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Abstract

Background Although the prevalence of sarcopenic obesity is increasing, nowadays a universally accepted definition still
does not exist. Because, this clinical entity is defined as the combination of obesity and sarcopenia, the diagnosis appears to
be strictly linked to criteria used for sarcopenia and the available prevalence data are not uniform. To investigate the preva-
lence of sarcopenic obesity in older persons according to EWGSOP2 and FNIH criteria. Second, to evaluate the prevalence
of diabetes in patients with sarcopenia diagnosed by the two definitions.

Methods Observational multicenter study performed in 2014 on older patients admitted to 12 Italian hospitals (GLISTEN
Study). Data were collected through standardized questionnaires, which assessed: socio-demographic data, cognitive sta-
tus, functional abilities, pharmacological therapy, comorbidities, and blood tests. Moreover, muscle mass and strength and
physical performance were evaluated.

Results Six hundred and ten were included in the analyses. Among sarcopenic patients, the prevalence of sarcopenic obesity
was 30.8% with FNIH and 0% with EWGSOP?2 criteria. According to EWGSOP?2 criteria, 23.7% of sarcopenic and 30.8%
of non-sarcopenic patients were affected by diabetes (p=0.101); otherwise, using FNIH criteria, 36.3% of sarcopenic and
26.9% of non-sarcopenic patients were diabetic (p =0.030). After adjustment for potential confounders, diabetic patients had
a 73% higher probability of being sarcopenic according to FNIH criteria (OR 1.73; 95% CI 1.13-2.64).

Conclusions The EWGSOP2 and FNIH sarcopenia criteria are differently related to the prevalence of obesity and diabetes.
The EWGSOP?2 criteria seem to be not suitable to identify people with sarcopenic obesity.
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Introduction obesity might be substantially different according to the

diagnostic criteria used for sarcopenia.

Prevalence of sarcopenic obesity is increasing worldwide,
but estimates are not consistent across studies [1, 2]. There
is not a diagnostic definition of sarcopenic obesity univer-
sally accepted and this condition is currently qualified as
the co-occurrence of sarcopenia and obesity (i.e., Body
Mass Index > 30 Kg/m?) [3]: thus, the anthropometric
and metabolic characteristics of patients with sarcopenic

The members of the the GLISTEN Group Investigators are listed
in appendix.

4 Stefano Volpato
vlt@unife.it

Extended author information available on the last page of the article

Sarcopenia is defined as an age-related decline of skel-
etal muscle mass with a consequent reduction in muscle
strength and physical performance [4, 5]. The definitions
currently used by the scientific community are those pro-
posed by the Working Group on Sarcopenia in Older Peo-
ple (EWGSOP) in 2010 and revised in 2018—EWGSOP2
[6, 7] and by the Foundation for the National Institutes of
Health (FNIH) Sarcopenia Project [8], that propose dif-
ferent and alternative methods for defining low skeletal
muscle mass [9]. Both operational definitions suggest as
cut-point for low muscle mass definition an appendicular
lean mass (ALM) lower than 20 and 15 kg for men and
women, respectively. Nevertheless, since muscle mass is
correlated with body size, ALM can be adjusted for body
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size in different ways, i.e. using height squared (ALM/
height?), weight (ALM/weight) or body mass index (ALM
/BMI). EWGSOP2 consensus recommends using ALM/
height® < 7.0 and < 5.5 kg/m? in men and women, respec-
tively, as cut-off points for low muscle mass definition [7]
and FNIH recommendations include an ALM to BMI ratio
(ALM/BMI) < 0.789 in men and <0.512 in women [8].

We hypothesized that different methods for muscle
mass standardization might capture different aspects of
the sarcopenic phenotype with opposite anthropometric
and metabolic characteristics, including but not limited
to obesity and type 2 diabetes [10, 11], according to the
diagnostic criteria used.

The aim of our study was, therefore, to investigate the
prevalence of obesity and type 2 diabetes in older persons
with sarcopenia defined according to different methods for
muscle mass standardization, evaluating the concordance
between the two methods.

Methods
Study design and data collection

Data were obtained from the Gruppo di Lavoro Italiano
Sarcopenia—Trattamento E Nutrizione (GLISTEN) pro-
ject, a cohort study performed in Geriatrics and Internal
Medicine acute care wards of 12 Italian hospitals (Monza,
Turin, Ferrara, Verona, Parma, Florence, Ancona, Rome,
Napoli I, Napoli II, Cagliari, Messina). Methodology of
the GLISTEN project has been described in detail else-
where [12]. Briefly, the study was designed to investi-
gate the prevalence and clinical correlates of sarcopenia
in older hospitalized patients in Italy and to estimate
the incidence of sarcopenia during hospital stay. All
study centers obtained ethical approval from their insti-
tutions; participants signed a written informed consent.
All patients consecutively admitted to the participating
wards from February 2014 and May 2014 were screened
for enrollment. Exclusion criteria were age younger than
65 years and patient’s unwillingness to take part in the
study. All patients were assessed within 2 days since
hospital admission and were followed until discharge.
Participants’ data were collected through a standardized
dedicated questionnaire including demographic char-
acteristics, self-report functional status, cognitive, and
mood assessment; medication use; incident and prevalent
medical conditions; and biochemical test results. Objective
measures of muscle mass (bioimpedance analysis [BIA])
and physical performance (handgrip strength and 4-m
usual walking speed) were obtained at hospital admission
and before discharge. In this study, 45 of the original 655
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enrollees were excluded because of some baseline missing
data, leading to a final sample of 610 persons (mean age
80.7 + 6.6 years, male 48.7%).

Assessment of sarcopenic obesity

Sarcopenic obesity was defined as the simultaneous presence
of sarcopenia and a BMI > 30 kg/m? [13]. Sarcopenia was
defined as the presence of low muscle mass and low muscle
strength, according to EWGSOP2 [7] and FNIH criteria [8].

Muscle mass was measured by BIA using a Quantum/S
Bioelectrical Body Composition Analyzer (Akern Srl,
Florence, Italy). Whole-body BIA measurements were
taken between the right wrist and ankle with the subject
in a supine position, whenever possible. Appendicular
Skeletal muscle Mass (ASM), equivalent to ALM, was
calculated using the following equation by Sergi and col-
leagues: ASM (Kg)=— 3.964 + (0.227 x height?/resist-
ance)+ (0.095 x weight) + (1.384 x sex) + (0.064 X reactance)
where height is measured in centimeters, resistance and
reactance in ohms, weight in kilograms; for gender, men=1
and women=0. ASM was standardized by height squared
(ASM/heightz) and Body Mass Index (ASM/BMI) as sug-
gested by EWGSOP2 and FNIH criteria. Low appendicular
muscle mass was classified as ASM/height? less than 7.0 kg/
m? in men and 6.0 kg/m* in women, in line with EWGSOP2
cut-off points [14], and as an ASM/BMI ratio lower than
0.789 in men and 0.512 and women, according to FNIH
[15].

Muscle strength was assessed by grip strength (GS),
measured using a hand-held dynamometer (JAMAR hand
dynamometer Model BK-7498, Fred Sammons Inc., Brook-
field, IL). Three trials for each hand were performed, and the
highest value of the strongest hand was used in the analyses.
GS values below 27 kg in men and 16 kg in women were
considered as abnormal according to the EWGSOP2 consen-
sus [16]. The corresponding cut-offs for the FNIH criteria
were 26 and 16 kg for men and women, respectively [17].

Assessment of diabetes

Prevalent diabetes mellitus was defined as self-report of
physician diagnosis or antidiabetic medication use. Among
undiagnosed diabetic participants, presence of diabetes was
identified by fasting plasma glucose level >126 mg/dL,
based on the American Diabetes Association 2003 criteria.
Current use of antidiabetic medications (oral antidiabetic
agents and insulin) was determined during the baseline
interview.
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Covariates

At hospital admission, a clinical interview was performed to
every patient collecting sociodemographic variables, home
pharmacological therapy and past medical history; Charl-
son Comorbidity Index (CCI) [18] was calculated to assess
comorbidity burden. Functional status in basic activities of
daily living (ADL) and cognitive status were evaluated as
reported elsewhere [12]; specifically, difficulty in three or
more activities was defined as severe ADL disability [19].

Statistical analysis

Demographic and clinical features were presented using
mean and standard deviation for continuous variables with
approximately normal distribution or median and inter-quar-
tile range [IQR] for numerical variables with asymmetric
distribution; frequency and percentage were reported for
dichotomous variables.

The characteristics of patients were compared according
to gender and the presence of sarcopenia and sarcopenic
obesity, using Student’s ¢-test and Pearson’s Chi-squared test
for continuous and categorical variables, respectively.

The variables significatively related to the prevalence of
sarcopenia were included in a multivariable logistic regres-
sion analysis and results were reported as odds ratio and
95% confidence interval (OR 95% CI). P value <0.05 were
considered statistically significant.

Statistical analyses were performed using Software R
3.5.0 (R Core Team (2020). R: A language and environment
for statistical computing. R Foundation for Statistical Com-
puting, Vienna, Austria. URL https://www.R-project.org/.).

Table 1 Selected baseline characteristics according to different definitions

Results

Selected demographic and clinical characteristics of enrolled
patients are shown in Table 1, according to the presence
of sarcopenia. Participants with sarcopenia diagnosed by
EWGSOP2 and FNIH definitions were 190 (29.5%) and
146 (23.9%), respectively. According to EWGSOP?2 criteria,
sarcopenic patients were older and had a lower BMI than
participants without sarcopenia; moreover, the prevalence
of osteoporosis, weight loss in the previous 6 months, and
impaired cognitive function was more common in the sarco-
penic subgroup. On the other hand, compared with patients
without sarcopenia (FNIH criteria), a greater BMI and a
higher prevalence of severe ADL disability, chronic obstruc-
tive pulmonary disease, type 2 diabetes, poorer cognitive
performance, higher CCI and number of drugs was present
among sarcopenic participants.

The prevalence of FNIH defined sarcopenic obesity was
7.4% (n=45), whereas, no patients were defined as obese in
the sarcopenic group based on EWGSOP2 criteria (Fig. 1).
Moreover, according to FNIH definition, sarcopenic obesity
was more common among women than among men (47.9%
vs 22.4%, p=0.003).

Overall prevalence of diabetes was 32.8%, with likelihood
of having diabetes being related to sarcopenia differently
according to diagnostic criteria used. After muscle mass
standardization for height2 (EWGSOP2 criteria), 23.7%
of sarcopenic and 30.8% of non-sarcopenic patients were
affected by diabetes (p =0.101), whereas, after standardiza-
tion by BMI (FNIH criteria), the prevalence of diabetes was

EWGSOP2 FNIH

No Sarcopenia Sarcopenia p No Sarcopenia Sarcopenia p
N (%) 471 (77.2) 139 (22.8) 464 (75.9) 146 (23.9)
Age, mean+SD 80.2+6.5 82.4+6.8 <0.001 80.6+6.6 80.9+6.7 0.627
Male sex (%) 44.2 64.0 <0.001 42.0 67.1 <0.001
BMI, mean +SD 27.6+4.9 22.5+3.1 <0.001 25.8+4.8 28.2+54 <0.001
Weight loss (%) 39.1 56.1 0.003 442 41.5 0.571
Severe ADL disability (%) 214 30.2 <0.001 20.0 342 <0.001
SPMSQ, median [IQR] 2[1;3] 2[1;4] 0.001 2(1, 4] 3(1,4] 0.027
Congestive heart failure (%) 16.4 19.4 0.397 16.8 17.8 0.780
Type 2 diabetes (%) 30.8 23.7 0.101 26.9 36.3 0.030
COPD (%) 26.5 26.6 0.869 23.7 35.6 0.004
Charlson Comorbidity Index, 312,5] 3(2,4] 0.705 3[1,4 312,5] 0.027

median [IQR]

Number of drugs, mean+ SD 6.1+2.9 6.1+£2.7 0.837 59+29 6.5+£2.7 0.450

p p value, SD standard deviation, BMI body mass index, ADL activity of daily living, SPMSQ Short Portable Mental Status Questionnaire, /QR

interquartile range, COPD chronic obstructive pulmonary disease
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36.3% in sarcopenic subgroup and 26.9% in non-sarcopenic
one (p=0.030) (Fig. 2).

Finally, the strength of the association between the preva-
lence of diabetes and sarcopenia was assessed by multivari-
able logistic regression analysis.

In analyses adjusted for age and gender, patients with
diabetes had a greater likelihood of being sarcopenic accord-
ing to ENIH criteria (OR 1.73; 95% CI 1.13-2.64), whereas
diabetes was not associated to sarcopenia prevalence when
defined according to EWGSOP?2 criteria (OR 0.84; 95% IC:
0.53-1.31). Adjustment for functional status and comorbid-
ity did not modify the relationship between diabetes and sar-
copenia (Table 2—Model 3). Additional adjustment for BMI
(Table 2—Model 4) significantly attenuated the strength of
the association between diabetes and FNIH-defined sarco-
penia; conversely, the strength of the association with EWG-
SOP2 was substantially increased after adjustment for BMI,
although without reaching the statistical significance (OR
1.44;95% CI1 0.91-2.27).

Discussion
Our data confirm the poor concordance between the two
current diagnostic criteria of sarcopenia: indeed, the FNIH

and the EWGSOP?2 criteria identify different groups of
patients and, particularly, the EWGSOP2 criteria do not
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capture people with sarcopenic obesity. Thus, we were
able to identify patients with sarcopenic obesity only by
using FNIH criteria, finding a prevalence of 7.4%. Because
the methods and the cut-off used to evaluate muscle
strength and physical performance are equivalent [7, 8],
the different population identified by the two criteria are
probably due to the different methods used to identify sub-
jects with reduced muscle mass. Thus, while EWGSOP2
criteria standardizes the appendicular muscle mass for
the patient’s height squared without considering the body
weight, the FNIH criteria uses BMI, therefore, including
the patient’s weight [7, 8]. Indeed, the two methods used
for appendicular muscle mass standardization captured
two groups of patients with significantly different BMI
and different prevalence of obesity.

This is the first study that investigated the role of EWG-
SOP2 and FNIH criteria in estimating the prevalence of
sarcopenic obesity in hospitalized older patients; our
findings based on a multicenter and prospective cohort
extended the results of previous reports [20, 21].

The prevalence of diabetes, a metabolic condition
related to both obesity and sarcopenia, was also differ-
ent in sarcopenic patients according to the two diagnostic
criteria: using FNHI criteria, diabetes was significantly
more common among the sarcopenic group than in the
non-sarcopenic counterpart; conversely, patients with
sarcopenia diagnosed by EWGSOP2 definitions had

EWGSOP2
Normotype

Fig. 1 Prevalence of sarcopenic obesity according to FNIH and EWGSOP?2 criteria
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Fig.2 Prevalence of diabetes related to sarcopenia diagnosed by EWGSOP2 or FNIH criteria
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Table 2 Association between
diabetes and sarcopenia by

FNIH EWGSOP2
® Sarcopenia  ® Normotype
Model 1 Model 2 Model 3 Model 4
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

FNIH criteria definition

adjusted for potential
confounders

FNHI criteria
Diabetes
Age (years)
Gender (M)
BADL
SPMSQ
Charlson Index
BMI

EWGSOP?2 criteria

Diabetes

Age (years)
Gender (M)
BADL
SPMSQ
Charlson Index
BMI

1.55 (1.04-2.29)

0.70 (0.45-1.08)

1.73 (1.13-2.64)
1.03 (0.68-1.57)
2.94 (1.93-4.46)

0.84 (0.53-1.31)
1.07 (0.68-1.67)
2.65 (1.69-4.16)

1.58 (1.04-2.41)
1.02 (0.67-1.54)
3.16 (2.08-4.81)
1.17 (0.77-1.78)
0.96 (0.63-1.46)
1.05 (0.69-1.59)

0.79 (0.50-1.25)
1.05 (0.67-1.67)
273 (1.72-4.31)
1.10 (0.70-1.74)
0.98 (0.62-1.54)
1.02 (0.64-1.61)

1.33 (0.87-2.04)
1.04 (0.68-1.58)
3.88 (2.53-5.93)
1.16 (0.76-1.77)
0.97 (0.63-1.48)
1.02 (0.67-1.57)
1.13 (0.74-1.73)

1.44 (0.91-2.27)
1.04 (0.66-1.65)
4.73 (2.98-7.49)
1.17 (0.74-1.85)
0.98 (0.62-1.55)
1.09 (0.69-1.73)
0.68 (0.43-1.07)

Model I unadjusted, Model 2 adjusted for age and gender, Model 3 adjusted for age, gender, Basic Activity
of Daily Living, Short Portable Mental Status Questionnaire and Charlson Index, Model 4 adjusted for age,
gender, Basic Activity of Daily Living, Short Portable Mental Status Questionnaire, Charlson Index and
Body Mass Index, OR odds ratio, CI confidence interval

a lower prevalence of diabetes compared to non-sarco-
penic patients [22, 23]. These results might be certainly
explained by the different anthropometric characteristics
of EWGSOP2-defined sarcopenic patients because these

criteria tend to select underweight patients excluding those
with obesity, a condition strongly associated with diabe-
tes [24—26]. Moreover, several studies have demonstrated
the presence of pathophysiological mechanisms linking
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diabetes to sarcopenia, including but not limited to the
reduced muscle protein synthesis with increased protein
catabolism caused by the direct effect of insulin resistance
on muscle fibers or the reduction in moto-neurons due
to diabetic peripherical neuropathy that leads to muscle
atrophy [10, 27-29].

Likewise, in our study the association between diabetes
and sarcopenia was confirmed also by multivariable logis-
tic regression analysis, adjusting for potential confounders:
diabetes was associated with a higher likelihood of having
sarcopenia if assessed by FNIH criteria, while no correla-
tion was demonstrated using EWGSOP?2 criteria. Further-
more, in the final model adjusted for BMI, the associa-
tion between diabetes and FNIH-defined sarcopenia was
no longer significant reinforcing the role of obesity as a
potential confounder. Using EWGSOP2 criteria, multivari-
able logistic regression analyses demonstrated an inverse
relationship between diabetes and the likelihood of being
sarcopenic; nevertheless after further adjustment for BMI
the association became direct, with diabetic patients hav-
ing almost a 50% increase likelihood of being sarcopenic,
although the estimate did not reach the statistical signifi-
cance. Overall, these finding support the hypothesis that
body mass should be included into operational definitions
of low muscle mass [30].

In interpreting these findings some limitations should
be considered. First, the diagnosis of sarcopenic obesity
was simply made considering the presence of sarcopenia
in subjects with BMI > 30. Second, the assessment of sar-
copenia was performed in acutely ill patients, with pos-
sible transient impairment in muscle strength, unrelated to
sarcopenia. Third, the study was conducted on a sample of
hospitalized patient, thus these results have limited exter-
nal validity.

Conclusions

The method used for appendicular muscle mass standardiza-
tion significantly affects the association of sarcopenia with
obesity and type 2 diabetes, with standardization for height?
(EWGSOP2 criteria) having very low sensitivity for inter-
cepting patients with sarcopenic obesity. Previous studies
had already shown that EWGSOP2 and FNIH criteria have
different construct and identify different patients: therefore,
it is well known that they cannot be used interchangeably
[20, 21, 31, 32]. Our findings add to this body of evidence,
with a specific reference to the diagnosis of sarcopenic obe-
sity and its relationship with diabetes. Further research is
needed to examine consistency of sarcopenia definitions
to overcome the discrepancy between current diagnostic
criteria.
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