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Abstract
Background Studies comparing different operational definitions of sarcopenia (S) and sarcopenic obesity (SO) 
defined according to the ‘’European Society for Clinical Nutrition and Metabolism and the European Association for 
the Study of Obesity’’ (ESPEN/EASO) criteria with functionality are scarce. Our aim is to investigate whether SO or S 
with different skeletal muscle mass (SMM) adjustments is better associated with functional disability.

Methods This retrospective study was carried out in older individuals ≥ 65 years of age in a geriatric outpatient clinic. 
Probable and confirmed sarcopenia were evaluated with the revised European Working Group on Sarcopenia in 
Older People (EWGSOP2) criteria, and SO with ESPEN/EASO consensus steps. For SMM component for both S and SO, 
different adjustments (weight, body mass index, and height square (W, BMI, H2 respectively)) were used. Functional 
disability was examined with activities of daily living (ADL), and instrumental ADL (IADL). Receiver operating 
characteristic (ROC) curves were drawn and area under ROC curve (AUC) were calculated to find which operational 
definition best predicts disability.

Results Data from 1477 older adults were screened. 408 participants (median age; 73 (65–101), 65% female) were 
included. Prevelance of SO was 6.9%. Probable sarcopenia, confirmed sarcopenia BMI-adjusted and confirmed 
sarcopenia W-adjusted were significantly associated with impaired IADL (p < 0.001), and showed fair accuracy for 
predicting IADL disability. Sarcopenic obesity did not show significant associations with ADL and IADL disability and 
didn’t predict ADL and IADL disability. Only confirmed sarcopenia by BMI predicted ADL disability with poor accuracy. 
Among operational definitions of sarcopenia, probable sarcopenia had the highest sensitivity (83.6%) and negative 
predictive value (NPV) (94.2%) for predicting IADL disability.

Conclusion We found that probable sarcopenia (with the highest sensitivity and NPV) and confirmed sarcopenia 
(BMI-adjusted with higher sensitivity and NPV than W-adjusted) were the most relevant for predicting IADL disability, 
but their diagnostic accuracy was limited. Confirmed sarcopenia by BMI predicted ADL disability with poor accuracy. 
Other operational definitions, including SO did not predict functional disability in our study. Future studies need to 
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Introduction
With the rapid growth of the older population globally, 
sarcopenic obesity (SO) is estimated to affect 100–200 mil-
lion older people in nearly 3 decades [1]. SO is a high-
risk geriatric syndrome which has the cumulative health 
risks of both phenotypes synergistically and it threatens 
the health and quality of life [2–4]. SO is identified as the 
coexistence of sarcopenia (S) and obesity (O) components. 
For sarcopenia component, there are several definitions, 
methodologies and thresholds according to different work-
ing groups [5–10]. In revised European Working Group 
on Sarcopenia in Older People (EWGSOP2) consensus, 
detection of low muscle strength is defined as probable 
sarcopenia, while the presence of low muscle strength and 
low muscle mass together is defined as confirmed sarco-
penia [6]. Though the revised EWGSOP (EWGSOP2) con-
sensus for the definition and diagnosis of sarcopenia has 
suggested cut-off points to provide harmonization among 
studies, the use of regional normative populations is also 
recommended when available as measurements such 
as gait speed and strength depend upon stature [6]. For 
the definiton of obesity, there are also several definitions 
such as body mass index (BMI), waist circumference, and 
fat mass with different thresholds [11–13]. These varia-
tions in definitions have led problems in comparing SO 
prevalences and the other results across studies [11, 14]. In 
addition, this situation continues to hinder the implemen-
tation of primary and secondary treatments and recom-
mendations. European Society for Clinical Nutrition and 
Metabolism and the European Association for the Study 
of Obesity (ESPEN/EASO) published a standardized defi-
nition and diagnostic criteria as ESPEN/EASO consensus 
criteria in 2022 [14]. The authors of the consensus paper 
encouraged studies on functionality with this algorithm 
and also is indicated that future research should aim at 
defining the best cut points to be considered in research 
and clinical practice concerning SO.

It is known that there are independent negative effects 
of sarcopenia and obesity on physical functioning. 
Besides, older adults with SO may experience poorer 
functional outcomes and lower physical performance 
compared with those with sarcopenia or obesity alone 
[15–17]. Obesity and sarcopenia may synergistically rein-
force each other, creating a vicious cycle of fat gain and 
muscle loss through reduced mobility, dependence and 
disability [18]. On the other hand there are studies with 
different results such as obesity may have a protective 
effect against the limitations of some functional measures 

and physical performance, advocating the protective 
effect of obesity in sarcopenic individuals [19–21].

To our knowledge after the ESPEN/EASO consen-
sus criteria, the studies investigating the assosiations 
between SO and functionality have still conflicting 
results as before this consensus. While some of the stud-
ies justified SO was associated with disability and worse 
functional outcomes in different patient groups [22–25], 
some of the studies found SO was not associated with 
poor functional outcomes [26, 27], or with activities of 
daily living [28] in different situations. However studies 
comparing different operational definitions of S and SO 
by ESPEN/EASO with functionality are scarce [23].

Another inconsistent issue is about skeletal muscle 
mass (SMM) adjustments of S component of SO. In 
ESPEN/EASO consensus statement SMM adjustment 
by weight (W) is suggested [14], and in EWGSOP2 
SMM adjustment by height square (H2) is suggested [6]. 
However, when the SMM is adjusted by BMI, low mus-
cle mass showed better associations with ADL, IADL, 
frailty and risk of falls than the H2 or the weight-adjusted 
SMM [29–32]. Furthermore, BMI adjustments of SMM 
is encouraged in SO studies diagnosed using ESPEN and 
EASO on functional outcomes [29, 31].

For these reasons, we aimed to find which operational 
definition of S and SO with local thresholds with differ-
ent adjustments (W, H2, and BMI) following ESPEN/
EASO consensus steps is more associated with functional 
disability, since preserving functionality for as long as 
possible is one of our main goals for the older population.

Materials and methods
Study design and population
This study was carried out in older individuals ≥ 65 years 
of age applied to the outpatient clinic of Geriatric Medi-
cine between July 2016 and March 2021. From 1477 
participants, we excluded 802 participants with missing 
bioelectrical impedance analysis (BIA) measurements, 
70 participants with missing handgrip strength (HGS) 
measurements and 197 patients with edema with differ-
ent health problems such as chronic renal failure, heart 
failure, cirrhosis and malignant edema leading to a sam-
ple size of 408 participants (265 women). Exclusion and 
inclusion criteria are shown in Fig. 1. Socio-demographic 
data, BMI, BIA values, number of medications, as well 
as comorbidities, HGS values etc. were recorded for all 
patients. All patients’ data were retrieved retrospectively 
from hospital records.

refine the definitions of SO and investigate its distinct impact on functional impairment compared to sarcopenia 
alone.

Keywords Sarcopenia, Sarcopenic obesity, ESPEN/EASO consensus criteria, Functional dependency, Disability, 
EWGSOP2
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Screening for sarcopenic obesity
Body composition measurements were assessed with 
a multifrequency tetrapolar instrument (Tanita MC-
780BIA) at 50 kHz. The definitions and diagnostic steps 
of the ESPEN and EASO consensus statement with local 
thresholds were used to identify patients with SO [14]. 
The ESPEN and EASO criteria consist of three steps: 
screening, diagnosing and grading of the severity of the 
SO. Total SMM and fat mass were calculated using the 
BIA equation developed by Janssen et al. [33] and Gal-
lagher et al. respectively [34]. Body mass index was cal-
culated by dividing weight in kilograms by the square of 
height in meters. The SMM was also adjusted for weight 
(SMM/W) and BMI (SMM/BMI). BMI greater than or 
equal to 30 (BMI ≥ 30  kg/m²) was defined as obesity for 
SO screening tool [14]. Depending on gender, ethnicity 
and examination method, the specific cut-off values for 
SO are modified. In our study, we used the local cut-off 
values shown in Table 1.

Screening for sarcopenia
Muscle strength was assessed by HGS measured by Takei 
T.K.K. 5401 digital dynamometer (Takei Scientific Instru-
ments Co. Ltd, Tokyo, Japan) implementing a validated 
protocol [37]. Total SMM was calculated using the BIA 
equation developed by Janssen et al. [33] Sarcopenia 
was defined according to EWGSOP2 criteria [6]. Based 
on this algorithm probable sarcopenia was defined as 
the presence of low handgrip strength, and confirmed 

Table 1 The cut-off values for assessment of sarcopenic obesity 
according to sex
The criteria Threshold value

Men Women
Low handgrip strength [35], kg 35 20
Increased fat mass [13], % 27.3 40.7
Reduced muscle mass by BIA
 SMM/W, %* [36] 27.53 23.26
 SMM/BMI* [36] 0.82 0.58
BIA: the bioelectrical impedance analysis, SMM: skeletal muscle mass, W: 
weight, BMI: body mass index

*SMM was calculated according to Janssen equation in the given reference [36]

Fig. 1 Exclusion and inclusion criteria of the study population
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sarcopenia was defined as low muscle strength and low 
SMM. The EWGSOP2 consensus states that skeletal 
muscle mass should be adjusted for height square [6]. 
The local cut-off values in Table 2 were used for assess-
ment of sarcopenia.

Assessment of functionality
Functional status was assessed by KATZ ADLs [39], 
and Lawton-Brody IADLs [40]. The ADLs refer to the 
six activities of daily living (bathing, dressing, feed-
ing, ambulation, toileting, continence) while the IADLs 
require more complex planning and thinking acts such 
as managing medications, paying bills, and using the tele-
phone. The total scores for ADLs and IADLs scales were 
6 and 8 points, respectively. The patients were evaluated 
as “disabled” by ADLs and IADLs scales, if scores were 
< 6, and < 8, respectively.

Sample size estimation
The sample size of the study was calculated using 
G*Power 3.1.9.7. The study by Bahat et al. was used as 
a reference for the effect size to be used in the calcula-
tion [19]. Based on the stated prevalence of SO leading to 
impaired IADL, with a 0.05 type I error and 80% power, 
the minimum required sample size for the study was cal-
culated as 345.

Statistical analysis
Data analyses were performed using SPSS version 25.0 
for Windows. P ≤ 0.05 was considered statistically sig-
nificant. Data normality was obtained by Kolmogorov-
Smirnov test. The T test and Mann-Whitney U test were 
used in the analysis of quantitative variables where avail-
able. The chi-squared (χ2) test and Fisher’s exact test 
were used for the comparison of categorical variables. 
Normally distributed quantitative variables, quantita-
tive variables without normal distribution and qualitative 
variables were expressed by mean ± standard deviations, 
median (minimum-maximum) and frequency (percent-
ages) respectively.

To evaluate the diagnostic performance of the differ-
ent operational definitions of sarcopenia, the follow-
ing parameters were calculated: sensitivity, specificity, 
positive predictive value (PPV), negative predictive value 
(NPV), as well as the area under the receiver operating 
characteristic (ROC) curve (AUC). We used the 2 × 2 
cross-tabulation for calculating specificity, sensitivity, 
PPV, and NPV at the diagnostic accuracy of the differ-
ent operational definitions of sarcopenia for functional 
disability [41]. Sensitivity and specificity were classified 
as good (> 80%), fair (50–80%), or poor (< 50%) [42]. The 
AUC is a measure of the overall diagnostic accuracy of a 
test. An AUC > 0.8 indicates good, 0.6–0.8 fair, and < 0.6 
indicates poor diagnostics accuracy [43].

Results
Study population characteristics
The mean age was 73.5 (65–101) years in women, 75 
(65–94) years in men. Females composed 65% of the 
study population. Individuals who had SO according 
to calculation adjusted by weight (6.9%) were the same 
patients according to calculation adjusted by BMI (6.9%). 
237 (58.1%) participants had probable sarcopenia. 116 
(28.4%) of all had confirmed sarcopenia and 28 (6.9%) 
had SO with both W and BMI adjustments. The descrip-
tive statistics of study sample was shown in Table 3.

While probable sarcopenia was associated with both 
ADL and IADL disability, SO (BMI- adjusted and 
W-adjusted) were not associated with either ADL or 
IADL disability. In terms of confirmed sarcopenia, con-
firmed sarcopenia only adjusted for BMI was associated 
with both ADL and IADL disability. Whereas confirmed 
sarcopenia adjusted for height2 suggested by the EWG-
SOP2 criteria was not associated with either ADL or 
IADL disability. Associations of operational definitions 
of sarcopenia with functional measures were shown at 
Table 4.

Only confirmed sarcopenia by BMI reached significant 
p level while predicting ADLs in the ROC Curve. How-
ever this showed poor accuracy. ROC curves of different 
operational definitons of sarcopenia and SO for predict-
ing ADL disability are shown in Fig.  2. The AUCs for 
the probable sarcopenia, confirmed sarcopenia (BMI-
adjusted and W-adjusted) had fair accuracy for predict-
ing IADL disability. ROC curves of different operational 
definitons of sarcopenia and SO for predicitng IADL 
disability are shown in Fig.  3. According to operational 
definitions of sarcopenia, probable sarcopenia had the 
highest sensitivity and NPV for predicting IADL disabil-
ity. Receiver operating characteristic analysis for opera-
tional definitions of sarcopenia to predict impairment 
ADL and IADL were shown at Table 5.

Table 2 The cut-off values for criteria of operational definition of 
sarcopenia according to sex
The criteria Threshold value

Men Women
Low handgrip strength [35], kg 35 20
Reduced muscle mass by BIA
 SMM/W, %* [36] 27.53 23.26
 SMM/BMI* [36] 0.82 0.58
 SMM/(H2)** [38], kg/m2 8.33 5.70
BIA: the bioelectrical impedance analysis, SMM: skeletal muscle mass, W: 
weight, BMI: body mass index, H2: height square

*SMM was calculated according to Janssen equation in the given reference [36]

** SMM was calculated according to Janssen equation in the given reference 
[38]
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Discussion
Sarcopenic obesity is an increasing problem worldwide 
and it leads to significant health problems in older adults, 
such as the risk of developing comorbidities, geriatric 
syndromes [44], and functional limitation [45]. With the 
ESPEN/EASO consensus in 2022, the definition and diag-
nostic algorithm of SO were clarified providing a global 
algorithm to make it easier to find the target population 
and apply interventions in terms of preserving func-
tionality [18]. However, there are still gaps on the asso-
ciations of functionality and SO with the new algorithm, 
as well as the associations of functionality with different 
SMM adjustments for sarcopenia component of SO [31]. 
To our knowledge, there is no study investigating the pre-
dictivity of different operational definitions of sarcopenia 
and SO with ESPEN /EASO algorithm, using different 
SMM adjustments for functional disability. And also this 
is the first study using local thresholds in all the diagnos-
tic steps of sarcopenia and SO with the new algorithm.

In our study, SO adjusted for W or BMI were not asso-
ciated with either ADL or IADL disability and also did 
not predict functional disability. This result might be 
related with obesity paradox [45]. The median BMI in 

our patient population was 28  kg/m2, and the majority 
of patients were within the BMI range which obesity is 
protective. Though obesity is associated with both ADL 
and IADL impairment in our study it is known that the 
decreased risk of sarcopenia in older individuals with 
obesity “obesity paradox” was dependent on higher mus-
cle mass and strength [45]. In Japanese older patients 
undergoing rehabilitation, SO by ESPEN/EASO evalua-
tion was not associated with poor functional outcomes as 
well [26]. Moreover, SO by ESPEN/EASO was not statis-
tically associated with ADL at acute discharge in patients 
with stroke [28]. Among older patients with sarcopenia, 
obesity might have a protective effect against the limita-
tions of some functional measures, and physical perfor-
mance [19–21]. On the other hand a recent systematic 
review and meta-analysis concluded that SO patients 
presented lower physical performance compared with 
sarcopenic nonobese patients [15]. In stroke patients 
admitted to a post-acute rehabilitation hospital, SO by 
ESPEN/EASO was negatively associated with improve-
ments in ADL [24]. In asthma patients referred for com-
prehensive pulmonary rehabilitation, SO by ESPEN/
EASO was associated with worse functional outcomes 
[25]. Scott et al. found that men aged 70 years and older 

Table 3 Characteristics of the study sample
Age, years 73 (65–101)
Sex, female 265 (65%)
ADL score 6 (0–6)
IADL score 8 (0–8)
HGS, kg 23 (6–52)
BMI, kg/m2 28.2 (16.2–54.3)
SMM/W, % 25.6 (13.09–47.44)
SMM/BMI 0.6 (0.3–1.3)
SMM/H2, kg/m2 11.3 (5.5–21.9)
Fat mass, % 31.2 (5.8–51.3)
Impaired ADL 203 (49.8%)
Impaired IADL 61 (15%)
Sarcopenia parameters
 Low HGS 237 (58.1%)
 Low SMM/W 149 (36.5%)
 Low SMM/BMI 203 (49.8%)
 Low SMM/H2 1 (0.2%)
 Increased fat mass 72 (17.6%)
Different operational definitions
 Probable sarcopenia 237 (58.1%)
 Confirmed sarcopenia/W 76 (18.6%)
 Confirmed sarcopenia/BMI 116 (28.4%)
 Confirmed sarcopenia/H2 1 (0.2%)
 Sarcopenic obesity/W 28 (6.9%)
 Sarcopenic obesity/BMI 28 (6.9%)
 Obesity 149 (36.5%)
Continuous variables expressed as a median (minimum-maximum); categorical 
variables expressed as number (frequency). ADL: activities of daily living, IADL: 
instrumental activities of daily living, HGS: hand grip strength, BMI: body mass 
index, SMM: skeletal muscle mass, W: weight, H2: height square

Table 4 Associations of operational definitions of sarcopenia 
with functional measures (univariate analyses)

Impaired 
ADL

p 
value

Impaired 
IADL

p value

Probable sarcopenia
 No 74 (43.3%) 0.03 10 (5.8%) < 0.001
 Yes 129 (54.4%) 51 (21.5%)
Confirmed 
sarcopenia/W
 No 158 (47.6%) > 0.05 39 (11.7%) < 0.001
 Yes 45 (59.2%) 22 (28.9%)
Confirmed sarcopenia/
BMI
 No 132 (45.2%) 0.004 26 (8.9%) < 0.001
 Yes 71 (61.2%) 35 (30.2%)
Confirmed sarcopenia/
H2

 No 203 (49.9%) > 0.05 61 (15%) > 0.05
 Yes 0 (0%) 0 (0%)
Sarcopenic obesity/W
 No 188 (49.5%) > 0.05 54 (14.2%) > 0.05
 Yes 15 (53.6%) 7 (25%)
Sarcopenic obesity /BMI
 No 188 (49.5%) > 0.05 54 (14.2%) > 0.05
 Yes 15 (53.6%) 7 (25%)
Obesity
 No 119 (45.9%) 0.04 31 (12%) 0.03
 Yes 84 (56.4%) 30 (20.1%)
Categorical variables expressed as number (frequency)

ADL: activities of daily living, IADL: instrumental activities of daily living, BMI: 
body mass index, SMM: skeletal muscle mass, W: weight, H2: height square
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with SO had an increased risk of ADL and IADL disabil-
ity compared to those without sarcopenia or obesity [23]. 
Also, in the study by Schlussel et al., 1079 participants 
aged 65 years and older were evaluated with ESPEN/
EASO consensus algorithm and SO was associated with 
Disability Score [22]. The prognostic significance of obe-
sity in sarcopenic adults especially on functionality is still 
controversial [15].

In our study, probable sarcopenia and BMI-adjusted 
confirmed sarcopenia were associated with both ADL 
and IADL disability, W-adjusted confirmed sarcopenia 
was only associated with IADL disability. Probable sarco-
penia is associated with worsening of functional disability 
such as ADL, and IADL in older population [46]. Sarco-
penia is also related with functional disability in older 
adults as well [47]. In our study in terms of IADL the 
AUC values for the probable sarcopenia, and confirmed 
sarcopenia (BMI-adjusted and W-adjusted) had fair 
accuracy for predicting IADL disability. In a retrospec-
tive study published before ESPEN/EASO consensus, 
older adults over 60 years of age were evaluated for asso-
ciations of SO versus sarcopenia alone with functionality 
[19]. In this study, it was shown that, when compared to 

the non-sarcopenic non-obese group, sarcopenia alone 
definitions whether probable or confirmed adjusted by 
BMI had more increased risks than SO definitions for 
impaired ADL, and for impaired IADL [19]. Although 
this study was not conducted with the ESPEN/EASO 
algorithm and different threshold values   were used, prob-
able sarcopenia and BMI-adjusted confirmed sarcopenia 
had a risk for IADL dependency, similar with our study. 
However, in our study confirmed sarcopenia adjusted by 
BMI had poor accuracy for predicting ADL disability.

The other important issue to be discussed here is the 
SMM adjustments for sarcopenia. SMM adjusted for BMI 
was better associated with functionality, physical perfor-
mance and frailty, in comparison with the adjustments 
made for height2 or weight [29]. In the study by Schlues-
sel et al., ESPEN/ EASO consensus criteria was used and 
for sarcopenia component of SO, SMM adjustment by W 
was applied as suggested in consensus criteria and SO 
was associated with disability [22]. In a study which com-
pares different SO definitions for predicting mortality in 
a prospective cohort with advanced non-small cell lung 
cancer, although SMM/BMI was better associated with 
survival than SMM/W, SO (SMM/BMI) did not show an 

Fig. 2 ROC curves of different operational definitons of sarcopenia and SO for predicting ADL disability. Individuals who had SO according to calculation 
adjusted by weight (6.9%) were the same patients according to calculation adjusted by BMI (6.9%). For this reason, it is shown with the same line on the 
ROC curve and expressed as ‘Sarkopenic obesity/W&BMI’
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advantage in predicting survival over SO (SMM/W) [48]. 
In our study we found that the adjustment for BMI had 
higher sensitivity and higher NPV than the adjustment 
for W for IADL disability.

In our study, according to operational definitions of sar-
copenia, probable sarcopenia had the highest sensitivity 
and NPV for predicting IADL disability. Though muscle 
measures both muscle mass and strength are predictors 

Table 5 Receiver operating characteristic analysis for operational definitions of sarcopenia to predict impairment of ADL and IADL
Impairment ADL Impairment IADL
Sensi-
tivity 
(%)

Speci-
ficity 
(%)

PPV 
(%)

NPV 
(%)

ROC AUC* (95% CI), 
significance (p)

Sensi-
tivity 
(%)

Speci-
ficity 
(%)

PPV 
(%)

NPV 
(%)

ROC AUC* (95% CI), 
significance (p)

Probable sarcopenia 63.5 47.8 54.4 56.7 0.554 (0.499–0.610), 0.6 83.6 46.4 21.5 94.2 0.650 (0.582–0.718) < 0.001
Confirmed sarcopenia/W 22.2 84.9 59.2 52.4 0.535 (0.479–0.591) 0.22 36 84.4 29 88.3 0.603 (0.520–0.685) 0.01
Confirmed sarcopenia/BMI 35 78.1 61.2 54.8 0.565 (0.509–0.621), 0.02 57.4 76.7 30.2 91.1 0.670 (0.592–0.748)

< 0.001
Confirmed sarcopenia/H2 0 99.5 0 50 0.498 (0.441–0.554) 0.932 0 99.7 0 85.1 0.499 (0.420–0.577)

> 0.5
Sarcopenic obesity/W&BMI** 7.4 93.7 53.6 50.5 0.505 (0.449–0.561) 0.86 11.5 94 25 85.8 0.527 (0.446–0.608)

0.5
Obesity 41.4 68.3 56.4 54.1 0.548 (0.493–0.604) 0.09 49.2 65.7 20.1 88 0.574 (0.495–0.654)

0.06
*AUC indicates area under the ROC curve

** Individuals who had SO according to calculation adjusted by weight (6.9%) were the same patients according to calculation adjusted by BMI (6.9%). For this reason, 
it is shown with the same line on the ROC curve and expressed as ‘Sarcopenic obesity/W&BMI’

PPV: Positive predictive value, NPV: Negative predictive value, ADL: Activities of Daily Living, ROC: Receiver operating curve, AUC: Area under curve, BMI: body mass 
index, W: weight, H2: height square

Fig. 3 ROC curves of different operational definitons of sarcopenia and SO for predicitng IADL disability. Individuals who had SO according to calculation 
adjusted by weight (6.9%) were the same patients according to calculation adjusted by BMI (6.9%). For this reason, it is shown with the same line on the 
ROC curve and expressed as ‘Sarkopenic obesity/W&BMI’
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of future ADLs and IADLs dependency in the older adult 
population [49], muscle weakness is reported to predict 
poor outcomes better than muscle mass [6, 21, 50]. 

Conclusion
We found that probable sarcopenia (with the highest sen-
sitivity and NPV) and confirmed sarcopenia adjusted by 
BMI (higher sensitivity and NPV than adjustment by W) 
and confirmed sarcopenia adjusted by W are better pre-
dictors of IADL disability than SO defined with ESPEN/
EASO consensus algorithm. To fully understand the dual 
burden of sarcopenia and obesity, it is necessary to inves-
tigate the underlying mechanisms, in particular their 
impact on functional capacity. Also, future studies need 
to refine the definitions of sarcopenic obesity and inves-
tigate its distinct impact on functional impairment com-
pared to sarcopenia alone.

Limitation and strengths
To our knowledge, there is no study investigating the pre-
dictivity of different operational definitions of sarcopenia 
and SO with ESPEN /EASO algorithm, using different 
SMM adjustments for functional disability. And also, this 
is the first study using local thresholds in all the diagnos-
tic steps of sarcopenia and SO with the new algorithm. 
However, there are important limitations. There might 
be a selection bias because this study is a single centered 
study conducted in a university hospital. The generaliz-
ability of the study is limited. Waist circumference is also 
recommended in the screening phase of obesity in addi-
tion to BMI. However due to the retrospective design 
waist circumference was not available in our data. So it 
might cause some cases of SO with normal BMI but high 
waist circumference were likely missed. Also, the retro-
spective design might cause some missing data in terms 
of comorbid diseases that were not recorded in patient 
files. Confounding variables such as nutritional status, 
and inflammation and cognitive status which may affect 
both patients’ independence in daily living activities and 
orientation in HGS measurements were not evaluated in 
the study.

Since the study is retrospective observational, it can-
not provide a cause-and-effect relationship. For this, pro-
spective longitudinal studies are needed.
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