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Abstract

OBJECTIVES: Analyses performed by the Sarcopenia Definitions and Outcomes Consortium 

(SDOC) identified cutpoints in several metrics of grip strength for consideration in a definition of 

sarcopenia. We describe the associations between the SDOC-identified metrics of low grip 

strength (absolute or standardized to body size/composition); low dual-energy x-ray 

absorptiometry (DXA) lean mass as previously defined in the literature (appendicular lean mass 

[ALM]/ht2); and slowness (walking speed <.8 m/s) with subsequent adverse outcomes (falls, hip 

fractures, mobility limitation, and mortality).

DESIGN: Individual-level, sex-stratified pooled analysis. We calculated odds ratios (ORs) or 

hazard ratios (HRs) for incident falls, mobility limitation, hip fractures, and mortality. Follow-up 

time ranged from 1 year for falls to 8.8 ± 2.3 years for mortality.

SETTING: Eight prospective observational cohort studies.

PARTICIPANTS: A total of 13,421 community-dwelling men and 4,828 community-dwelling 

women.

MEASUREMENTS—Grip strength by hand dynamometry, gait speed, and lean mass by DXA.

RESULTS: Low grip strength (absolute or standardized to body size/composition) was associated 

with incident outcomes, usually independently of slowness, in both men and women. ORs and 

HRs generally ranged from 1.2 to 3.0 for those below vs above the cut-point. DXA lean mass was 

not consistently associated with these outcomes. When considered together, those who had both 

muscle weakness by absolute grip strength (<35.5 kg in men and <20 kg in women) and slowness 

were consistently more likely to have a fall, hip fracture, mobility limitation, or die than those 

without either slowness or muscle weakness.

CONCLUSION: Older men and women with both muscle weakness and slowness have a higher 

likelihood of adverse health outcomes. These results support the inclusion of grip strength and 

walking speed as components in a summary definition of sarcopenia.

Keywords

sarcopenia; grip strength; gait speed; hip fracture; mobility limitation

Many definitions of sarcopenia have been proposed.1-4 Early definitions relied on lean mass 

alone, whereas more recent definitions have incorporated strength and performance 

measures in addition to lean mass. Given the previous work in this field, why is a new 

definition of sarcopenia warranted? There are several important motivating factors for the 

work in this article and accompanying manuscripts of the Sarcopenia Definitions and 

Outcomes Consortium (SDOC).5-10
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First, aside from the effort sponsored by the Foundation for the National Institutes of Health 

(FNIH), all other consensus definitions have largely relied on expert opinion rather than 

data-driven approaches.1-4 Second, all previous approaches to define sarcopenia 

presupposed that lean mass is an important metric required for defining sarcopenia despite 

the fact that lean mass has not been consistently related to poor outcomes in older adults. 

Assessment of lean mass is somewhat costly and burdensome, particularly in resource-poor 

settings, because it requires the use of expensive imaging machinery with exposure to 

ionizing radiation. Therefore, lean mass should only be included in sarcopenia definitions if 

it meaningfully predicts outcomes. Additionally, inclusion of a measure that is not 

associated with the risk of clinically meaningful outcomes in a composite definition will add 

noise to the data, potentially increasing measurement error. Finally, the development of 

previous sarcopenia definitions was done with little input from the outside scientific 

community. The SDOC approach addressed this shortcoming by holding a Position 

Development Conference to review the data and interpret the findings. The summary of the 

SDOC Position Development Conference is published elsewhere.5,11

Thus to address the need for a refined definition of sarcopenia, in 2016 the SDOC was 

formed to complete analyses and inform an updated operational definition of sarcopenia. 

The SDOC is a collaboration among content experts and many cohort studies and clinical 

populations.5 The main results of the efforts of the SDOC project are reported in a series of 

concurrent reports. In the first stage of the analyses for the SDOC, reported by Manini et al,8 

we completed a pooled analysis of several cohort studies and primarily utilized classification 

and regression trees (CART) and receiver operator characteristics including area under the 

curve as tools to identify variables (and cut-points in these variables) that best discriminated 

older adults with slowness (objectively defined as usual walking speed <.8 m/s) from those 

without (Table 1). The primary discriminators of slowness identified in those analyses were 

all metrics of grip strength, either the absolute value or standardized to body size or 

composition. However, whether these variables (and the cut-points derived for them) in the 

CART models are predictive of subsequent adverse health outcomes such as falls, hip 

fractures, mobility limitation, and mortality (independent of slowness) in older adults is 

unknown.

Thus in this next stage of analysis using a subset of SDOC data from cohort studies of older 

adults, we had several objectives. First, we evaluated the association between the grip 

strength variables (with or without standardization for body size or composition) identified 

in the SDOC CART analyses with incident clinical outcomes of falls, self-reported mobility 

limitation, hip fracture, and mortality. The SDOC CART models did not identify dual-

energy x-ray absorptiometry (DXA)-derived lean mass measures as important discriminators 

of slowness. Nonetheless, because many definitions of sarcopenia based on expert opinion 

include DXA lean mass and to allow full consideration of the association between DXA-

derived measures of lean mass with these adverse outcomes in the SDOC analyses, we also 

included commonly used measures of DXA-derived lean mass in our analyses as potential 

risk factors for these adverse outcomes.

Second, for absolute grip strength measure, we determined whether the associations with 

these outcomes were independent of walking speed. Third, we quantified whether 
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participants with low walking speed alone (without low grip strength), low grip strength 

alone (without low walking speed), or their combination (both low walking speed and low 

grip strength) had a greater likelihood of clinical outcomes than those who had neither slow 

walking speed nor low grip strength.

METHODS

Study Population

We used data from eight cohort studies participating in the SDOC (Supplementary Tables S1 

and S2). These studies were described extensively elsewhere; each study includes 

community-dwelling older adults. Analyses were limited to older adults aged 65 years and 

older who had data on body composition measured by DXA, grip strength, and walking 

speed. Assessment of grip strength and walking speed are described in the Supplementary 

Methods and Supplementary Tables S3 and S4.

Defining Slowness and Muscle Weakness

In our main analyses, slowness was defined as walking speed less than .8 m/s and muscle 

weakness as absolute grip strength less than 20 kg in women or 35.5 kg in men.

Adverse Health Outcomes

In all cohorts, we harmonized data for falls, death, hip fracture, and self-reported incident 

mobility limitation. Falls were analyzed as one or more self-reported falls in the year after 

the sarcopenia assessment. Details regarding assessment of falls, deaths, self-reported 

mobility limitation, and hip fracture are reported in the Supplementary Methods and 

Supplementary Tables S5, S6, S7, and S8.

Statistical Analysis

Means plus or minus standard deviation and number (%) for selected characteristics are 

presented by category of grip strength for men and women separately. The current analysis 

evaluated the primary nodes of the SDOC CART analyses (that were all measures of grip 

strength with or without standardization to body size). Measures of lean mass as historically 

presented in literature were also evaluated despite not being selected by CART. Each 

predictor was defined as “low” (below cut-point) vs not. Given known sex differences in 

walking speed, strength, and body size, analyses were stratified by sex. We calculated odds 

ratios (ORs) for incident falls and incident self-reported mobility limitation for the 

sarcopenia predictors identified in Table 1 using logistic regression.

These metrics and cut-points were derived by Manini et al8 from both primary and 

secondary CART models (and logistic models using Youden’s index when CART did not 

identify a cut-point for a particular metric). We used proportional hazards models to estimate 

the hazard ratio for mortality and hip fractures. In sensitivity models for hip fracture, we 

accounted for the influence of the competing risk of mortality using the Fine-Gray extension 

to Cox models.14 We decided a priori to include covariates (age, self-rated health, pain, use 

of statins, cognitive function, cancer, congestive heart failure, stroke, chronic obstructive 

pulmonary disease, and diabetes, plus bone mineral density for hip fracture models) based 
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on the factors that are most likely to confound the association between the putative 

sarcopenia variables.

Methods and description of the harmonization of these covariates across cohorts is reported 

in the Supplementary Methods and Supplementary Table S9. Separate models were run for 

each putative sarcopenia predictor variable. We also ran models that combined muscle 

weakness (defined by grip strength cut-points, not adjusted for body size) and walking speed 

as a four-category variable (muscle weakness and slowness; not weak but slow; weak but not 

slow; and not weak and not slow that served as the referent group). Further, for each 

outcome, we included both slowness (defined by walking speed <.8 m/s) and muscle 

weakness (defined by absolute grip strength cut-points) in a single model adjusted for the 

covariates listed earlier to test whether slowness and muscle weakness predict outcomes 

independent of each other. Finally, for each outcome, we tested the interaction between 

slowness (defined by walking speed <.8 m/s) and muscle weakness (defined by absolute grip 

strength cut-points) to determine if the effect of muscle weakness varied by the presence or 

absence of slowness (and vice versa). All hypotheses were tested using a two-sided α level 

of .05. Analyses were completed in SAS v.9.4 (Cary, NC).

RESULTS

The total number of participants and events by study are reported in Supplementary Table S2 

(13,421 men and 4,828 women); follow-up time for each cohort and measure are noted in 

the supplementary materials. Characteristics of participants by grip strength cut-points 

(based on absolute maximum grip strength) are reported in Supplementary Table S10. For 

both men and women, those classified with low grip strength were older, weighed less, had 

lower DXA appendicular lean mass (ALM) and DXA ALM/ht2 than those with higher grip 

strength (P < .001 for all). Moreover, for both men and women, a greater percentage of 

participants with muscle weakness (low grip strength) had an incident adverse outcome 

(mortality, fall, hip fracture, and self-reported mobility limitation) than did those without 

muscle weakness (P < .05 for all).

In multivariate models, we estimated the likelihood of falls and self-reported mobility 

limitation and the risk of mortality and hip fracture separately for men and women (Figures 

1 and 2). In general, participants with low grip strength (absolute or with adjustment for 

body size) were more likely to experience an incident fall, self-reported mobility limitation, 

hip fracture, or death than those without. In contrast, DXA-derived measures of lean mass 

were not consistently associated with these outcomes. In women, only ALM/ht2 was 

significantly associated with mortality but no other outcomes. In men, ALM/ht2 and ALM 

were associated with mortality. In men, the significant association of low ALM and falls or 

hip fractures was in an opposite to what may be hypothesized (ie, low absolute ALM was 

protective against falls and hip fractures).There was no association with other outcomes in 

men.

Figures 3 and 4 display the association between slowness (walking speed<.8 m/s) and 

muscle weakness (grip strength <20 kg for women and <35.5 kg for men), alone and in 

combination, for the outcomes of falls, mortality, hip fractures, and mobility limitation in 

Cawthon et al. Page 5

J Am Geriatr Soc. Author manuscript; available in PMC 2020 September 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



men and women. The joint models are those that included both slowness and muscle 

weakness in the same model. In men, these models indicate that slowness was associated 

with all outcomes independently of grip strength. In women, slowness was associated with 

all outcomes (except hip fracture) independently of grip strength. These models also indicate 

that in men, muscle weakness was associated with mortality and mobility limitation (but not 

falls and hip fractures) independently of slowness. In women, muscle weakness was 

associated with falls (but not mortality, mobility imitation, and hip fractures) independently 

of slowness.

When slowness and muscle weakness were combined into a four-level variable, for both 

men and women, those with slowness and muscle weakness were consistently more likely to 

experience falls, mobility limitation, and mortality than those who were not slow and not 

weak (although the association for those with slowness and muscle weakness for hip fracture 

did not reach statistical significance in men). The pattern of association between those who 

were slow (but not weak) and those who were weak (but not slow) varied by sex and 

outcome. The interaction between slowness and muscle weakness was not significant for any 

outcome in men, but it was significant for falls in women. Cohort-specific analyses and 

associations with alternative grip strength metrics/cut-points are described in Supplementary 

Table S11 and Supplementary Figures S1 and S2. Accounting for the competing risk of 

mortality did not materially alter results (data not shown).

DISCUSSION

We found that low grip strength (either the absolute value or the ratio of grip strength to 

body size or composition) was associated with incident outcomes of falls, mobility 

limitation, hip fracture, and mortality in both men and women. Slowness was also associated 

with these outcomes, and in general both muscle weakness and slowness were independent 

predictors of these outcomes. In contrast, DXA lean mass (analyzed as ALM or ALM/ht2) 

was not associated consistently with these outcomes. Our data served as the foundation for 

the development and consideration of the SDOC position statements described by Bhasin et 

al5 and as a basis for the SDOC’s recommended definition of sarcopenia.

Similar to other more recently proposed definitions of sarcopenia,3 the analyses here and the 

broader SDOC position statements5 support the inclusion of grip strength as a component of 

a definition of sarcopenia. Grip strength has long been considered an important measure of 

health15-20 and been included in most of the proposed definitions of sarcopenia.3,21,22 Grip 

strength is a measure of upper body strength, and previous studies suggest it is reasonably 

correlated with total body or lower extremity strength.23 Furthermore, grip strength can be 

measured easily and inexpensively in clinical and research settings, especially when 

compared with the complexity of measuring lower body strength and power.24 This is 

evidenced by the fact that although all of the cohort studies in this analysis collected 

measures of grip strength, there was not a single shared protocol for assessment of lower 

extremity strength or power across these studies. We acknowledge that lower extremity 

strength impairments may be a stronger predictor of slowness, particularly among those with 

less baseline impairment.23,25-28 However, assessment of lower extremity strength is 
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expensive and time consuming, making it unlikely that currently available protocols could 

become widely available for research or clinical use.

Also, similar to previous reports,29,30 our results demonstrate a consistent association 

between slow walking speed and poor outcomes in older adults. Thus our data also support 

inclusion of walking speed as another component of the definition of sarcopenia. Similar to 

grip strength, walking speed is relatively simple to assess and has been used in both clinic- 

and home-based settings.30 Men and women with both slowness and muscle weakness 

together were consistently more likely to experience falls, mobility limitation, hip fracture, 

and mortality than those with neither slowness nor muscle weakness. However, our data 

showed some inconsistency between muscle weakness alone (without slowness) and 

slowness alone (without muscle weakness) in predicting all outcomes in both men and 

women.

Furthermore, although slow walking speed is a strong predictor of many outcomes, many 

causes of slowness are not due to muscle weakness; this fact was also noted in the SDOC 

position statements. Additional limitations of grip strength include equipment availability, 

potential variability among dynamometers, and difficulties of measurement in those with 

pain or arthritis. Nevertheless, incorporation of both slowness and muscle weakness into a 

single definition of sarcopenia may therefore identify those who are slow at least in part due 

to muscle weakness. Thus our results support the two position statements developed by the 

SDOC regarding the association of both slowness and muscle weakness with adverse 

outcomes, and the recommendation to include both of these factors in a summary definition 

of sarcopenia.5

Consistent with the SDOC CART analyses, our data do not show consistent associations 

between low lean mass and adverse outcomes in older adults.8 These results are largely 

comparable with the literature, with meta-analyses showing little to no effect of measures of 

DXA lean mass with adverse outcomes in older adults.31,32 Our data also closely align with 

the SDOC position statements that DXA-derived lean mass is not a good predictor of 

adverse outcomes in older adults, and they provide evidence for why the SDOC sarcopenia 

definition does not include measure of lean mass by DXA.5

At least two possible explanations are plausible for why DXA-derived measures of lean 

mass are not robustly associated with adverse outcomes. First, DXA does not measure 

muscle mass directly; rather it measures lean mass that is an approximation of muscle mass. 

DXA-derived lean mass includes not only muscle mass but also water and fibrotic tissue. 

Thus the measurement error inherent in DXA due to this inaccurate assessment of muscle 

may have biased the results we observed toward the null. Second, it is possible that muscle 

mass per se has no causal relation to these outcomes.

However, other methods to assess muscle mass that do not rely on the same assumptions as 

DXA, such as D3-creatine dilution,33 suggest that low muscle mass (when measured 

accurately) is associated with poor outcomes in older men. In addition, in older adults, 

measures of muscle cross-sectional area by computed tomography (CT) (centrally or in the 

periphery) are generally associated with poor outcomes (mortality, mobility limitation) while 
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in the same population, measures of DXA-derived lean mass are not.34,35 In sum, these data 

suggest that muscle mass, when measured accurately, is likely related to poor outcomes in 

older people.

However, alternative approaches to measure muscle mass have some drawbacks: magnetic 

resonance imaging and CT are expensive and not widely available. CT additionally includes 

radiation exposure, and many older adults cannot have MR scans due to implanted metal or 

claustrophobia. The D3-creatine method holds promise,33 but data using this approach are 

limited, and it is not yet approved for routine clinical use.

The SDOC cut-points for muscle weakness derived from CART analyses are similar to 

approaches to define muscle weakness from US nationally representative populations. The 

Health and Retirement Survey found cut-points in grip strength of 39 kg in men (compared 

with 35.5 kg in the present analyses) and 22 kg in women (compared with 20 kg in the 

present analyses).20 The FNIH Sarcopenia Project found a much lower cut-point for muscle 

weakness (<26 kg) in men. For women, the FNIH Sarcopenia Project was a little lower than 

ours (<16 kg) but found an intermediate cutpoint for muscle weakness that was identical to 

our definition of muscle weakness.36

The newly revised European Working Group for Sarcopenia in Older Persons (EWGSOP2)3 

uses grip strength cut-points of 16 kg for women and 27 kg for men, but it is based on 

distributional analyses of grip strength across the life course18 not on an evaluation of what 

level of grip strength is associated with performance (as was done in the present analyses). 

The EWGSOP2 definition also includes DXA lean mass. With our higher cut-points for both 

men and women, more adults would be classified as having muscle weakness by the SDOC 

definition than by the previous FNIH definition or the EWGSOP2 recommendations.

Given the results of these and parallel SDOC analyses, and the input of the International 

Expert Panel, the SDOC has ultimately defined sarcopenia as the presence of both muscle 

weakness (absolute grip strength <35.5 kg in men and <20 kg women) and slowness 

(walking speed <.8 m/s).5 This leads to the question: How exactly should our cutpoints be 

used? The SDOC definition for muscle weakness identifies a relatively large proportion of 

adults (particularly men) as weak. This relatively high prevalence is likely reasonable should 

the cut-points be used to identify older adults for relatively low cost and safe treatment such 

as resistance training (although the effect of resistance training on all of the outcomes 

described in this article have not been established conclusively).

However, the prevalence of muscle weakness by the current SDOC definition may be too 

high for a future hypothetical situation in which patients would be recommended for 

treatment with an (not yet developed) expensive medication with significant side effects to 

prevent an outcome such as fracture or disability. Further, it is unknown how the SDOC 

definition performs as eligibility criteria or as an outcome in randomized trials. Finally, 

whether the SDOC’s sarcopenia definition or the individual components of slowness or 

weakness improve prediction of events such as fractures, above and beyond existing risk 

factors (such as the Fracture Risk Assessment Tool model for fractures) is not formally 

evaluated in this article. This is the topic of separate ongoing investigations.37,38
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As noted, the EWGSOP recently updated their recommended definition (referred to as 

EWGSOP2).3 In addition to issues previously described with inclusion of DXA lean mass in 

a sarcopenia definition, another limitation of the EWGSOP2 is that the definition is not 

exact. The EWGSOP2 algorithm allows many different measures to be substituted for each 

other, for each component of sarcopenia. For example, muscle strength may be assessed by 

either grip strength or chair stands, and physical performance may be assessed by gait speed, 

the Short Physical Performance Battery, Timed Up and Go, or the 400-m walk. This means 

the same person, at the same point in time, may be classified as completely normal or with 

severe sarcopenia, solely depending on the measures used in the algorithm for case finding 

rather than their true physical condition. Although the flexibility of this method is appealing 

from an ease-of-implementation perspective, the lack of precision in defining sarcopenia by 

the EWGSOP2 algorithm significantly limits its utility in clinical and research settings given 

these significant concerns about misclassification.

Strengths of our project include the large data set with similar assessments of grip strength 

and walking speed and end points across cohorts. As part of the larger SDOC project, we 

also evaluated the harmonization of DXA measures8 that did not materially change our 

results, demonstrating that our results cannot be explained by lack of DXA harmonization. 

However, a few limitations must be noted.

First, the participants in our studies were generally healthy community-dwelling older adults 

not selected for poor function or disease status. Further, although our analyses included a 

diverse population in terms of race and geographic location, the population was still largely 

whites residing in the United States. We did not run CART models to identify race-specific 

or geography-specific cut-points. Our results suggest a variation in the prevalence of muscle 

weakness by race, and it is unclear if separate cut-points should be developed for nonwhite 

populations or for different geographic locations. For the mobility limitation outcome, time 

between the sarcopenia assessment and report of subsequent mobility limitation varied 

across the cohorts. This could have introduced informative censoring, thereby biasing the 

effect estimates.

Further, the multivariate models in our report may not have fully accounted for confounding 

factors. This includes factors that were not measured at all in the studies or factors measured 

so differently across all studies as to preclude their inclusion in our models. For example, the 

studies varied so substantially in how physical activity was assessed that these differences 

made it impossible to include a similar term for physical activity for all studies in the 

models. Finally, further work is needed to facilitate the implementation of these measures in 

clinical settings including standardization of equipment and procedures, staff training for 

assessing grip strength and walking speed in clinical practice, and identifying and removing 

barriers to use with patients.

In summary, we found that muscle weakness defined by low absolute grip strength (<35.5 kg 

in men and <20 kg in women) and slowness defined by low walking speed (<.8 m/s) were 

generally associated with a higher likelihood of adverse health outcomes (falls, mobility 

limitation, hip fractures, and mortality) in older men and women. Likelihood of these 

outcomes was also consistently elevated for men and women who had both muscle weakness 
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and slowness when compared with those who had neither condition. No consistent 

relationship was found between low DXA-derived lean mass and these outcomes in either 

men or women. These data support the summary SDOC definition of sarcopenia as the 

presence of both slowness and muscle weakness regardless of the level of DXA-derived lean 

mass.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Association (odds ratio [OR] or hazards ratio [HR], 95% confidence interval [CI]) of 

putative sarcopenia variables and adverse outcomes in the Sarcopenia Definitions and 

Outcomes Consortium cohorts in men. Models are adjusted for age, self-rated health, pain, 

use of statins, cognitive function, cancer, congestive heart failure, stroke, chronic obstructive 

pulmonary disease. and diabetes. Hip fracture model is additionally adjusted for bone 

mineral density. Falls model includes 9,994 men (1,987 [19.9%] falls); mortality model 

includes 12,856 men (4,109 [32%] deaths); mobility limitation model includes 6,505 men 

(888 [13.7%] mobility limitation); and the hip fracture model includes 9,512 men (392 

[4.1%] hip fractures). ALM, appendicular lean mass; BMI, body mass index; TBF, total 

body fat.
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Figure 2. 
Association (odds ratio [OR] or hazards ratio [HR], 95% confidence interval [CI]) of 

putative sarcopenia variables and adverse outcomes in the Sarcopenia Definitions and 

Outcomes Consortium cohorts in women. Models are adjusted for age, self-rated health, 

pain, use of statins, cognitive function, cancer, congestive heart failure, stroke, chronic 

obstructive pulmonary disease, and diabetes. Hip fracture model is additionally adjusted for 

bone mineral density. Falls model includes 4,551 women (913 [20.1%] falls]); mortality 

model includes 4,736 women (1,258 [26.6%] deaths); mobility limitation model includes 

1,500 women (344 ]22.9%] mobility limitation); and the hip fracture model includes 1,745 

women (166 ]9.5%] hip fractures). ALM, appendicular lean mass; BMI, body mass index; 

TBF, total body fat.
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Figure 3. 
Association (odds ratio [OR], 95% confidence interval [CI]) between grip strength and 

walking speed combinations and falls, mortality, mobility limitation, and hip fractures in 

men. Models are adjusted for age, self-rated health, pain, use of statins, cognitive function, 

cancer, congestive heart failure, stroke, chronic obstructive pulmonary disease, and diabetes. 

Hip fracture model additionally adjusted for bone mineral density. Falls model includes 

9,994 men (1987 [19.9%] falls); mortality model includes 12,856 men (4,109 [32%] deaths); 

mobility limitation model includes 6,505 men (888 [13.7%] mobility limitation); and the hip 

fracture model includes 9,512 men (392 [4.1%] hip fractures). Interaction between slowness 

and muscle weakness was not significant for any model (P > .010).
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Figure 4. 
Association (odds ratio [OR], 95% confidence interval [CI]) between grip strength and 

walking speed combinations and falls, mortality, mobility limitation, and hip fractures in 

women. Models are adjusted for age, self-rated health, pain, use of statins, cognitive 

function, cancer, congestive heart failure, stroke, chronic obstructive pulmonary disease, and 

diabetes. Hip fracture model additionally adjusted for bone mineral density. Falls model 

includes 4,551 women ([913] 20.1% falls); Mortality model includes 4,736 women (1,258 

[26.6%] deaths); mobility limitation model includes 1,500 women (344 [22.9%] mobility 

limitation); and the hip fracture model includes 1,745 women (166 [9.5%] hip fractures). 

Interaction between slowness and muscle weakness was significant for falls (P = .039), 

borderline significant for hip fracture (P = .076), and not significant for mobility limitation 

and mortality (P > .10).
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Table 1

Putative Sarcopenia Variables and Their Cut-Points

Men Women

Primary variables: identified by SDOC CART analysis8

 Grip maximum value <35.5 kg <20 kg
a

 Grip strength/BMI <1.05 kg/kg/m2,b <.79 kg/kg/m2

 Grip strength/TBF <1.66 kg/kg
a <.65 kg/kg

 Grip/Arm lean mass <6.08 kg/kg
a <3.26 kg/kg

 Grip/Weight <.45 kg/kg
a <.337 kg/kg

Secondary lean mass variables identified by previous efforts

 ALM/ht2,12 7.26 kg/m2 5.45 kg/m2

 ALM13 <19.75 kg 15.02 kg

Abbreviations: ALM, appendicular lean mass; BMI, body mass index; CART, classification and regression tree analysis; SDOC, Sarcopenia 
Definitions and Outcomes Consortium; TBF, total body fat.

a
From Youden’s index.

b
This cut-point is from the primary CART analyses; another cut-point of Grip/BMI <1.46 was found for men with secondary walking speed 

outcome.
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