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Abstract: 
 

 It is well documented that lean tissue mass (LTM) decreases with aging in patients with 

obesity, but there is no information available regarding muscle strength changes, a parameter 

that may be better associated with sarcopenic obesity (SO). The objectives of this study were 

to analyze the changes in LTM and fat mass (FM), muscle strength and muscle function with 

aging in women with obesity and to determine the prevalence of SO. LTM and FM were 

determined by DXA, muscle strength with the hand-grip test and muscle function with the 6 

min walk test (6MWT) in 383 women with obesity. A redistribution of the LTM and FM 

occurred with age, characterized by a gain at the trunk to the detriment of the lower limbs, 

thus reducing in appendicular LTM indices. The physical performances evaluated by the 

muscle strength and muscle function decreased concomitantly, and the prevalence of low 

values for both these parameters was 22.8% and 13.4%, respectively, in the older patients. In 

summary, although a reduction in appendicular LTM and muscle performances occurred with 

age and resulted in an increase in the prevalence of SO, the number of women with obesity 

affected by SO remained low (n </=15), even in those older than 60 years. 

 

 

 

- 

 

 

1. Introduction 
 
 

It has been well documented that a gradual increase in body fat associated with losses in 

muscle mass and strength occurs with aging [1–4]. This body composition change increases 

the risk of both obesity and sarcopenia, which can occur simultaneously and synergistically 

aggravate each other and is defined as sarcopenic obesity (SO) [5]. Moreover, patients with 

SO were shown to be 2.5 times more at risk of disability than patients with sarcopenia or 

obesity alone [6]. SO has several negative consequences for health—including poor quality of 

life, physical disability, increased risk of fall, cardiovascular diseases, and 

institutionalization—resulting at term in an increased risk of early mortality [7]. In addition, 

low muscle mass is masked by obesity, making its diagnosis a challenge [8]. To improve the 

detection and medical management of these patients, a recent consensus statement from the 

European Association for the Study of Obesity (EASO) and the European Society for Clinical 

Nutrition and Metabolism (ESPEN) defined SO as an increase in body mass index (BMI) or 

waist circumference and the simultaneous occurrence of increased fat mass (FM), low muscle 

mass and low muscle strength and function [9]. However, the SO prevalence varies widely 

(ranging from 0% to 94%) with the criteria used [10,11], which suggests the need for 

consensual criteria [10] and improved methods of identifying and treating affected patients [9] 

in routine care settings [12]. In two recent studies [13,14], we confirmed a wide range of low 

muscle mass values (0 to 29.2%) when the usual cut-offs currently used were applied in older 

women with obesity. Although a reduction in appendicular lean tissue mass (LTM) was 

observed in the women suffering from obesity with aging [13,14], no older women were 

diagnosed with low LTM using the majority of the current cutoffs. New cut-offs developed 

from young women with obesity with the same disease and from the same country appeared 

to be better adapted [14]. Indeed, using this approach, the low LTM prevalence was relatively 

homogenous (8.5–17.4%). Unfortunately, in this previous study, we evaluated sarcopenia 

through muscle mass only, and no information was available on muscle strength, a parameter 



that may be better associated with muscle functional decline [14]. Consequently, before using 

these new cut-offs in clinical routine, their effectiveness must be evaluated, as well as whether 

they are associated with physical disabilities and muscle strength, to better identify subjects 

with obesity with SO. 

 

The three aims of this study were: (i) to compare LTM and fat mass (FM) in women with 

obesity in different age groups and determine the prevalence of low LTM by using the cut-

offs commonly applied in the general population and those more especially adapted to 

patients with obesity, (ii) to compare the muscle strength and muscle function in these age 

groups, and (iii) to determine the factors influencing physical performances. 

 

2. Materials and Methods 
 

2.1. Subject 

 

Patients with obesity (body mass index (BMI) _ 30 kg/m2) [15] were recruited for medical 

care for their obesity. Only women were recruited in this study because they constituted the 

majority of patients seen in our department. Study patients were subdivided into three groups 

according to age: young patients (_35 years), middle-aged patients (>35 to 60 years), and 

older patients (>60 years). The choice of the three age-group categories was based on our 

previous study, which allowed us to determine new cut-offs for low LTM specifically adapted 

to women with obesity [14]. 

 

As previously described [13,14], the exclusion criteria were the absence of bariatric surgery 

and any physical handicap (amputation, prosthesis, difficulties in walking) that might impede 

body composition measurement and muscle performance evaluations. No patient was 

pregnant. The medical history (menopausal status, smoking status, diabetes mellitus and 

medications) was also recorded. Only leisure physical activities (<1 h/week) were performed 

by the patients. Standing height and weight were measured to calculate BMI [weight/height2 

(kg/m2)]. Waist circumference was measured to the nearest 0.1 cm midway between the last 

rib and the crest of the ileum. Type 2 diabetes [16] and arterial hypertension (HTA) [17] were 

defined as comorbidities. 

 

Participant Consent 

 

The study was approved by the local ethics committee (NDC-2009-1052) and performed in 

accordance with the ethical standards laid down in the 1964 Declaration o Helsinki and its 

later amendments. All participants gave written informed consent. 

 

2.2. Methods 

 

2.2.1. Determination of LTM and FM 

 

Dual-energy X-ray absorptiometry (DXA) (Hologic Horizon A, Hologic, Inc.,Waltham, MA, 

USA) was used to determine FM (kg and %) and LTM (kg) following the procedure 

previously described in detail [18]. The regional soft tissue composition (upper limbs, lower 

limbs and trunk) was obtained from the whole-body scan. Quality control was checked every 

day by analyzing a lumbar spine phantom. The coefficient of variation (CV) was <1% for FM 

and LTM. 

 



 

2.2.2. Cut-Offs Used for the Definition of Low LTM 

 

Appendicular lean mass (ALM; kg) was defined as the sum of the LTM of the upper and 

lower limbs [19], and the ALM/height2 [ALMI(h2); kg/m2] or ALM/body mass index 

[ALMI(BMI)] defined the ALM index. Low LTM was defined as follows: first, ALM < 15 kg 

and ALMI(h2) < 5.5 kg/m2, as defined by the European Working Group on Sarcopenia in 

Older People 2 (EWGSOP2) [20]; Second, ALM < 15.02 kg and ALMI(BMI) < 0.512, as 

defined by the Foundation for the National Institutes of Health (FNIH) [21]; third, ALMI(h2) 

< 5.67 kg/m2 [22], as defined by the International Working Group on Sarcopenia (IWGS); 

fourth, recently and specifically developed cut-offs for patients with obesity, which included 

ALM < 18.51 kg, ALMI(h2) < 7.15 kg/m2, ALMI(BMI) < 0.483; and last an obesity index 

calculated as T-score = [ALMI(h2) � (2.08 + 0.183 _ BMI)]/0.72 [14]. All these cut-offs are 

adapted to Caucasian women. 

 

2.2.3. Assessment of Muscle Performance 

 

Muscle strength was determined with the hand-grip test using a hand dynamometer (EH101; 

Zhongshan Camry, Zhongshan, China). Hand-grip strength (HGS) was measured with the 

participant in a standing position with the arms close to the body and the elbow at 90° flexion. 

Three measurements were performed for the dominant hand. The mean value was calculated 

and was used for analysis. One minute between each repetition was respected to avoid fatigue. 

Quality control of the dynamometer was ensured by routinely checking with the known values 

of the resistors. In women, a value <16 kg was considered low for muscle strength [23], in 

line with the recommendations of the EWGSOP2 [20]. Muscle function was determined with 

the 6 min walk test (6MWT) to evaluate aerobic endurance according to the recommendations 

[24]. The patients were asked to walk for 6 min as fast as possible on a 30 m shuttle track. 

The distance (m) covered in 6 min was recorded. The gait speed (m/s) was calculated as the 

distance (m) covered in 6 min. A gait speed <0.8 m/s was defined as a low value [25]. 

 

2.2.4. Sarcopenic Obesity Definition 

 

Patients were diagnosed with sarcopenic obesity if they had (i) BMI > 30 kg/m2; (ii) low 

LTM determined by DXA according to one of the following criteria (ALM < 15 kg, ALM< 

15.02 kg, ALM < 18.51 kg, ALMI(h2) < 5.5 kg/m2, ALMI(h2) < 5.67 kg/m2, ALMI(h2) < 

7.15 kg/m2, ALMI(BMI) < 0.512, ALMI(BMI) < 0.483, or an obesity index calculated as T-

score = [ALMI(h2) - (2.08 + 0.183 x BMI)]/0.72 [14,20–22]; and (iii) either low muscle 

strength (<16 kg) determined by dynamometer [20] or low muscle function (<0.8 m/s) 

determined by 6MWT [25], as recommended by EWGSOP2 [20]. 

 

2.3. Statistical Analysis 

 

Patient characteristics are described as proportions for categorical variables and as Means+/- 

standard deviations (SD) for quantitative variables. Comparisons between age groups for 

quantitative variables were made using either ANOVA or the Kruskal–Wallis depending on 

the identified distribution. Two-by-two group comparisons were also made using either the 

Student’s t-test or the Mann–Whitney U-test. For qualitative variables, the Chi2 test or the 

Fisher exact test were used. To account for multiple comparisons and the inflation of risk 

alpha, we corrected the estimated p-value through the Bonferroni procedure. Correlations 

between parameters were estimated through the Spearman correlation coefficient and 



graphically through a scatter plot. Finally, in order to determine whether the effect of age on 

grip strength and gait speed was mediated by the decrease in ALMI(BMI) with age, we used 

the CAUSALMED procedure [26] in SAS, which uses linear regression adjustment methods 

[27] to estimate the percentage of the total effect of age that can be attributed to the mediation 

by ALMI(BMI). 

 

Statistical analyses were performed at the conventional two-tailed _ level of 0.05 using  SAS 

Enterprise Guide software version 7.1 (SAS Institute, Cary, NC, USA) or R software version 

4.1.1 (R Core Team (2021), Vienna, Austria). 

 

3. Results 

 
3.1. Characteristics of Patients 

 

The clinical and biological characteristics and comorbidities of the patients are presented in 

Table 1. A total of 383 women were recruited. Eighty constituted the young group (mean age 

26.4 +/- 5.2 years), 201 the middle-aged group (mean age 48.5 +/- 6.8 years), and 102 the 

older group (mean age 66.6 +/- 5.0 years). Globally, weight, height, BMI and hip 

circumference were higher in the young and middle-aged groups compared to the older group, 

whereas waist circumference was lower. Resting energy expenditure was lower in the middle-

aged and older groups compared to the young group. Comorbidities increased with age, and 

the older group presented a prevalence of 61.8% for HTA and 40.2% for diabetes. 

 

 
 

 



3.2. Body Composition 

 

The young and middle-aged groups presented systematically higher absolute values for FM 

and LTM (upper limb FM and whole-body FM% excepted) than the older group. To take into 

account the differences in height and weight between groups, an adjustment for these two 

parameters was performed (Table 2). Whole-body LTM and FM were relatively comparable 

between the three groups, although a redistribution of these two components characterized by 

a gain at the trunk to the detriment of the lower limbs occurred with age. 

 

 
 

 
 

 



3.3. Sarcopenic Index 

 

For all the parameters evaluating low LTM (ALM, ALMI(h2), ALMI(BMI) and obesity 

index), lower values were found in the >60 yrs group compared to the</=35 yrs group, while 

few differences were observed between</=35 yrs and 35–60 yrs groups. The prevalence of 

low LTM in the three groups was calculated with the different cut-offs [20–22] (Table 3). A 

wide range of low LTM prevalence in the older group was observed, from 0 to 2% according 

to EWGSOP2 [ALM, ALMI(h2)] and IWGS [ALMI(h2)] to 20.6% according to FNIH 

[ALMI(BMI)]. The prevalence of low LTM was very limited in the young and middle-aged 

patients for all indices. Interestingly, the prevalence of low LTM gradually increased with age 

when specific cut-offs developed for women with obesity were used [14]. Moreover, for each 

age group, the prevalence of low LTM appeared more consistent between cut-offs (ranging 

from 7.9% to 18.6%) when the cut-offs developed for subjects with obesity were used 

compared with the cut-offs currently used for the general population. 

 

 
 

3.4. Muscle Function 

 

The physical performances determined by the hand-grip test and the 6MWT were 

significantly lower in the >60 yrs group compared to the <35 yrs group, while only distance 

and walking speed values were different between the <35 yrs and 35–60 yrs groups. When the 

prevalence of low values for muscle strength (<16 kg) and gait speed (<0.83 m/s) was 

calculated, an increase in prevalence was observed in the >60 yrs compared to <35 yrs and 

35–60 yrs groups (Table 3). The prevalence of low values in the middle-aged and older 

groups appeared more marked for the grip test (22.8%) than for the 6MWT (13.4%). 

 

To determine whether patients with low or high values for muscle strength and muscle 

function presented specific characteristics, a sub-analysis was performed according to the two 

respective cut-offs (Table 4). Patients with grip test results >16 kg were younger and 

presented higher WB FM, trunk FM and LTM at all sites (whole body, trunk, arms and legs), 



ALM and ALMI(h2), 6MWT values (gait speed and distance covered) and REE compared to 

patients presenting grip test values <16 kg. Regarding muscle function, although the patients 

presenting values >0.83 m/s were younger than those with values <0.83 m/s, interestingly, the 

two groups did not differ for any body composition (FM and LTM) parameters. ALMI(BMI), 

gait speed and grip strength were higher in patients with the higher 6MWT values. 

 

3.5. Prevalence of Sarcopenic Obesity 

 

The number of patients presenting low muscle strength and/or low physical function 

according to the different cut-offs for low LTM is shown in Figure 1. Whatever the cut-off 

used for LTM, the prevalence of SO remained low (ranging from 2 to 15 patients). 
 

 
 

 

3.6. Impact of Age and BMI on Muscle Mass and Muscle Performance 

 

All correlations are presented in Table 5, Figures 2 and 3. Briefly, age was significantly and 

negatively associated with grip strength, gait speed and all muscle mass indices. The strength 

of these associations increased after adjustment for BMI, indicating a confounding effect of 

BMI, which was negatively correlated with age and gait speed and positively correlated with 

all muscle mass indices, but not grip strength. In addition, grip strength was positively 

correlated with gait speed. Moreover, grip strength and gait speed were also positively 

correlated with ALMI(BMI) and the Obesity Index, raising the hypothesis of a mediating role 

for the decrease in appendicular muscle mass relative to BMI in the decline in muscle strength 

with age. This hypothesis was confirmed by mediation analyses (Table 6), which found that 

27.6% (SEM = 7.9; p-value < 0.001) of the decrease in grip strength with age and 20.7% 

(SEM = 5.2; p-value < 0.001) of the decrease in gait speed with age could be explained by the 

concurrent decrease in ALMI(BMI). 



 

 
 

 

 

 
 



 
 

 

 
 

 



 

4. Discussion 
 

 

In this cross-sectional study carried out on a large number of women with obesity, we found a 

whole-body composition redistribution of LTM and FM components with aging, leading to 

the lowest appendicular LTM index in the older patients. A progressive decrease in muscle 

strength and performance was concomitantly observed, inducing an increase in the prevalence 

of SO that nevertheless remained relatively low in the women with obesity, even in those over 

60 years. 

 

4.1. Body Composition Change with Age 

 

In the present study, we performed an age subgroup analysis and observed a progressively 

increasing propensity toward central/abdominal adiposity and LTM to the detriment of 

appendicular sites, with the lower limbs most affected. These findings confirmed previous 

results in women with obesity [13,14]. The consequence of the soft tissue rearrangement, 

particularly for LTM, was a progressive decrease with aging in all indices used to determine 

low muscle mass—a parameter included in the definition of sarcopenia. Interestingly, this 

finding was observed whatever the index or factor of adjustment (i.e., none, h2 or BMI), 

which may have influenced the result due to the specific anthropometric characteristics of our 

patients. Nevertheless, when the validated cut-offs for Caucasian women were applied [20–

22], the prevalence of low LTM presented a wide range that is highly dependent on the set of 

diagnostic criteria, confirming previous findings [10,11,13,14]. However, when the results 

were examined in greater detail, only a minority of patients (0% to 2%) was identified as 

having low LTM when ALM and ALMI(h2) were applied, whereas ALMI(BMI) seemed to 

overestimate the prevalence at 20.6%. In subjects with obesity aged from 60 to 99 years, a 

prevalence of low LTM ranging from 0.2% to 4% according to the cut-off used was reported 

[28]. Given the inconsistency of the results with the various cut-offs [10,11,29]—probably 

due to their unsuitability for this population with obesity—we used secondary new cut-offs 

recently developed from data obtained in a population of young French women with obesity 

[14]. The results obtained with this method revealed a higher low LTM prevalence in women 

with obesity older than 60 years. Moreover, the prevalence of low LTM appeared more 

consistent across the different cut-offs (ranging from 7.9% to 18.6%). 

 

4.2. Variation in Muscle Function with Age 

 

It is now well acknowledged that muscle mass alone is insufficient to diagnose sarcopenia. It 

should first be determined by a deterioration of muscle strength (dynapenia), and its level of 

severity should be evaluated by physical performance testing [20]. Nevertheless, we can note 

that the relationship between strength and mass generally appeared to be non-linear [20]. One 

question arose from our observations: Is the increase in low LTM prevalence after 60 years 

associated with a deterioration in muscle function with aging in patients with obesity? We 

found in our population a concomitant and gradual reduction in muscle strength with aging 

determined by the hand-grip test and muscle performance determined by the 6MWT, the two 

tests recommended by the EWGSOP2 guidelines for determining sarcopenia [20]. Moreover, 

these tests are highly reproducible in subjects with obesity and can be used in clinical routine 

[30]. To the best of our knowledge, only Otten et al. [29] similarly reported a reduction in 

hand grip and knee extension strength with age in women with obesity (mean BMI 43.5 

kg/m2, age ranging from 18–78 years). 



In this previous study, LTM was also positively correlated with the strength parameters, 

whereas BMI and FM were not. Similarly, in a population of subjects with obesity ranging 

from 19 to 80 years, 6MWT appeared negatively correlated with age [31].  

 

We also observed that 22.8% of the patients older than 60 years presented altered muscle 

strength and only 13.4% altered muscle performance. The preponderance of muscle strength 

alteration was somewhat unexpected since a high BMI in subjects with obesity should have 

the greatest impact on walking capacity compared to the general population. Correlation 

analysis confirmed our hypothesis that BMI would be inversely correlated with gait speed, 

whereas no correlation was found for hand-grip strength. Previous studies have also reported 

that 6MWT results were influenced by various factors such as disabilities, but mainly by the 

severity of obesity [30,31]. Similarly, Purcell et al. [11] recently reported that, although SO 

increased across age categories in a cohort of older Canadian adults (age > 65 years, n = 

11,803, 50.4% women), it was mainly associated with low hand-grip strength, but not with 

slow gait speed. Kong et al. [32] also observed in elderly South Korean subjects that the 

group with SO tended to have lower grip test values than the normal, pure obesity, and pure 

sarcopenia groups, but gait speed was not different between groups. Conversely, a positive 

association between BMI and hand-grip strength was also reported in a group composed of 

normal and overweight adults [33]. In this previous study, Keevil et al. [34] noted no increase 

in grip strength beyond a BMI>/=30 kg/m2, which may explain why no correlation between 

BMI and strength was observed in our obese population [29]. 

 

In fact, our results tended to show that some of the data on patients’ muscular capacities 

provided by the hand-grip and 6MWT tests are common, as shown by (i) the positive 

correlation observed between the two tests (r = 0.360, p < 0.001) and the previously reported 

[31], and (ii) the comparable age of the participants presenting values that were lower and 

higher (respectively, 57–58 years and 46.6–48) than the cut-off points for the two tests (i.e., 

16 kg and 0.83 m/s). Nevertheless, it was also interesting to note some discordance between 

the two tests: (i) different factors were associated with each of them: the grip test was 

positively linked to LTM (whole body and regional), whereas the walking test was only 

negatively correlated with FM (whole body and regional), and (ii) when subgroup analysis 

was performed according to the cut-offs, patients with values >16 kg presented significantly 

higher LTM values than those with values <16 kg, whereas LTM values were comparable 

between patients with values higher and lower than 0.83 m/s, suggesting more an alteration of 

muscle quality. Barrea et al. reported that subjects with obesity with ages ranging from 18 to 

51 years and grip test values <16 kg also exhibited a lower LTM value compared with their 

counterparts, with values above the cut-off [35]. However, in this study, body composition 

was analyzed with bioelectrical impedance analysis (BIA), a technique less accurate 

technique than DXA [33]. 

 

Our findings suggested a preponderant relationship between muscle mass and muscle 

strength, although high adiposity or muscle quality deterioration has appeared as the main 

predictor of muscle performance limitations in older adults [11,36]. Interestingly, our 

mediation approach showed that the decrease in muscle strength observed with aging was 

mediated by a nearly 27.6% decrease in LTM. Nevertheless, the proportion of the effect on 

muscle strength mediated by muscle mass remained moderate, suggesting that other factors 

may affect strength parameters in subjects with obesity. Also, impaired muscle quality partly 

due to fat infiltration of skeletal muscles, known as myosteatosis, causing changes in muscle 

tissue composition and metabolic efficiency or low-grade inflammation, has been proposed as 



a contributing deleterious factor [29,37,38]. Due to these tissue alterations, the deterioration in 

physical function may be greater in patients with SO than in those with pure sarcopenia [32]. 

 

Finally, our results indicated that the prevalence of SO was relatively low in our population, 

less than 9% for most of the cut-offs used to define low LTM. It is currently estimated that 

from 2.6% to over 90% of older adults globally present SO using various definitions, but 

generally the prevalence remains low until increasing dramatically after the age of 70 years 

[10,25,39–41]. The limited mean age of our older patients (66.6 years) may explain the 

relatively lower SO observed in our study. Moreover, as expected, although our older group 

was the most affected by SO, younger patients may also develop it due to sedentary lifestyles 

and unhealthy diets [42,43]. It is also likely that the cut-offs used to define low muscle 

function are not adapted to the population with obesity. El Gogh et al. [44] found that the cut-

offs to discriminate patients with normal and low LTM were 23.5 kg for the hand-grip test 

and 1.2 m/s for gait speed. However, we note that these values were determined from a 

population of women with obesity that presented an unexpectedly high prevalence (63.3%) of 

low LTM, and consequently these cut-offs were not appropriate for our population. 

 

4.3. Strengths and Limitations of the Study 

 

This study presents numerous strengths. To our knowledge, this is the first crosssectional 

analysis of the variation in prevalence with age of SO among a population with obesity in 

France using the EWGSOP2 definition of sarcopenia and a specifically adapted definition for 

women with obesity. Moreover, the DXA technique, which is considered the gold standard 

technique for clinical body composition evaluation in subjects with obesity was used [45]. All 

the patients were Caucasian, thus avoiding the potential effects of ethnicity on body 

composition and sarcopenia prevalence. Last, all the patients were recruited from one center, 

which limited the differences among investigators about the way in which physical function 

and body composition are measured. The cross-sectional design may be the main limitation of 

our study as it did not allow us to follow the concomitant variations in muscle mass and 

muscle performance with age in the same subjects, thus introducing the likelihood of inter-

individual variability. However, the wide age range of these patients with obesity may offer a 

practical method to assess the prevalence variation with age in the general population and, by 

extension, in subjects with obesity. In the future, our results should nevertheless be confirmed 

in a longitudinal study, which would also provide more precision on the gradual changes that 

occur due to aging. The prevalence of SO was low in our population, which may have limited 

the possibility of identifying other factors associated with this disease in this population. 

 

5. Conclusions 
 

In conclusion, our results suggest that, with aging, women with obesity present an increase in 

truncal LTM and FM to the detriment of the lower limbs, leading to a lower ALM index at an 

older age. A progressive decrease in muscle performance (strength and function) was 

concomitantly observed. The conjunction of muscle mass and muscle performance 

deterioration resulted in an increase in the prevalence of SO, which nevertheless remained 

low in these subjects with obesity, even in those older than 60 years. Muscle mass rather than 

BMI or FM was positively correlated with muscle strength. The evidence of a moderately 

mediated effect of muscle mass should encourage us to look for other clinically measurable 

parameters associated with muscle strength. 
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