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Definition of an adapted cut‑off 
for determining low lean tissue 
mass in older women with obesity: 
a comparison to current cut‑offs
Laurent Maïmoun1,2,9*, Chris Serrand3, Thibault Mura3, Eric Renard4, David Nocca5, 
Patrick Lefebvre4, Vincent Boudousq6, Antoine Avignon7,8, Denis Mariano‑Goulart1,2 & 
Ariane Sultan2,6

The prevalence of sarcopenia in patients with obesity varies according to the definition used. The 
purpose of our study was to: (i) determine the prevalence of sarcopenia in terms of lean tissue mass in 
older women with obesity using the current cut‑offs, (ii) redefine a specific cut‑off for low lean tissue 
mass (LLTM), and (iii) re‑determine the prevalence of LLTM using this new cut‑off. Appendicular lean 
mass (ALM) and the ALM index [ALM/height2: ALMI(h2)] and ALMI/body mass index [ALMI(BMI)] were 
determined in 791 women with or without obesity. LLMM prevalence was calculated using the current 
cut‑offs: EWGSOP2: ALM < 15 kg and ALMI(h2) < 5.5 kg/m2; FNIH: ALM < 15.02 kg and ALMI(BMI) < 0.51; 
and IWGS: ALMI(h2) < 5.67 kg/m2 and cut‑offs newly determined from data provided from young 
women with obesity. ALM, ALMI(h2) and ALMI(BMI) were lower in older compared to young obese 
women. Using the current cut‑offs, a wide distribution of LLTM prevalence (0 to 29.2%) was observed. 
When the newly determined cut‑offs were applied – i.e., ALM < 18.51 kg; ALMI(h2) < 7.15 kg/m2, 
ALMI(BMI) < 0.483, and T‑score: [(ALMI(h2) measured)‑(2.08 + 0.183*BMI)]/0.72] − the LLTM mass 
prevalence was 17.37%; 8.47, 14.8 and 12.71%. respectively. This study showed that the current cut‑
offs for LLTM as criteria for sarcopenia diagnosis are not adapted to the obese population. Although 
the new “static” cut‑offs appeared to be more adapted, a “dynamic” cut‑off for ALMI(h2) that took into 
account the BMI and thus the obesity severity appeared even more relevant.

Aging is associated with a gradual change in body composition characterized by a decrease in muscle mass and 
a relative increase in fat mass (FM). This has mostly been documented in normal-weight  individuals1–4. The 
decrease in muscle mass can lead to sarcopenia, a syndrome characterized by the progressive and generalized 
loss of skeletal muscle mass, with aging inducing weakness or poor physical  performance5. Sarcopenia has seri-
ous consequences for health, such as physical disability, poor quality of life, increased risk of falls and fractures, 
and institutionalization, which all heighten the mortality  risk5–7. The European Working Group on Sarcopenia 
in Older People (EWGSOP) recently published an updated consensus definition using a diagnostic algorithm 
(EWGSOP2); it is based on measurements of muscle strength by handgrip strength and physical performance 
by gait  speed8. A concomitant evaluation of muscle quantity or mass is also recommended, that can be estimated 
by variety of techniques such as magnetic resonance imaging (MRI) and computed tomography (CT) that are 
considered to be the gold standards methods. However, these tools are not commonly used in primary care 
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because of high equipment costs and dual-energy X-ray absorptiometry (DXA), or bioelectrical impedance 
analysis (BIA) as an alternative second choice, are recommended to assessed body  composition8,9.

Although sarcopenia in most individuals is largely attributable to aging (primary), it may be secondary to a 
systemic disease, physical inactivity or the inadequate intake of energy or  protein8, and it has been associated 
with obesity. Indeed, obesity, which is characterized by excessive FM as a percentage of body weight associated 
with a relative increase in lean tissue mass (LTM)10, may exacerbate sarcopenia through fat infiltration into mus-
cle, thereby lowering physical  function11. The combination of these two unfavorable situations has been called 
“sarcopenic obesity”12, although despite recently increased interest, the prevalence of sarcopenic obesity remains 
unclear. This was pointed out by Batsis et al.13, who reported that the sarcopenic obesity prevalence for women 
ranged from 3.6 to 94% when eight separate definitions of skeletal muscle mass were applied to a representative 
NHANES sample of non-institutionalized individuals with obesity aged 60 years or  older13. This wide variability 
can be explained by several factors, notably the cut-offs to define obesity and sarcopenia, suggesting the need for 
consensual  criteria14. Recently, a consensus paper on sarcopenic obesity was published, underlining the current 
limited knowledge and encouraging efforts to improve the methods of identifying and treating affected  patients9 
for use in routine care  settings15.

It is likely that the cut-offs for low  LTM5,8,16 used in the general population are not transposable to patients 
with obesity. Although few data are  available17, it appears that subjects with obesity present a specific change 
in body composition with aging. For example, we recently reported that although women with obesity showed 
a localized redistribution of body FM and LTM with  aging18, none presented sarcopenia when the cut-offs for 
appendicular lean mass index [appendicular lean mass/height2: ALMI(h2) < 5.5 kg/m2 for women] defined by the 
EWGSOP2 were  applied8. Two questions arose from this observation: (i) Do patients with obesity develop sar-
copenia? and (ii) Are the cut-offs currently used appropriate for this population? The reduction in the ALMI(h2) 
observed in these patients, which has been validated as a criterion for identifying the sarcopenia of  aging18, points 
more to the possibility that the currently used cut-offs may be inappropriate. This also confirms the message 
from the EWGSOP2 and the ESPEN (European Society for Clinical Nutrition and Metabolism)/EASO (European 
Association for the Study of Obesity) statement, which underscores that sarcopenic obesity is a distinct  condition8 
that needs a precise definition and adapted cut-offs9,19.

The three aims of this study were therefore to: (i) determine the prevalence of low LTM − a criterion of sar-
copenia diagnosis − in older women with obesity applying commonly used cut-offs for muscle mass, (ii) build a 
new algorithm redefining low LTM in obese women with a new ALMI cut-off based on data from young French 
women and taking into account their body mass index, and (iii) re-determine the prevalence of low LTM by 
applying this new cut-off in a population of obese women 60 years or older.

Materials and methods
Participants. Women with obesity as defined by a body mass index (BMI) ≥ 30 kg/m2,20 were recruited con-
secutively between December 2010 and September 2020 in the Nutrition Clinic of the University Hospital of 
Montpellier, France, where they had been referred for metabolic and physical assessment of obesity or a medical 
check-up before bariatric surgery. We have focused our research on female patients because they constitute the 
majority of patients treated in our department and none had undergone bariatric surgery. The patients were sub-
divided into two groups according to age: young patients from 18 to 35 years old and patients 60 years or older.

Young premenopausal women (age range 18–35 years) with normal weight constituted the young healthy 
control group. These participants were recruited by local advertisement or from friends of patients who had 
agreed to participate. Individuals in the control group reported no history of obesity (BMI from 18 to 24.9 kg/
m2), diabetes mellitus, hypertension or dyslipidemia.

All investigations and measurements are described in detail  elsewhere18 and were performed in fasting condi-
tions in the morning (8:30–10 a.m.). The exclusion criteria were pregnancy, acute medical treatment, and any 
physical handicap (amputation, neurological lesion, orthopedic prosthesis) that might interfere with the body 
composition measurement. Moreover, participants with a body weight > 190 kg or height ≥ 192.5 cm were also 
excluded due to the limitations of the densitometry device. The medical history and menopausal status, when 
relevant, were obtained by questionnaire. The histories of smoking status and diabetes mellitus, as well as current 
medications, were also recorded.

For all participants, the standing height was measured with a stadiometer to the nearest 0.1 cm. The height 
and weight were measured with participants wearing light clothing and no shoes, and the BMI was calculated 
as the weight in kilograms divided by the square of the height in meters (kg/m2). The waist circumference was 
recorded to the nearest 0.1 cm midway between the last rib and the crest of the ileum using a non-stretch tape 
measure. These two measurements were performed only in the subjects with obesity.

Comorbidities were defined according to the usual definitions:
Type 2 diabetes was defined as HbA1c ≥ 6.5%, and/or fasting glycemia ≥ 7 mmol/L, and/or antidiabetic 

 treatment21.
Arterial hypertension (HTA) was defined as systolic blood pressure > 140 mmHg, and/or diastolic blood 

pressure > 90 mmHg, and/or use of anti-hypertensive  medications22.
All the data on demographics and clinical characteristics were collected by the endocrinologist referents for 

obesity care.

Participant consent. All participants gave written informed consent. The study was performed according 
to the principles of the Declaration of Helsinki and was approved by the local ethics committee (CPP Sud-
Méditerranée IV, Montpellier, France). The data of all participants were entered into a registry and included 
anthropometric, clinical and biological information and body composition determination (NDC-2009-1052). 
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This study was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki 
and its later amendments.

Body composition determination. The procedure is described elsewhere in  detail23. The soft tissue 
[(FM, kg), (FM,%) and (LTM, kg)] were measured using DXA (Hologic QDR-4500A, Hologic, Inc., Waltham, 
MA). Data at each localized site (upper limbs, trunk, and lower limbs) were derived from the whole-body scan. 
The trunk was defined as the whole body excluding limbs and head. All scanning and analyses were performed 
by the same operator to ensure consistency after following standard quality control procedures. Quality control 
for DXA was checked daily by scanning a lumbar spine phantom consisting of calcium hydroxyapatite embed-
ded in a cube of thermoplastic resin (DPA/QDR-1; Hologic x-caliber anthropometrical spine phantom). The 
coefficient of variation (CV) given by the manufacturer was < 1% for LTM and FM.

Currently used cut‑offs for the definition of low LTM. Appendicular lean mass (ALM; kg) was 
defined as the sum of the LTM of the arms and legs, as described by Heymfield et al.24. The ALM index was 
defined as ALM/height2 [ALMI(h2); kg/m2] to eliminate differences in ALM associated with greater height 
in younger  adults25 or as ALMI/body mass index [ALMI(BMI)]. As ALMI thresholds for defining sarcopenia 
may vary between ethnic groups, like Asian and  Caucasian26,27, we chose to use the most frequently adopted 
muscle mass cut-offs for the definition of sarcopenia for Caucasian women. First, EWGSOP2 defined two cut-
offs: ALM < 15  kg and ALMI(h2) < 5.5  kg/m2, which together form the most widely accepted definition for 
 sarcopenia8. Second, for the Foundation for the National Institutes of Health (FNIH), the cut-points for low 
LTM are ALM < 15.02 kg and ALMI(BMI) < 0.51228. These cut-offs were based on the analyses of several cohorts 
of community-dwelling older  women16. The FNIH project chose a data-driven process, where the cut-point for 
low muscle mass was based on the risk of weakness and not relative to a healthy young reference population, as 
in the EWGSOP definitions. FNIH uses ALM with the recommendation to adjust for body mass index (BMI), 
low grip strength to define weakness, and low gait speed to define slowness. Third, the International Working 
Group on Sarcopenia (IWGS) defined sarcopenia as ALMI(h2) < 5.67 kg/m229.

Validation of low LTM cut‑offs from young French non‑obese women. As recommended in pre-
vious  publications8, and because the French and American populations might differ in terms of BMI and body 
composition, we re-estimated the threshold values to define low LTM in order to adapt them to our local French 
population. We used the method proposed by Baumgartner et al.25 that consists of estimating the mean values 
of ALM and ALMIs in young adult women controls (CON) from 18 to 35 years old with normal weight (18 kg/
m2 ≤ BMI ≤ 25 kg/m2). Cut-offs for low LTM were defined as values 2 standard deviations below the sex-specific 
means of the ALM, ALMI(h2) and ALMI(BMI) reference data for young adult women without obesity.

Determination of new low LTM cut‑offs from young French women with obesity. To determine 
the new low LTM cut-off values for patients with obesity, we adapted the method proposed by Baumgartner 
et  al.25 and estimated the mean values of ALM and ALMIs in young adult women with obesity (from 18 to 
35 years old with BMI > 30 kg/m2) rather than in healthy young women with normal BMI. Cut-offs for low 
LTM were defined as values 2 standard deviations below the sex-specific means of the ALM, ALMI(h2) and 
ALMI(BMI) reference data for young adult women with obesity.

Last, because it seemed likely that ALM and ALMI(h2) [and even ALMI(BMI)] would be dependent on BMI, 
we sought to define a dynamic threshold for low LTM adapted to the BMI of obese women. We therefore used a 
linear regression model to estimate an equation for this population of young women with obesity to determine 
the mean value (= expected value) of ALMI(h2) depending on BMI. The dynamic thresholds for low LTM were 
set at -2 standard deviations of the residuals of the linear model from the expected value of ALMI(h2) for the 
calculated BMI.

Statistical analysis. Patient characteristics are described as proportions for categorical variables and as 
means ± standard deviations (SD) for quantitative variables. Comparisons between groups were made using 
ANOVA or Student’s t-test for quantitative variables or the Kruskal–Wallis or Mann–Whitney test when the dis-
tribution of variables was identified as non-Gaussian. We also compared the groups two by two using Student’s 
t-test or the Mann–Whitney U-test. Qualitative variables were analyzed using the Chi2 test. The Tukey–Kramer 
procedure accounted for the inflation of alpha risk associated with multiple comparisons. Given that any differ-
ence in body composition between the two obesity groups might be due to differences in weight and height, we 
used a multivariate linear regression model to calculate the adjusted means for these two covariates.

We then applied the definitions and cut-offs of low LTM for sarcopenia diagnosis to our population of older 
adults with obesity in order to observe the differences in estimates of low LTM prevalence obtained with these 
indicators. Finally, to calculate our dynamic threshold, we used a linear regression model to estimate the rela-
tionship between ALMI(h2) and BMI. The results of the equation allowed us to define a T-score based on the 
difference between the observed and expected (model-predicted) values of ALMI(h2), divided by the standard 
deviation of the residuals of the linear model.

This T-score test was used to quantify the severity of sarcopenia. Patient were considered to have an abnormal 
value if their measure was greater or lower than the prediction ± 2 Standard deviation (SD).

T− score =

[(

ALMI
(

h2
)

measured
)

−

(

ALMI
(

h2
)

predict by the model
)]

/

(standard deviation of the residuals of the model)
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Statistical analyses were performed at the conventional two-tailed α level of 0.05 using SAS version 9.4 (SAS 
Institute, Cary, NC).

Results
Participant characteristics. The sample included 791 Caucasian women with an age distribution from 18 
to 81.9 years. Women with obesity (n = 699) were subdivided in two subgroups according to age. Women from 
18 to 35 years old constituted the “young adults with obesity group” (n = 463; mean age 26.6 ± 4.8 years) while 
women from 60 to 81.9 years old (n = 236; mean age 66.8 ± 4.6 years) constituted the “older adults with obesity 
group” (Fig. 1). Most of the participants had a long-standing history of obesity (> 5 years). Ninety-two young 
women with normal weight and from 18 to 35 years old constituted the control group (mean age 23.2 ± 3.2 years).

The baseline anthropometric characteristics and the comparisons between groups according to obesity status 
and age are summarized in Table 1. Physical activity levels were not specifically determined. Nevertheless, the 
control and patient groups consisted of individuals who performed only leisure physical activities for less than 
one hour per week. Moreover, none of the patients was enrolled in a training program on the day of inclusion.

The whole-body and localized LTM and FM are presented in Table 2. For all body composition parameters and 
low LTM indices [ALM and ALMI(h2)], the control group presented systematically lower [ALMI(BMI) excepted] 
values than the women with obesity, regardless of age. Young women with obesity presented higher whole-body 
and lower limb FM, and higher whole-body, trunk, upper limb and lower limb LTM. Further, low LTM indices 
[ALMI(BMI) excepted] were higher than those of the older women with obesity. As the difference in LTM and 
FM between the two obesity subgroups could have been due to weight and height differences, adjustment on 
these two covariables was performed (Fig. 2). Although whole-body FM and whole-body LTM were comparable 
between the two groups, trunk FM, upper limb FM, and trunk LTM remained lower in the young women with 
obesity compared with the older women. Conversely, upper limb LTM, lower limb LTM and ALM were higher.

Prevalence of low LTM in older women with obesity with the currently used cut‑offs. The 
prevalence of low LTM in the older women with obesity was estimated according to the different definitions 
retained for Caucasian  women8,28,29 and is presented in Table 3. Our results indicated a wide distribution of low 
LTM prevalence in these older women, ranging from 0% according to EWGSOP2 and IWGS to 29.2% according 
to FNIH.

Prevalence of low LTM in older women with obesity using cut‑offs calculated from young 
French women with normal body weight. We next used the data from the young normal-weight 
women to validate the current cut-offs for ALM, ALMI(h2) and ALMI(BMI) (Table 3). No older patients with 

2006 pa�ents referred for 
metabolic and physical
assessment of obesity

484 Excluded: men

1522 women

699 women included
[463 women with age
ranging from 18 to 35 
years and 236 women
with age ≥ 60 years]

375 Excluded: no DXA
available or unusual.
Presence of prothesis.
23 Excluded: body mass index
< 30 kg/m².
425 Excluded: age < 18 years
or age > 35 and < 60 years.

Figure 1.  Study population with obesity.
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obesity presented low LTM when the cut-offs for ALM (12.88 kg) and ALMI(h2) (5.0 kg/m2) were calculated 
from normal-weight young women, while the prevalence was 83.1% when ALMI(BMI) (< 0.614) was used.

Prevalence of low LTM in older women with obesity using cut‑offs calculated from young 
French women with obesity. In these same older women with obesity, the low LTM prevalence was, 
respectively, 17.37 and 8.47% when the ALM (18.51 kg) and ALMI(h2) (< 7.15 kg/m2) cut-offs were calculated 
from young women with obesity, whereas it was 14.8% when ALMI(BMI) (< 0.483) was used.

To understand this wide range of low LTM prevalence, we studied the distribution of ALMI(BMI) according 
to BMI in each group (Fig. 3). These data confirmed the reduction in ALM with age in the patients with obesity, 
because whatever the BMI, the older women presented lower ALMI(BMI) values than the young women. Nev-
ertheless, the regression curve also showed that ALMI(BMI) was greatly influenced by BMI. Further, the FNIH 

Table 1.  Demographic and health characteristics regarding age group and obesity status. Data are presented as 
the mean ± standard deviation. HTA arterial hypertension. Body mass index for young healthy controls ranged 
from 18 kg/m2 ≤ BMI ≤ 25 kg/m2 and was ≥ 30 kg/m2 in patients with obesity. We used the Tukey–Kramer 
procedure to control for the multiple comparison problem. * denotes a significant difference compared to the 
18–35 normal-weight women group. § denotes a significant difference compared to 18–35 young women with 
obesity group.

Young healthy subjects Young patients with obesity Older patients with obesity

Number of participants (n) 92 463 236

Age (years) 23.2 ± 3.2 26.6 ± 4.8 66.8 ± 4.6

Clinical characteristics

Weight (kg) 60.6 ± 7.3 109.4 ± 14.6* 100 ± 15.8*§

Height (m) 1.66 ± 0.06 1.64 ± 0.06 1.59 ± 0.06*§

Body mass index (kg/m2) 22 ± 2.3 40.6 ± 5.1* 39.7 ± 5.6*

Waist circumference (cm) – 111.5 ± 14.4 114.3 ± 11.9§

Hip circumference (cm) – 128.4 ± 11.4 125.1 ±  13§

Comorbidities

HTA (number; %) – 13 (2.8%) 166 (70.3%)§

Diabetes (number; %) – 25 (5.4%) 115 (48.7%)§

Table 2.  Whole body, truncal and appendicular fat mass and lean tissue mass in women regarding age group 
and obesity status. Data are presented as the mean ± SD. Body mass index for young healthy controls ranged 
from 18 kg/m2 ≤ BMI ≤ 25 kg/m2 and was > 30 kg/m2 in patients with obesity. ALM appendicular lean mass; 
ALMI appendicular lean mass index [ALMI(h2): ALM/height2 and ALMI(BMI): ALM/BMI)]; BMI body mass 
index (weight/height2). We used the Tukey–Kramer procedure to control for the multiple comparison problem. 
*denotes a significant difference compared to the 18–35 normal-weight women group. § denotes a significant 
difference compared to 18–35 women with obesity group.

Young healthy individuals Young patients with obesity Older patients with obesity

Number of participants (n) 92 463 236

Fat mass

Whole body (kg) 17.6 ± 4.2§ 50.6 ± 9.3* 46.4 ± 10.7*§

Whole body (%) 28.9 ± 4.7§ 45.5 ± 4.0* 45.4 ± 4.4*

Trunk (kg) 6.6 ± 1.9 24.1 ± 5.2* 23.8 ± 5.6*

Upper limbs (kg) 2.1 ± 0.6 6.1 ± 1.4* 6.1 ± 2.8*

Lower limbs (kg) 8.1 ± 2.0 19.6 ± 6.2* 16.1 ± 9.1*§

Lean tissue mass

Whole body (kg) 40.8 ± 4.6 57.8 ± 7.4* 52.9 ± 6.8*§

Trunk (kg) 20.2 ± 2.4 28.9 ± 4.4* 27.8 ± 4.7*§

Upper limbs (kg) 4.0 ± 0.6 5.6 ± 1.0* 5.0 ± 0.9*§

Lower limbs (kg) 13.6 ± 1.9 20.1 ± 2.9* 16.8 ± 3.0*§

Sarcopenic index

ALM (kg) 17.6 ± 2.3 25.6 ± 3.6* 21.8 ± 3.5*§

ALMI(h2) (kg/m2) 6.4 ± 0.7 9.5 ± 1.2* 8.7 ± 1.2*§

ALMI(BMI) 0.80 ± 0.1 0.64 ± 0.08* 0.55 ± 0.07*§
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cut-off used for ALMI(BMI), which is a fixed value, tended to over-detect low LTM in patients with severe obesity 
(regression slope negative and significantly different from 0 in all three groups).

The relationship between ALMI(h2) and BMI in the three groups is illustrated in Fig. 4. A linear relationship 
between ALMI(h2) and BMI can be observed in each of the three groups, with the apparent continuity of the 
regression line for “non-obese youth” and “obese youth.” The line for the “older adults with obesity” group was 
almost parallel to that of the “young adults with obesity” but with a lower expected value of ALMI(h2) for a given 
BMI. The modeled ALMI(h2) values according to BMI in the young obese women resulted in the determination 

0

10

20

30

40

50

60

70

<35 years >60 years

***
***

***

**

**

***

*

Figure 2.  Comparision of fat mass and lean tissue mass adjusted on weight and height between young and 
older women with obesity. Data are presented as mean ± SD. WB: whole body; FM: fat mass; LTM: lean tissue 
mass; ALM: appendicular lean mass * indicates a significant difference between the two groups for p < 0.05, ** 
for p < 0.01 and  *** for p < 0.001 .

Table 3.  Prevalence of low ALM-ALMI(h2)-ALM/BMI in older patients with obesity using different currently 
used and newly determined cut-offs. Data are presented as number (percentage; %) of older patients with 
obesity. EWGSOP2 European Working Group on Sarcopenia in Older People; IWGS the International Working 
Group on Sarcopenia; FNIH The Foundation for the National Institutes of Health; ALM appendicular lean 
mass; ALMI appendicular lean mass index [ALMI(h2): ALM/height2 and ALMI(BMI): ALM/BMI)]; BMI body 
mass index (weight/height2). SD standard deviation.

Reference used Diagnostic criteria Cut-offs points
Prevalence of low ALM-ALMI in older obese 
patients, n (%)

Cut-offs from previous studies

EWGSOP2 ALM  < 15 kg 3 (1.27%)

EWGSOP2 ALMI(h2)  < 5.5 kg/m2 0 (0%)

IWGS ALMI(h2)  < 5.67 kg/m2 0 (0%)

FNIH ALMI(BMI)  < 0.512 69 (29.2%)

Cut-offs calculated from our population (18–35 years)

Validation of thresholds currently used from young non-obese women data

ALM (-2 SD) 12.88 kg 0 (0%)

ALMI(h2) (-2 SD)  < 5.0 kg/m2 0 (0%)

ALMI(BMI) (-2 SD)  < 0.614 196 (83.1%)

Determination of new thresholds from young obese women data

ALM (-2 SD)  < 18.51 kg 41 (17.37%)

ALMI(h2) (-2 SD)  < 7.15 kg/m2 20 (8.47%)

ALMI(BMI) (-2 SD)  < 0.483 35 (14.8%)

Dynamic thresholds based on our new T-score

T-score = [ALMI(h2)—(2.08 + 0.183*BMI)] / 0.72 < 2.0 30 (12.71%)
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of the following equation for the expected normal value of ALMI(h2): ALMI(h2) predict = 2.08 + 0.183 * BMI, 
with the normal values of ALMI(h2) being included in the interval “ALMI(h2) predict  ± 1.44” (± 2 SD of the 
residual of the model). Consequently, older patients with obesity with ALMI(h2) < 0.64 + 0.183* patient’s BMI 
were defined as low LTM.

For more complete information about the severity of low LTM, we used this equation to calculate a “T-score” 
for each patient, which directly represented the deviation from the reference values:

T - score = [(ALMI
(

h2
)

measured) − (2.08 + 0.183 ∗ BMI)] / 0.72

Figure 3.  Regression curve of ALB/BMI accordibg to BMI values and obesity status. ALM: appendicular lean 
mass (sum of the lean soft tissue mass for the arms and legs), BMI: body mass index; FNIH: foundation for the 
national institutes of health. CON: young women with normal weight; OB ≤ 35: young women (18–35 years) 
with obesity; OB > 60: older women (> 60 years) with obesity.

Figure 4.  Linear regression explaining the ALMI of young obsese patients according to the BMI. ALMi: 
appendicular lean mass (sum if the lean soft tissue mass for the arms and legs)/height2, BMI: body mass index. 
CON: young women with normal weight; OB ≤ 35: young women (18–35 years) with obesity; OB > 60: older 
women (> 60 years) with obesity. Patients with ALMI < 0.6428224 + 0.18281*patient’s BMI can therefore be 
considered to be sarcopenic.
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Thus, patients with a T-score lower than -2 SD were considered to have low LTM. When this new cut-off value 
was applied to our population, the low LTM prevalence in the older patients with obesity was 12.71% (n = 30). 
The T-scores for the young and older adults with obesity are shown in Fig. 5.

Discussion
This study described the wide variation in low LTM values among older women with obesity, depending on the 
cut-offs used. However, although ALMI(h2) and ALMI(BMI) were lower in the older than in the younger obese 
women, the older women with obesity presented no or few cases of lower LTM − a parameter included in the defi-
nition of sarcopenia − for most of these current cut-offs. These findings confirmed that the current cut-offs used 
to diagnose low LTM in the general older population are not adapted to French older women with obesity. The 
development of new cut-offs, calculated from young obese women with the same disease, may be better adapted.

The body composition changes with aging have been well-described in the normal-weight population and are 
primarily characterized by a decrease in muscle mass and an increase in  FM1,3,4. However, the model of change 
in subjects with obesity remains insufficiently known. To our knowledge, only one study using NHANES data 
tried to model the age-related changes in segmental body composition (SBC) according to BMI (from normal 
weight to obese). These authors assumed that there is a constant BMI-related difference in SBC in all age  classes17 
and thus that all the BMI categories share the same trends for aging. On the basis of this study and other recently 
published  data18, our group found that although whole-body LTM and FM evaluated by DXA were relatively 
constant with aging, individuals with obesity presented a localized redistribution of these two components. More 
specifically, the older obese group presented lower LTM and FM at appendicular sites, particularly in the lower 
limbs, and higher LTM and FM at the central body compared to the younger obese  group18.

Part of this body composition variation with age could be attributed to the change in the anthropometric 
parameters, as the weight and height were lower in the older adults with obesity. This was due not only to the age-
related decline in stature, but also to a generational gap (a trend for a steady increase in the stature of European 
women in the last 80 years has been  reported30,31). However, the adjustment on these two covariables did not 
modify our results, suggesting a reduction in LTM with age in the obese population. Despite our finding that LTM 
was lower in the older obese women compared to the younger obese group, none of the patients presented with 
low skeletal muscle mass when the various currently used cut-off definitions were applied, including those from 
EWGSOP2 [ALMI(h2) < 5.5 kg/m2]8 and IWGS [ALMI(h2) < 5.67 kg/m2]29. We assumed that the cut-offs used 
in our study would be fully applicable to Caucasian women and therefore that their use would not constitute a 
methodological bias. Further, ethnicity has been acknowledged to be an important explanation for the big gaps in 
cut-off points among different study  populations14,32,33 . To confirm our assumption, we recalculated the cut-offs 
using the method of Baumgartner et al.25, with -2 SD of the reference values from young French normal-weight 

Figure 5.  ALMI T-score determined in young and older women with obesity. ALMI: appendicular 
lean mass index (sum of the lean soft tissue mass for the arms and legs)/height2; SD: standard deviation. 
T-score was calculated as follows: [(ALMi measured) − (ALMI predict)]/(standard deviation) with ALMI 
predict = 2.07996 + 0.1828*BMI and SD = 0.7180668. Patients were considered sarcopenic when ALMI 
T-score <  − 2DS.



9

Vol.:(0123456789)

Scientific Reports |        (2022) 12:16905  | https://doi.org/10.1038/s41598-022-21258-5

www.nature.com/scientificreports/

women of a similar ethnic group. The cut-off for ALMI(h2) was 5.0 kg/m2, which was roughly comparable to those 
reported by EWGSOP2 and  IWGS8,29, the Rosetta study (< 5.5 kg/m2)25, the Health ABC study (5.67 kg/m2)34, 
and in Italy (4.82 kg/m2)30. Our results confirmed that the currently used cut-offs in this study are applicable to 
our regional population. However, none of our older subjects apparently suffered from low LTM, which should 
prompt us to question the reality or myth of the development of this disease in this specific population. Only our 
results concerning ALMI(BMI) (< 0.614) seemed to overestimate the prevalence of low LTM compared to the 
cut-off provided by FNIH (< 0.512), and this may be attributed to the different BMI of the reference population.

As mentioned above, the reduction in LTM, ALM and ALMI(h2) points more to an inability of the commonly 
used cut-offs to identify subjects with low LTM. The higher LTM and ALMI(h2) values in the older patients 
compared to those of the normal-weight controls reinforced the crucial need for the definition of new thresholds 
for sarcopenic obesity adapted to this population by taking into account the specificity of the anthropometric 
characteristics of patients with  obesity18.

In this context, Batsis et al.14 recommended the development of obese population-specific thresholds to 
identify older adults who have sarcopenia in terms of muscle mass. In this study, we calculated new cut-offs for 
the first time from a large group of representative young French women with obesity. As these young patients 
presented higher total and appendicular LTM compared with healthy controls, a higher ALMI(h2) cut-off was 
obtained (i.e., 7.51 kg/m2), necessarily leading to an increase of the prevalence of low LTM to 8.47%. The ques-
tion that remains is the following: Is this new prevalence of the same magnitude as that found in older normal-
weight subjects? It is difficult to precisely answer this as many factors influence low LTM onset, progression and 
 diagnosis35. Moreover, it was demonstrated that the prevalence varies with age 12, methods of evaluation (DXA 
or bioelectrical impedance)36, and the cut-offs  used14. A meta-analysis of 19 studies demonstrated an overall 
low LTM prevalence of 17% of older Brazilians aged ≥ 60  years37. In a multicenter study of healthy older women 
(mean age 74.4 years) in five European countries (including France), the prevalence of low muscle mass was 
varied between 0.3 and 14.9% according to the cut-off used for ALMI/height2 (11.4% for ALMI(h2) < 5.45 kg/
m2)38. Using the same diagnostic criteria, this prevalence increase in geriatric outpatients (mean age 81.1 years) 
from 2.4 to 22.8% (22% for ALMI/(h2) < 5.45 kg/m2)38. Park et al.39 reported that the prevalence of low LTM using 
different cut-offs for ALMI(h2) ranged from 18.5 to 33.3% in postmenopausal women with ages ranging from 
60 to 70 years. Finally, Baumgartner et al.25 reported that the low LTM prevalence defined as ALMI < 5.45 kg/m2 
was 23.1% in people under 70 years, but it increased with age to reach 30% to 50% in women older than 80 years 
25,40,41. When older subjects with obesity were specifically studied, the prevalence of low LTM using the current 
cut-offs was systematically lower than in the general (non-obese) population. In a study using the EWGSOP2 
criteria and an obesity definition from the fat percentile method, Bahat et al.42 recently reported a prevalence of 
approximately 4% of sarcopenia obesity in obese older subjects (60–99 years) when skeletal muscle mass (SMM) 
evaluated by BIA was adjusted by BMI and 0.2% when SMM was adjusted by  height2. Moreover, these authors 
underlined that among sarcopenic patients, obesity may have a protective effect against the limitations of some 
functional measures, indicating a probable protective effect of obesity in sarcopenic  individuals42. Using cut-offs 
comparable to those used in our study, Zoico et al.43 observed than 12% of these participants, all older Italian 
women, presented low LTM and obesity concomitantly. Finally, in a recent meta-analysis that included 40 studies, 
Gao et al.44 found that the global prevalence of sarcopenic obesity was 15% (14% for women and 10% for men), 
when muscle mass alone was used for the definition. Interestingly there were no significant differences in the 
prevalence of sarcopenic obesity among studies using different criteria for obesity  definition44.

Although our results do not seem to be complete outliers, establishing new cut-offs for low LTM diagnosis in 
patients with obesity is not easy, and the choice of ALMI  (h2 or BMI) -2 SD from young patients merits discus-
sion. There is an ongoing debate about the preferred adjustment [ALMI(h2), ALM/weight or ALMI(BMI)] and 
whether the same method can be used for all  populations45. Also, it is unknown whether patients with obesity 
have the same time course for muscle loss as normal-weight subjects. We demonstrated that the bone loss with 
aging is reduced in women with obesity compared with normal-weight  patients46. Also, as muscle mass was 
found to be independently associated with bone  mass46 and its loss often accompanies bone  loss47, it is probable 
that the loss of muscle mass was also reduced in these patients. Conversely to our hypothesis, a very recent study 
reported that the difference in ALMI(h2) between premenopausal (6.6 kg/m2) and late postmenopausal (6.1 kg/
m2) non-obese women was also around 8%39. In a non-obese population, Kyle et al.3 reported a lower reduc-
tion of 3.4% for ALMI(h2) in women 60 to 74 years old compared to women 18 to 34 years old. Nevertheless, 
their strict selection of participants without mobility problems and a relatively high practice of regular physical 
exercise may explain the limited loss of LTM. In our study, it is probable that the higher body weight of the older 
women with obesity partially masked the reduction in LTM. Only a prospective study concomitantly compar-
ing pre- and postmenopausal women with and without obesity would allow us to draw conclusions, but to our 
knowledge this type of study has not been done.

As previously  reported14,38, our study highlighted that the prevalence of low LTM in patients with obesity in 
terms of muscle mass is highly dependent on the set of diagnostic criteria that is applied, with values ranging 
from 0 to 84.7%. We must keep in mind that, like the currently used cut-offs, the “static” cut-offs calculated from 
the young obese population in our study may have similar limitations and simply shift the problem between 
obesity levels. This was suggested by the observation that the highest prevalence was observed when the cri-
teria were related to BMI [i.e., ALMI(BMI)]. It is thus probable that these new cut-offs do not identify the low 
LTM prevalence in the same fashion according to obesity severity. The prevalence of low LTM in patients with 
obesity is then gradually underestimated by ALM and ALMI based on BMI, while it is overestimated by ALM/
BMI. These biases were also observed in the control group (see Fig. 2). To limit the likely effect of BMI in the 
obese population, we calculated a dynamic threshold for low LTM adapted to BMI. This new cut-off, calculated 
using the absolute ALMI(h2) values or measured directly by the T-score − which can easily be used by the medi-
cal community − identified low LTM in 12.71% (n = 30) of the older women with obesity. Last, the low LTM 
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prevalence obtained with this new cut-off was situated between the prevalence obtained from ALMI(h2), 8.47%, 
and ALM(BMI), 14.0%, calculated from the reference values of the young women with obesity. It is clear that this 
dynamic cut-off adapted to BMI presents a clear advantage compared to the static values because it is adapted 
to all types of obesity severity. Moreover, this dynamic threshold for ALMI(h2) may also be used in non-obese 
populations to avoid a potential underdiagnosis in the highest “normal” BMI or for overweight subjects. Nev-
ertheless, to definitively conclude that this dynamic cut-off is superior to static cut-offs, a stronger association 
with adverse outcomes such as decreased functionality or physical performance will need to be demonstrated.

Study limitations. In interpreting the study findings, some limitations should be considered. The main 
limitation is the cross-sectional design that may have introduced generational bias, such as weight and height 
variations. Nevertheless, adjustment on these two covariables did not deeply influence the results. In addi-
tion, although it was demonstrated that the parameters reflecting lean body mass changed at a faster rate after 
60  years3, the relatively limited number of 75- to 80-year-old patients in our study, who generally have the high-
est prevalence of sarcopenia in terms of muscle mass 25,40,41, might limit the scope of our study to the investigated 
age group (i.e., 60–75 years). In the current study, it should also be noted that only muscle mass was evaluated, 
which is less associated with functional decline and other adverse outcomes than muscle strength  decrease48. In 
addition, conversely to computed tomography, DXA, which is the gold standard for analyzing LTM, is unable to 
directly measure muscle mass and muscle fat infiltration, which reflects muscle  quality49. Although a new ALMI 
 (h2) cut-off was defined in this study, it should be used with caution. As Delmonico et al.50 demonstrated, this 
index has limited applicability for subjects with obesity because it underestimates sarcopenia. The appendicular 
LTM normalized for body weight or BMI may be more adapted in the obese  population8,9,42. Finally, we chose the 
methodology most often used by the  WHO20, which defines obesity as BMI ≥ 30 kg/m2, as recommended by the 
recently published consensus statement for criteria for sarcopenic  obesity9. Nevertheless, this consensus under-
lines “that future research should aim at defining the best cut points to be considered in research and clinical 
practice concerning sarcopenic obesity.” Threshold methodologies of body fat percentage (> 41% in females)41 or 
fat percentile above the 60th  percentile43 seem to be of interest in this context for several  authors42,43,51. It will be 
interesting to evaluate whether the prevalence of low LTM varies according to the BMI or fat percentage defini-
tion for obesity.

Study strengths. To our knowledge, this is the first study that has sought to generate new adapted cut-offs 
of low LTM in older obese patients to help diagnose sarcopenic obesity in terms of muscle mass. These new 
cut-offs may be considered as robust because they were calculated from a large group of young obese women 
(n = 463) from the same country with the same disease. Moreover, another strength of our cut-offs is their poten-
tial utility in clinical practice, as they are simple and easily applicable. In addition, the development of a T-score 
(comparison with a young reference population) fully meets the expectations of the ESPEN/EASO consensus 
 statement9.

Conclusion
This study clearly showed that the current cut-offs used for low LTM diagnosis in the general population are 
not adapted to older women with obesity. Although ALMI(h2) was lower than in the younger obese population, 
no older women with obesity were diagnosed as low LTM. The development of new “static” cut-offs, such as 
ALMI(h2) calculated from young obese women with the same disease, may be better adapted. Moreover, the 
definition of a “dynamic” cut-off of ALMI(h2) that takes into account the severity of obesity and is adapted to 
the patient’s BMI may be even more relevant. However, before this new criterion is implemented in clinical rou-
tine, it will be necessary to determine its clinical interest and, in particular, whether it is correlated with muscle 
strength and physical disabilities.

Data availability
The datasets generated and/or analyzed during the current study are available from the corresponding author 
on reasonable request.

Received: 22 November 2021; Accepted: 26 September 2022

References
 1. Baumgartner, R. N., Stauber, P. M., McHugh, D., Koehler, K. M. & Garry, P. J. Cross-sectional age differences in body composition 

in persons 60+ years of age. J. Gerontol. A Biol. Sci. Med. Sci. 50, M307-316 (1995).
 2. Janssen, I., Heymsfield, S. B., Wang, Z. M. & Ross, R. Skeletal muscle mass and distribution in 468 men and women aged 18–88 

yr. J. Appl. Physiol. 1985(89), 81–88. https:// doi. org/ 10. 1152/ jappl. 2000. 89.1. 81 (2000).
 3. Kyle, U. G. et al. Age-related differences in fat-free mass, skeletal muscle, body cell mass and fat mass between 18 and 94 years. 

Eur. J. Clin. Nutr. 55, 663–672. https:// doi. org/ 10. 1038/ sj. ejcn. 16011 98 (2001).
 4. Coin, A. et al. Fat-free mass and fat mass reference values by dual-energy X-ray absorptiometry (DEXA) in a 20–80 year-old Italian 

population. Clin. Nutr. 27, 87–94. https:// doi. org/ 10. 1016/j. clnu. 2007. 10. 008 (2008).
 5. Cruz-Jentoft, A. J. et al. Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on 

Sarcopenia in Older People. Age Ageing 39, 412–423. https:// doi. org/ 10. 1093/ ageing/ afq034 (2010).
 6. Landi, F. et al. Sarcopenia and mortality risk in frail older persons aged 80 years and older: Results from ilSIRENTE study. Age 

Ageing 42, 203–209. https:// doi. org/ 10. 1093/ ageing/ afs194 (2013).
 7. Bischoff-Ferrari, H. A. et al. Comparative performance of current definitions of sarcopenia against the prospective incidence of 

falls among community-dwelling seniors age 65 and older. Osteoporos. Int. 26, 2793–2802. https:// doi. org/ 10. 1007/ s00198- 015- 
3194- y[pii] (2015).

https://doi.org/10.1152/jappl.2000.89.1.81
https://doi.org/10.1038/sj.ejcn.1601198
https://doi.org/10.1016/j.clnu.2007.10.008
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1093/ageing/afs194
https://doi.org/10.1007/s00198-015-3194-y[pii]
https://doi.org/10.1007/s00198-015-3194-y[pii]


11

Vol.:(0123456789)

Scientific Reports |        (2022) 12:16905  | https://doi.org/10.1038/s41598-022-21258-5

www.nature.com/scientificreports/

 8. Cruz-Jentoft, A. J. et al. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 48, 601. https:// doi. org/ 
10. 1093/ ageing/ afz046 (2019).

 9. Donini, L. M. et al. Definition and diagnostic criteria for sarcopenic obesity: ESPEN and EASO consensus statement. Clin. Nutr. 
41, 990–1000. https:// doi. org/ 10. 1016/j. clnu. 2021. 11. 014 (2022).

 10. Heber, D. et al. Clinical detection of sarcopenic obesity by bioelectrical impedance analysis. Am. J. Clin. Nutr. 64, 472S-477S (1996).
 11. Kalinkovich, A. & Livshits, G. Sarcopenic obesity or obese sarcopenia: A cross talk between age-associated adipose tissue and 

skeletal muscle inflammation as a main mechanism of the pathogenesis. Ageing Res. Rev. 35, 200–221. https:// doi. org/ 10. 1016/j. 
arr. 2016. 09. 008 (2017).

 12. Baumgartner, R. N. et al. Sarcopenic obesity predicts instrumental activities of daily living disability in the elderly. Obes. Res. 12, 
1995–2004. https:// doi. org/ 10. 1038/ oby. 2004. 250 (2004).

 13. Batsis, J. A., Mackenzie, T. A., Barre, L. K., Lopez-Jimenez, F. & Bartels, S. J. Sarcopenia, sarcopenic obesity and mortality in older 
adults: Results from the National Health and Nutrition examination survey III. Eur. J. Clin. Nutr. 68, 1001–1007. https:// doi. org/ 
10. 1038/ ejcn. 2014. 117 (2014).

 14. Batsis, J. A. et al. Variation in the prevalence of sarcopenia and sarcopenic obesity in older adults associated with differente research 
definitions: dual-energy X-ray absorptiometry data from the National health and nutrition examination survery: 1999–2004. J. 
Am. Geriatr. Soc. 61, 974–980 (2013).

 15. Zamboni, M., Mazzali, G., Fantin, F., Rossi, A. & Di Francesco, V. Sarcopenic obesity: A new category of obesity in the elderly. 
Nutr. Metab. Cardiovasc. Dis. 18, 388–395 (2008).

 16. Studenski, S. A. et al. The FNIH sarcopenia project: Rationale, study description, conference recommendations, and final estimates. 
J. Gerontol. A Biol. Sci. Med. Sci. 69, 547–558. https:// doi. org/ 10. 1093/ gerona/ glu010 (2014).

 17. Tian, S., Morio, B., Denis, J. B. & Mioche, L. Age-related changes in segmental body composition by ethnicity and history of weight 
change across the adult lifespan. Int. J. Environ. Res. Public Health https:// doi. org/ 10. 3390/ ijerp h1308 0821 (2016).

 18. Maimoun, L., Mura, T., Avignon, A., Mariano-Goulart, D. & Sultan, A. Body composition in individuals with obesity according 
to age and sex: A cross-sectional study. J Clin Med 9, 1188. https:// doi. org/ 10. 3390/ jcm90 41188 (2020).

 19. Batsis, J. A. & Villareal, D. T. Sarcopenic obesity in older adults: aetiology, epidemiology and treatment strategies. Nat. Rev. 14, 
513–537 (2018).

 20. (WHO)., W. H. O. Obesity and Overweight - Fact sheet Nº311. Available from: http:// www. who. int/mediacentre/factsheets/fs311/
en/. ([updated January 2015; May 2016]).

 21. Ray, K. K. et al. Effects of alirocumab on cardiovascular and metabolic outcomes after acute coronary syndrome in patients with or 
without diabetes: A prespecified analysis of the ODYSSEY OUTCOMES randomised controlled trial. Lancet Diabetes Endocrinol. 
7, 618–628. https:// doi. org/ 10. 1016/ S2213- 8587(19) 30158-5 (2019).

 22. Geldsetzer, P. et al. The state of hypertension care in 44 low-income and middle-income countries: A cross-sectional study of nation-
ally representative individual-level data from 1.1 million adults. Lancet 394, 652–662. https:// doi. org/ 10. 1016/ S0140- 6736(19) 
30955-9 (2019).

 23. Maimoun, L. et al. Body composition changes in the first month after sleeve gastrectomy based on gender and anatomic site. Surg. 
Obes. Relat. Dis. 13, 780–787. https:// doi. org/ 10. 1016/j. soard. 2017. 01. 017 (2017).

 24. Heymsfield, S. B. et al. Appendicular skeletal muscle mass: Measurement by dual-photon absorptiometry. Am. J. Clin. Nutr. 52, 
214–218 (1990).

 25. Baumgartner, R. N. et al. Epidemiology of sarcopenia among the elderly in New Mexico. Am. J. Epidemiol. 147, 755–763 (1998).
 26. Kwon, H. J., Ha, Y. C. & Park, H. M. The reference value of skeletal muscle mass index for defining the sarcopenia of women in 

Korea. J. Bone Metab. 22, 71–75. https:// doi. org/ 10. 11005/ jbm. 2015. 22.2. 71 (2015).
 27. Wen, X., Wang, M., Jiang, C. M. & Zhang, Y. M. Are current definitions of sarcopenia applicable for older Chinese adults?. J. Nutr. 

Health Aging 15, 847–851 (2011).
 28. McLean, R. R. et al. Criteria for clinically relevant weakness and low lean mass and their longitudinal association with incident 

mobility impairment and mortality: the foundation for the National Institutes of Health (FNIH) sarcopenia project. J. Gerontol. 
A Biol. Sci. Med. Sci. 69, 576–583. https:// doi. org/ 10. 1093/ gerona/ glu012 (2014).

 29. Fielding, R. A. et al. Sarcopenia: An undiagnosed condition in older adults. Current consensus definition: Prevalence, etiology, and 
consequences. International working group on sarcopenia. J. Am. Med. Dir. Assoc. 12, 249–256. https:// doi. org/ 10. 1016/j. jamda. 
2011. 01. 003 (2011).

 30. Coin, A. et al. Prevalence of sarcopenia based on different diagnostic criteria using DEXA and appendicular skeletal muscle mass 
reference values in an Italian population aged 20 to 80. J. Am. Med. Dir. Assoc. 14, 507–512. https:// doi. org/ 10. 1016/j. jamda. 2013. 
02. 010 (2013).

 31. Garcia, J. & Quintana-Domeque, C. The evolution of adult height in Europe: A brief note. Econ. Hum. Biol. 5, 340–349. https:// 
doi. org/ 10. 1016/j. ehb. 2007. 02. 002 (2007).

 32. Wen, X., An, P., Chen, W. C., Lv, Y. & Fu, Q. Comparisons of sarcopenia prevalence based on different diagnostic criteria in Chinese 
older adults. J. Nutr. Health Aging 19, 342–347. https:// doi. org/ 10. 1007/ s12603- 014- 0561-x (2015).

 33. Shafiee, G. et al. Prevalence of sarcopenia in the world: A systematic review and meta- analysis of general population studies. J. 
Diabetes Metab. Disord. 16, 21. https:// doi. org/ 10. 1186/ s40200- 017- 0302-x (2017).

 34. Newman, A. B. et al. Sarcopenia: Alternative definitions and associations with lower extremity function. J. Am. Geriatr. Soc. 51, 
1602–1609. https:// doi. org/ 10. 1046/j. 1532- 5415. 2003. 51534.x (2003).

 35. Scott, D., Blizzard, L., Fell, J. & Jones, G. The epidemiology of sarcopenia in community living older adults: What role does lifestyle 
play?. J. Cachexia Sarcopenia Muscle 2, 125–134. https:// doi. org/ 10. 1007/ s13539- 011- 0036-4 (2011).

 36. Gonzalez-Correa, C. H., Marulanda Mejia, F., Castano Gonzalez, P. A., Vidarte Claros, J. A. & Castiblanco Arroyabe, H. D. Bio-
electrical impedance analysis and dual X-ray absorptiometry agreement for skeletal muscle mass index evaluation in sarcopenia 
diagnosis. Physiol. Meas. https:// doi. org/ 10. 1088/ 1361- 6579/ ab8e5f (2020).

 37. Diz, J. B. et al. Prevalence of sarcopenia in older Brazilians: A systematic review and meta-analysis. Geriatr. Gerontol. Int. 17, 5–16. 
https:// doi. org/ 10. 1111/ ggi. 12720 (2017).

 38. Reijnierse, E. M. et al. The impact of different diagnostic criteria on the prevalence of sarcopenia in healthy elderly participants 
and geriatric outpatients. Gerontology 61, 491–496. https:// doi. org/ 10. 1159/ 00037 7699 (2015).

 39. Park, Y. M. et al. Appendicular lean mass is lower in late- compared to early- perimenopausal women: Potential role of FSH. J. 
Appl. Physiol. https:// doi. org/ 10. 1152/ jappl physi ol. 00315. 2019 (2020).

 40. Iannuzzi-Sucich, M., Prestwood, K. M. & Kenny, A. M. Prevalence of sarcopenia and predictors of skeletal muscle mass in healthy, 
older men and women. J. Gerontol. A Biol. Sci. Med. Sci. 57, M772-777 (2002).

 41. Morley, J. E., Baumgartner, R. N., Roubenoff, R., Mayer, J. & Nair, K. S. Sarcopenia. J. Lab. Clin. Med. 137, 231–243. https:// doi. 
org/ 10. 1067/ mlc. 2001. 113504 (2001).

 42. Bahat, G., Kilic, C., Ozkok, S., Ozturk, S. & Karan, M. A. Associations of sarcopenic obesity versus sarcopenia alone with func-
tionality. Clin. Nutr. 40, 2851–2859. https:// doi. org/ 10. 1016/j. clnu. 2021. 04. 002 (2021).

 43. Zoico, E. et al. Physical disability and muscular strength in relation to obesity and different body composition indexes in a sample 
of healthy elderly women. Int. J. Obes. Relat. Metab. Disord. 28, 234–241. https:// doi. org/ 10. 1038/ sj. ijo. 08025 52 (2004).

 44. Gao, Q. et al. Global prevalence of sarcopenic obesity in older adults: A systematic review and meta-analysis. Clin. Nutr. 40, 
4633–4641. https:// doi. org/ 10. 1016/j. clnu. 2021. 06. 009 (2021).

https://doi.org/10.1093/ageing/afz046
https://doi.org/10.1093/ageing/afz046
https://doi.org/10.1016/j.clnu.2021.11.014
https://doi.org/10.1016/j.arr.2016.09.008
https://doi.org/10.1016/j.arr.2016.09.008
https://doi.org/10.1038/oby.2004.250
https://doi.org/10.1038/ejcn.2014.117
https://doi.org/10.1038/ejcn.2014.117
https://doi.org/10.1093/gerona/glu010
https://doi.org/10.3390/ijerph13080821
https://doi.org/10.3390/jcm9041188
http://www.who
https://doi.org/10.1016/S2213-8587(19)30158-5
https://doi.org/10.1016/S0140-6736(19)30955-9
https://doi.org/10.1016/S0140-6736(19)30955-9
https://doi.org/10.1016/j.soard.2017.01.017
https://doi.org/10.11005/jbm.2015.22.2.71
https://doi.org/10.1093/gerona/glu012
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1016/j.jamda.2013.02.010
https://doi.org/10.1016/j.jamda.2013.02.010
https://doi.org/10.1016/j.ehb.2007.02.002
https://doi.org/10.1016/j.ehb.2007.02.002
https://doi.org/10.1007/s12603-014-0561-x
https://doi.org/10.1186/s40200-017-0302-x
https://doi.org/10.1046/j.1532-5415.2003.51534.x
https://doi.org/10.1007/s13539-011-0036-4
https://doi.org/10.1088/1361-6579/ab8e5f
https://doi.org/10.1111/ggi.12720
https://doi.org/10.1159/000377699
https://doi.org/10.1152/japplphysiol.00315.2019
https://doi.org/10.1067/mlc.2001.113504
https://doi.org/10.1067/mlc.2001.113504
https://doi.org/10.1016/j.clnu.2021.04.002
https://doi.org/10.1038/sj.ijo.0802552
https://doi.org/10.1016/j.clnu.2021.06.009


12

Vol:.(1234567890)

Scientific Reports |        (2022) 12:16905  | https://doi.org/10.1038/s41598-022-21258-5

www.nature.com/scientificreports/

 45. Kim, K. M., Jang, H. C. & Lim, S. Differences among skeletal muscle mass indices derived from height-, weight-, and body mass 
index-adjusted models in assessing sarcopenia. Korean J. Int. Med. 31, 643–650. https:// doi. org/ 10. 3904/ kjim. 2016. 015 (2016).

 46. Maimoun, L. et al. Impact of obesity on bone mass throughout adult life: Influence of gender and severity of obesity. Bone 90, 
23–30. https:// doi. org/ 10. 1016/j. bone. 2015. 11. 020 (2016).

 47. Goodpaster, B. H. et al. The loss of skeletal muscle strength, mass, and quality in older adults: The health, aging and body composi-
tion study. J. Gerontol. A Biol. Sci. Med. Sci. 61, 1059–1064. https:// doi. org/ 10. 1093/ gerona/ 61. 10. 1059 (2006).

 48. Bahat, G., Tufan, A., Kilic, C., Karan, M. A. & Cruz-Jentoft, A. J. Prevalence of sarcopenia and its components in community-
dwelling outpatient older adults and their relation with functionality. Aging Male 23, 424–430. https:// doi. org/ 10. 1080/ 13685 538. 
2018. 15119 76 (2020).

 49. Murphy, R. A. et al. Transition to sarcopenia and determinants of transitions in older adults: A population-based study. J. Gerontol. 
A Biol. Sci. Med. Sci. 69, 751–758. https:// doi. org/ 10. 1093/ gerona/ glt131 (2014).

 50. Delmonico, M. J. et al. Alternative definitions of sarcopenia, lower extremity performance, and functional impairment with aging 
in older men and women. J. Am. Geriatr. Soc. 55, 769–774. https:// doi. org/ 10. 1111/j. 1532- 5415. 2007. 01140.x (2007).

 51. Kemmler, W. et al. Prevalence of sarcopenia and sarcopenic obesity in older German men using recognized definitions: High 
accordance but low overlap!. Osteoporos. Int. 28, 1881–1891. https:// doi. org/ 10. 1007/ s00198- 017- 3964-9 (2017).

Author contributions
L.M., T.M. and A.S. are responsible for design, L.M., C.S., E.R., D.N., P.L., V.B., A.A., D.M. writing and C.S. and 
T.M. are responsible for statistical analysis. All authors reviewed the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to L.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.3904/kjim.2016.015
https://doi.org/10.1016/j.bone.2015.11.020
https://doi.org/10.1093/gerona/61.10.1059
https://doi.org/10.1080/13685538.2018.1511976
https://doi.org/10.1080/13685538.2018.1511976
https://doi.org/10.1093/gerona/glt131
https://doi.org/10.1111/j.1532-5415.2007.01140.x
https://doi.org/10.1007/s00198-017-3964-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Definition of an adapted cut-off for determining low lean tissue mass in older women with obesity: a comparison to current cut-offs
	Materials and methods
	Participants. 
	Participant consent. 
	Body composition determination. 
	Currently used cut-offs for the definition of low LTM. 
	Validation of low LTM cut-offs from young French non-obese women. 
	Determination of new low LTM cut-offs from young French women with obesity. 
	Statistical analysis. 

	Results
	Participant characteristics. 
	Prevalence of low LTM in older women with obesity with the currently used cut-offs. 
	Prevalence of low LTM in older women with obesity using cut-offs calculated from young French women with normal body weight. 
	Prevalence of low LTM in older women with obesity using cut-offs calculated from young French women with obesity. 

	Discussion
	Study limitations. 
	Study strengths. 

	Conclusion
	References


