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Background: To date, the accuracy of bio-impedance (BIA) to assess body composition & sarcopenia in
persons aged 80 and over remains unclear.
Objective: We aimed to evaluate the agreement between dual energy X-ray absorptiometry (DXA) and
BIA equations to determine lean mass, as well as their suitability to identify sarcopenia.
Design: 174 community dwelling well-functioning persons (83 women, 91 men) aged 80 and over were
included. Appendicular lean mass (ALM) was predicted using BIA-based equations available in literature,
and compared to DXA outcomes. Through cross-validation and stepwise multiple linear regression, a
new ALM-formula was generated suitable for this population.
Results: Literature-based BIA equations systematically overestimated ALM. The new prediction formula
that we propose for the 80þ is: ALM ¼ 0,827þ(0,19*Impedance Index)þ(2,101*Sex)þ(0,079*Weight);
R2 ¼ 0,888; SEE ¼ 1,450 kg.
Sarcopenia classification based on our new BIA equation for ALM showed better agreement with DXA
(k � 0,454) compared to literature-based BIA equations (k < 0,368).
Conclusions: Despite the high correlation between both methods, literature-based BIA equations
consistently overestimate ALM compared to DXA in persons aged 80 and over. We proposed a new
equation for ALM, reaching higher agreement with DXA and thus improving the accuracy of BIA for this
specific age group.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Body Composition (BC) data provide valuable information and
are often used to represent the changes in muscular function
associated with ageing [1]. One of the most important conditions
occurring in an ageing population is sarcopenia, which was initially
described by Rosenberg in 1989 [2]. Baumgartner was the first to
report the prevalence of this phenomenon [3]. He defined
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sarcopenia solely by decreased appendicular skeletal muscle mass,
measured by dual energy X-ray absorptiometry (DXA). Nowadays,
sarcopenia is a widely studied phenomenon caused by i.a. inflam-
mation, nutritional deficiencies and chronic diseases. This age-
related syndrome is known to be highly associated with func-
tional decline, disability and frailty, which highlights the impor-
tance of research on this condition [4,5].
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Abbreviations list

ALM Appendicular Lean Mass
ALMI Appendicular Lean Mass Index
BC Body Composition
BIA Bioelectrical Impedance Analysis
BMC Bone Mineral Content
BUTTERFLY BrUssels sTudy on The Early pRedictors of FraiLtY
CT Computerized Tomography
DXA Dual Energy X-ray Absorptiometry
EWGSOP European Working Group on Sarcopenia in Older

People

FFM Fat Free Mass
FM Fat Mass
I Impedance
IWGS International Working Group on Sarcopenia
LST Lean Soft Tissue
MMSE Mini Mental State Examination
MRI Magnetic Resonance Imaging
R Resistance
SMM Skeletal Muscle Mass
UZ Brussel Universitary Hospital Brussels
VUB Vrije Universiteit Brussel
Xc Reactance
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Several working groups defined different consensus based di-
agnoses of sarcopenia. The EuropeanWorking Group on Sarcopenia
in Older People (EWGSOP) recommended using the presence of
both low muscle mass and low muscle function (strength or per-
formance) as diagnostic criteria for sarcopenia whereas the Inter-
national Working Group on Sarcopenia (IWGS) proposed to use the
loss of muscle mass alone or in conjunctionwith increased fat mass
[5e7]. Besides the age-related loss of muscle mass, other changes in
BC which may be partly responsible for shifts in muscle weakness
(such as increasing intramuscular fat) are considered [8]. After all,
ageing is linked with the redistribution of fat mass to ectopic lo-
cations, such as skeletal muscles and liver [9,10]. This awakens the
interest in the introduction of fat mass as an alternative definition
of sarcopenia, which has been suggested by several researchers
[11e13].

Generally accepted methods for the assessment of muscle mass
are Magnetic Resonance Imaging (MRI) and Computerized To-
mography (CT). Given their reliability and preciseness, they are
considered as gold standards [7,14]. However, they come with a
high cost and a low accessibility [15]. The use of DXA in order to
measure BC, in terms of lean soft tissue, fat mass and bone mineral
content of young and older subjects, is widely accepted [16,17].
Despite the fact that some disadvantages have been recognized in
literature, it is often used as criterion method [17,18]. However, the
DXA instrument is expensive and non-portable, which does not
facilitate its use in clinical practice [19]. Bioelectrical Impedance
Analysis (BIA) may be considered as an interesting option, offering
an inexpensive, portable alternative for DXA enabling rapid and
accurate estimates of lean mass via prediction formulas. BIA,
however, tends to slightly overestimate lean mass [20]. Both mea-
surement methods, BIA [21] and DXA [22], are currently being used
in the assessment of sarcopenia in the population of older adults.

Several prediction formulas have been developed to determine
ALM using BIA [23e25]. The prediction formulas found in literature
focus on older adults aged 60 or 65 years and over [23,25] or on a
younger cohort [24]. BC, however, changes significantly over time,
even in the oldest old [26]. For this specific age group, no prediction
formulas or gender-specific cut-offs for the classification of sarco-
penia exist.

The overall aim of this study is to determine the prevalence of
sarcopenia in a well-functioning community dwelling population
aged 80 and over, by using BIA. We will compare DXA-based and
BIA-based ALM data. Subsequently, a new prediction formula for
ALM will be created. Next, we will analyze the prevalence of sar-
copenia in this population in terms of the EWGSOP cut-offs, by
comparing the DXA-measured and BIA-predicted appendicular
lean mass index (ALMI). Both existing and newly suggested pre-
diction formulas for ALM are analyzed. Finally, cut-offs for the
classification of sarcopenia based on this cohort are evaluated.
2. Materials and methods

2.1. Study design

Body composition data were collected in the BUTTERFLY study
(BrUssels sTudy on The Early pRedictors of FraiLtY), a longitudinal
observational cohort study in the oldest old, originating from the
Vrije Universiteit Brussel (Belgium). This studywas approved by the
ethical committee of UZ Brussel (B.U.N. 143201421976). Informed
consent was obtained from all participants and the privacy rights of
human subjects was observed at all times. For this article, the
baseline data were used and cross-sectionally analyzed. The
STROBE checklist for cohort, caseecontrol, and cross-sectional
studies was used as a reporting guideline [27].

2.2. Setting and participants

Between February 2015 and April 2017, community dwelling
well-functioning adults (male or female) aged 80 years and over
were recruited for participation in the BUTTERFLY study. Volun-
teers were recruited through advertisements on site at the hospital,
at the university, via health insurance companies, general practi-
tioners and pharmacies. They were invited at the University Hos-
pital in Jette, Belgium, for an extensive test battery. People
underwent standard medical tests (blood analysis, lung and cardiac
function control, depression history, assessment of comorbidities
etc.), physical tests (body composition, muscle strength and
endurance tests, walking speed etc.) and psychosocial tests (ques-
tionnaires for social behavior, relationships, cognitive functioning
etc.) in order to determine medical, physical and psychosocial
capacities.

Participants were allowed to take part in the study if they were
aged 80 years or older and if they were able to walk, lived inde-
pendently at home and if they were mentally fit (MMSE>23/30).
Volunteers were excluded if they were recently diagnosed with
cancer or if they underwent surgery or any radiotherapy or
chemotherapy during the past sixmonths. Also, in case of a planned
surgery, radiotherapy or chemotherapy in the near future, partici-
pation in the study was not allowed.

2.3. Variables and measurement methods

2.3.1. Anthropometry
Anthropometry included the measurement of weight, height,

waist and hip circumference. Weight was measured using a SECA
scale (model 877, type 3) to the closest of 0,1 kg. Height was
determined using a measuring rod to the nearest of 0,1 cm, which
was incorporated in the SECA balance. Waist and hip circumfer-
ences were obtained using a flexible steel measuring tape (Lufkin,
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W606PM). After complete expiration, waist circumference was
measured above the upper most lateral boarder of the ilium. Hip
circumferencewas taken around thewidest portion of the buttocks.
Both circumferences were measured up to the nearest of 0,1 cm.

2.3.2. Dual energy X-Ray absorptiometry
Body composition of the participants was measured using a fan

beam whole body DXA device (Hologic 4500 QDR upgraded to
Discovery [Bedford, Massachusetts, USA]). The DXA scanmachine is
able to distinguish fat mass (FM), bone mineral content (BMC) and
lean soft tissue (LST) on the basis of tissue density using two X-ray
beams with differing energy levels [28,29]. The DXA instrument
was calibrated daily using the spine phantom provided by the
manufacturer. Additionally, a step phantom calibration was per-
formed on a weekly basis. For standardization purposes of the
scans, the files from the original DXAmachine were transferred to a
computer where they were analyzed using Apex system software
version 4.0.2. The scans were blinded and independently processed
by two different researchers. The segmentation protocol as
described by Scafoglieri et al. was used to uniform measurements
[30].

2.3.3. Bioelectrical Impedance Analysis (BIA)
Body composition of the participants was also measured using

BIA, a method based on the principle that various human tissues
have different conductive and resistive properties at different fre-
quencies of an administered alternating electrical current [31]. BIA
measures resistance (R) and reactance (Xc) parameters through
which appendicular lean mass (ALM), skeletal muscle mass (SMM)
and fat-free mass (FFM) can be estimated using different prediction
formulas. We used the 50 kHz frequency of the Single-Frequency
Bodystat® QuadScan 4000 with long electrodes (ME400). All
equation formulas applied in this study were developed using
single-frequency BIA, which corresponds to our measurement
method.

Participants were positioned in supine position on an exami-
nation table with their arms slightly separated from the body and
their legs spread. They had to stay in this position for 5 min before
the BIA measurement could be performed (during these 5 min the
participants underwent the DXA measurement). The four contact
points on the skin were degreased before placing the electrodes on
the right hand and foot. Electrodes were placed at the metacarpal-
phalangeal joints and the metatarsal-phalangeal joints on the
dorsal surface of both right hand and foot.

2.3.4. Regression formulas
For comparison between the obtained DXA data and BIA data,

three BIA equation formulas for ALM were used [23e25]. All
formulas were validated against DXA Hologic (Table 1). A new
regression formula for ALM will be proposed for this specific age
group, based on data from our study population.

2.4. Sarcopenia

EWGSOP composed an algorithm for sarcopenia case findings in
older individuals in 2010 [7]. This algorithm consists of three
consecutive measurements: gait speed, grip strength and muscle
mass, eachwith their own cut-off values. These cut-offs are used for
the classification of sarcopenia [7]. Since the focus of this study is
specifically aimed at appendicular muscle mass, only those cut-offs
defined by EWGSOP were used for the classification of sarcopenia.
Data from three BIA equation formulas for ALM (Kyle et al., Sergi
et al. and Scafoglieri et al.) were each compared to the EWGSOP cut-
offs [3,13,32]. Therefore, our ALM values were subjected to a
transformation consisting of a correction for body height (ALM/
height2), since cut-off values were presented as appendicular lean
mass corrected for height.

2.5. Statistical methods

Statistical analysis was performed using SPSS version 24.0
(2016, SPSS Inc. New York, USA). The KolmogoroveSmirnov
Goodness of Fit test was used to determine the normal distribu-
tion of the population. Descriptive statistics of the study population
are presented as mean ± standard deviation (SD). Lowmuscle mass
in the characteristics is defined according to Delmonico's cut-offs
[32]. The values of the BIA equations for the prediction of ALM
were compared with the data obtained by DXA measurements.
Since ALMwas measured using DXA as a criterion reference, paired
samples t-tests and Pearson's correlation coefficients were used in
order to establish differences and correlations between measure-
ment methods [33]. To determine the 95% interval of the differ-
ences between the two measurement methods, limits of
agreements were calculated. To visualize the level of agreement
betweenmethods, Bland and Altman plots were created. In order to
create a new prediction equation for the 80þ, first an at random
allocationwas performed to divide the cohort into two groups: 70%
of the sample for validation and 30% for cross-validation (both
groups contained an equal proportion of males/females and
sarcopenic/non-sarcopenic people). Then, a preliminary equation
for ALMwas calculated using stepwise multiple linear regression in
the 70% group. Independent variables were age, sex, weight,
impedance index (height in cm2/resistance), reactance and waist-
hip ratio. Evaluation of the equation was based on multiple corre-
lations (R2) and standard errors of the estimate (SEE). Cross-
validation was performed in the 30% group, including mean dif-
ferences, correlations and RMSerror as statistics. Ultimately, one
final equation was calculated for ALM based on the total sample,
using stepwise multiple linear regression. Agreement for the clas-
sification of sarcopenia by BIA and DXA measurements was per-
formed by using a Cohen's kappa. For interpreting these results, the
guidelines provided by Landis& Koch were used [34]. To determine
gender-specific cut-offs for this age group, we performed a
Receiver-Operating-Characteristics (ROC) analysis. For a sensitivity
of minimum 95%, which was set a priori in order to minimize the
number of false negatives, we aimed for a specificity of minimum
85% to ensure its clinical usefulness.

3. Results

3.1. Participants

So far, 189 older adults participated in the BUTTERFLY-study.
However, not all of them provided all the data needed for the
analysis of body composition. Five participants with a pacemaker
were excluded from the analysis, as this is a contraindication for
performing the BIA-assessment. Ten participants were excluded,
since no DXA-scan was performed. One hundred and seventy-four
participants (83 women and 91men, age range 80e95) were finally
considered for analysis. Characteristics of the study population as
well as the DXA and BIA outcomes are summarized in Table 2. Mean
values regarding BMI were 26,4 ± 3,9 kg/m2 for women and
27,0 ± 3,2 kg/m2 for men. When considering the waist-hip ratio of
our population, a mean of 0,90 for women and 0,98 for men was
found, which can be considered as obese and overweight, respec-
tively [35]. In total, 19,5% of the participants had undergone a total
joint replacement (mainly hip or knee arthroplasty), but this
explained only 2,4% of the variance in ALM. Low or normal muscle
mass was determined according to Delmonico's DXA-based cut-offs
for the diagnosis of sarcopenia (Men: <7,25 kg/m2, women



Table 1
Summary of prediction formulas for ALM.

Author Regression Formula r P-value

Kyle et al., 2003 ALM ¼ �4,211 þ (0,267*H2/R) þ (0,095*W) þ (1,909*sex) � (0,012*age) þ (0,058*Xc) 0,95 <0,001
Sergi et al., 2015 ALM ¼ �3,964 þ (0,227*H2/R) þ (0,095*W) þ (1,384*sex) þ (0,064*Xc) 0,94 <0,001
Scafoglieri et al., 2017 ALM ¼ 4,957 þ (0,196*H2/R) þ (0,06*W) � (2,554*sex) 0,90 <0,001

DXA ¼ dual energy X-ray absorptiometry; H ¼ height (cm); R ¼ resistance (U); W ¼ weight (kg); Xc ¼ reactance (U); sex ¼ men: 1, women: 0, r ¼ correlation.
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<5,67 kg/m2), assigning almost 44% of the total populationwith low
muscle mass [32].
3.2. Comparison of ALM (DXA vs BIA)

ALM was measured using DXA as a criterion reference. BIA
equation formulas from different researchers (Kyle et al., Sergi et al.
and Scafoglieri et al.) were used to predict ALM. Means as well as
standard deviations of ALM are described in Table 3. High correla-
tions were found between DXA and BIA equations for ALM; 0.93,
0.92 and 0.93 for the equations proposed by Kyle et al., Sergi et al.
and Scafoglieri et al., respectively.

Mean differences between methods (ALMDXA e ALMBIA) were
calculated for each formula (Table 3). The smallest mean difference
was found for BIASergi: 0,88 kg (95%CI [0,64 to 1,13 kg]; p < 0,001).
The highest mean difference was found using BIAKyle: 1,94 kg (95%
CI [1,67 to 2,22 kg]; p < 0,001). According to those data, BIA has the
tendency to overestimate ALM. To visualize the level of agreement
between methods, Bland and Altman plots were created (Fig. 1).
3.3. Derivation of a BIA-equation for ALM

3.3.1. Preliminary equation and cross-validation
After the random allocation of the cohort into two comparable

groups (70% and 30%), a preliminary BIA-equation for ALM was
calculated using multiple linear regression models. Independent
variables were age (years), sex (0 ¼women, 1 ¼ men), weight (kg),
impedance index (height in cm2/resistance (U)), reactance (U) and
waist-hip ratio (analysis with waist circumference and hip
circumference separately provided the same results). Selected
variables for the formula were impedance index, weight and sex.
Table 2
Characteristics of the study population.

Total (n ¼ 174)

General Characteristics
Age 83,3 ± 3,0
MMSE (score/30) 27,9 ± 2,0
Handgrip strength (kPa) 57,5 ± 17,1
Gait speed (m/s) 1,1 ± 0,4
Comorbidities 3,5 ± 2,1
Arthroplasty (%) 20%
Anthropometrics
Height (cm) 163,7 ± 8,7
Weight (kg) 71,9 ± 12,5
BMI (kg/m2) 26,8 ± 3,5
Waist-Hip ratio 0,94 ± 0,09
Dual energy X-ray Absorptiometry
Lean Mass (kg) 43,9 ± 8,7
Appendicular Lean Mass (kg) 18,4 ± 4,3
Low muscle mass (n) 76
Bioelectrical Impedance Analysis
Resistance (U) 488,6 ± 76,5
Reactance (U) 42,9 ± 9,1
Impedance Index (cm2/U) 56,8 ± 13,0

Mean and standard deviation (SD) are raw data obtained by anthropometrics, DXA sca
s ¼ meter/second; low muscle mass according to Delmonico et al. (2007); U ¼ ohm
Cross-validation in the 30% group was successful (Table 4), with
no significant differences between DXA-derived and BIA-observed
ALM (p < 0,001). A low mean difference of 143 g was established.
It should be noted that in this analysis BIA overestimates ALM
compared to DXA.

3.3.2. Final BIA-equation
Given the successful cross-validation, a new BIA equation for-

mula for ALM was developed using the whole sample. The
impedance index was the most substantial predictor with an R2 of
0,836. Cumulative R2 (combined with sex and weight) explained up
to 89% of the variability. Table 5 displays the new prediction for-
mula constructed from the complete sample and Fig. 2 shows the
Bland and Altman plot on the agreement between DXA and
BIAButterfly.

3.4. Prevalence and agreement of sarcopenia

Values for ALM originating from the existing and new BIA
prediction formulas were corrected for height, according to the
standard reference cut-offs for the diagnosis of sarcopenia pro-
posed by EWGSOP, and based on ALM [7]. They were then
compared to their matching cut-offs in order to diagnose people
as either normal or sarcopenic. Results of these comparisons are
presented in Table 6.

3.4.1. DXA
When using Baumgartner's cut-offs, the classification resulted

in 59 people (34%) diagnosed as sarcopenic [3]. By applying New-
man's and Delmonico's cut-offs on the other hand, a larger number
of subjects (n ¼ 76 (44%) and n ¼ 75 (43%), respectively) was
diagnosed with sarcopenia (Table 6) [13,32].
Men (n ¼ 91) Women (n ¼ 83)

83,3 ± 2,9 83,3 ± 3,0
28,3 ± 1,7 27,3 ± 2,1*
67,5 ± 16,5 46,6 ± 9,2*
1,1 ± 0,4 1,0 ± 0,2y

3,1 ± 2,1 4,0 ± 2,1y

15% 24%

169,2 ± 7,0 157,7 ± 6,0*
77,5 ± 11,4 65,8 ± 10,6*
27,0 ± 3,2 26,4 ± 3,9
0,98 ± 0,07 0,90 ± 0,09*

50,2 ± 6,4 37,0 ± 4,5*
21,5 ± 3,2 14,9 ± 2,2*
38 38

442,2 ± 52,9 539,5 ± 65,3*
40,4 ± 5,8 45,5 ± 11,1*
65,8 ± 9,8 47,0 ± 8,0*

ns and BIA values. MMSE¼MiniMental State Examination; kPa¼ KiloPascal; m/
; *p < 0,001; yp < 0,05.



Table 3
Summary of statistics.

Author prediction formula BIA predicted values (kg) DXA observed values (kg) Mean difference (kg) (95% CI) Limits of agreement (kg) r

Appendicular Lean Mass
Kyle et al., 2003 20,3 ± 4,9 18,4 ± 4,3 1,94 (1,67; 2,22) �1,66; 5,54 0,93*
Sergi et al., 2015 19,3 ± 4,2 18,4 ± 4,3 0,88 (0,64; 1,13) �2,34; 4,11 0,92*
Scafoglieri et al., 2017 19,5 ± 3,9 18,4 ± 4,3 1,06 (0,81; 1,30) �2,11; 4,22 0,93*

Mean and standard deviations (SD) of observed values by DXA and predicted values by BIA are shown. CI ¼ confidence interval; Limits of agreement were calculated as mean
difference ±1,96 times SD; r ¼ Pearson's Correlation; *p < 0,001.

Fig. 1. Bland and Altman plots: ALM according to DXA and BIA. Bland and Altman plots to show the agreement between DXA and BIA for the measurement of ALM. The solid line
represents the mean, dotted lines illustrate the upper and lower limits of agreement.

Table 4
Cross-validated prediction formula.

Preliminary BIA-equation (70% of cohort) Cross-validation (30% of cohort)

Equation formula R2 SEE p Mean difference r RMSerror

ALM 0,684 þ (0,175*I) þ (0,092*W) þ (2,279*S) 0,884 1,477 <0,001 �0,143 (�0,533; 0,247) 0,945* 1,409

ALM ¼ Appendicular Lean Mass, R2 ¼ Coefficient of determination, SEE ¼ Standard Error of the Estimate, r ¼ Pearson's correlation, RMSerror ¼ Root Mean Squared error,
I ¼ Impedance index (cm2/U), W ¼ Weight (kg), S ¼ Sex (women ¼ 0, men ¼ 1), Xc ¼ Reactance (U); *p < 0,001.
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3.4.2. BIA existing formulas
For each gender specific cut-off suggested by EWGSOP, the

prevalence of sarcopenia based on the existing equation formulas is
presented in Table 6. According to BIASergi and BIAScafoglieri, sarco-
penia is more frequent in men. BIAKyle does not result in differences
between males and females, but does show an obviously lower
prevalence of sarcopenia than the other formulas.
The Cohen's kappa values never exceeded 0.4, which in-
dicates slight to fair agreement [36]. The highest agreement was
found when comparing ALMI (Appendicular Lean Mass Index)
for DXA with BIASergi using Baumgartner's cut-off values
(k ¼ 0,37). The lowest agreement was found when comparing
ALMI for DXA with BIAKyle using Delmonico's and Newman's cut-
off values (k ¼ 0,19). All Cohen's kappa's were significant. ALMI



Table 5
Final BIA-equation formula for ALM.

Equation R2 SEE p

ALM 0,827 þ (0,19*I) þ (2,101*S) þ (0,079*W) 0,888 1,450 <0,001

ALM ¼ Appendicular Lean Mass, R2 ¼ Coefficient of determination, SEE ¼ Standard
Error of the Estimate, I ¼ Impedance index (cm2/U), W ¼ Weight (kg), S ¼ Sex
(women ¼ 0, men ¼ 1).

Fig. 2. Bland and Altman plot: ALM according to DXA and BIAButterfly. Bland and Altman
plot to show the agreement between DXA and BIAButterfly for the measurement of ALM.
The solid line represents the mean, dotted lines illustrate the upper and lower limits of
agreement.

Fig. 3. Appendicular Lean Mass Index according to DXA and ALM prediction formulas.
Sex specific bar plots on the mean ALMI observed by DXA and predicted by BIA pre-
diction formulas. ALM was corrected for height (kg/m2). The horizontal lines represent
Delmonico's cut-offs for sarcopenia (Men: < 7.25 kg/m2; Women: < 5.67 kg/m2).
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by BIASergi classified the highest number of participants as sar-
copenic for all three cut-offs. In general, when comparing results
from ALMI for DXA with these of BIA, the number of participants
diagnosed with sarcopenia was higher for DXA for all three cut-
off values.

3.4.3. BIA BUTTERFLY
With our new prediction formula, a higher prevalence of sar-

copenia was established, regardless the EWGSOP cut-off [6]. A
moderate agreement was established for all cut-offs: Baumgartner
k ¼ 0,45; Delmonico k ¼ 0,51 and Newman k ¼ 0,48, implying
greater accordance with DXA measurements.
Table 6
Prevalence of sarcopenia by DXA and BIA.

EWGSOP Cut-offs Prevalence of Sarcopenia DXA Prediction

Total n (%) Male (n) Female (n)

Baumgartner
Men: <7,26 kg/m2
Women: <5,5 kg/m2

59 (34%) 38 21 Kyle et al.
Sergi et al
Scafoglieri
BUTTERFL

Delmonico
Men: <7,25 kg/m2
Women: <5,67 kg/m2

76 (44%) 38 38 Kyle et al.
Sergi et al
Scafoglieri
BUTTERFL

Newman
Men: <7,23 kg/m2
Women: <5,67 kg/m2

75 (43%) 37 38 Kyle et al.
Sergi et al
Scafoglieri
BUTTERFL

Prevalence of sarcopenia according to DXA-measurements and BIA-prediction formulas.
In Fig. 3, a comparison is made between DXA, the existing pre-
diction formulas and the newly proposed formula for ALM (But-
terfly) corrected for height (kg/m2). The cut-offs for sarcopenia
according to Delmonico et al. (2007) are represented by the hori-
zontal lines. DXA measured and BIAButterfly predicted ALMI show
the highest agreement with the suggested cut-offs.

3.5. BIA-based cut-offs for the classification of sarcopenia

A Receiver-Operating-Characteristics (ROC) analysis was per-
formed in order to verify whether gender-specific cut-offs for sar-
copenia can be proposed. The AUC for womenwas 0,77 and for men
0,86. For the women in our cohort, with a sensitivity higher than
95%, we reached a specificity of 40% at the cut-off level of 5,49 kg/
m2. For the male participants, the same level of sensitivity yielded a
specificity of 47% at the cut-off level of 6,98 kg/m2.

4. Discussion

The main aim of this study was to analyze the prevalence of
sarcopenia in a well-functioning community dwelling population
aged 80 years and over, by using bio-electrical impedance analysis.
Subsequently, the agreement between DXA measured and BIA
formula BIA Prevalence of Sarcopenia BIA Cohen's Kappa

Total n (%) Male (n) Female (n)

(2003) 14 (8%) 9 5 0,228
. (2015) 28 (16%) 23 5 0,368
et al. (2017) 23 (13%) 17 6 0,307
Y (2017) 50 (29%) 32 18 0,454

(2003) 17 (10%) 9 8 0,194
. (2015) 31 (18%) 22 9 0,287
et al. (2017) 26 (15%) 17 9 0,268
Y (2017) 57 (33%) 31 26 0,507

(2003) 17 (10%) 9 8 0,198
. (2015) 29 (17%) 20 9 0,241
et al. (2017) 25 (14%) 16 9 0,335
Y (2017) 56 (32%) 30 26 0,480

Agreement is determined with Cohen's kappa. All kappa's are p < 0,001.
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predicted ALMI data was calculated for the classification of
sarcopenia.

This study focuses on a group of older adults aged 80 years and
over, a group that is highly underrepresented in terms of research
for body composition. Similar studies were mostly performed
considering either geriatric [20], hospitalized [37] or younger
population groups [38]. Therefore, a comparison with previously
reported outcomes might appear to be divergent. When describing
our participants (Table 2), we defined low muscle mass based on
the DXA-based cut-offs suggested by Delmonico et al. (2007) [32].
We chose to apply this cut-off since it implicates the smallest
chance for false negatives, which is an important reasoning for
clinical practice.

4.1. Prediction formulas

In accordance with previous prediction formulas found in
literature, certain parameters were suggested to calculate a final
prediction formula through stepwise multiple linear regression:
age, sex, weight, impedance index, reactance, and waist-hip ratio
[23e25]. Impedance index, sex and weight were consistently pre-
sent in all formulas found in literature, as well as in our newly
suggested prediction formula.

Despite the high correlations found for DXA measured and BIA
predicted ALM, a systematic overestimation by BIA was found, in
accordance with existing literature [20,37,39]. The smallest mean
difference was found for BIASergi, 0,88 kg (95%CI [0,64 to 1,13 kg];
p < 0,001) which can be considered evident since their formulawas
composed for healthy Caucasian older adults [23]. Since the equa-
tion of Kyle was composed for a population aged 20 to 94 it might
not come as a surprise that this mean difference was the highest of
all three (1,94 kg (95%CI [1,67 to 2,22 kg]; p < 0,001)) [24]. The
equation proposed by Scafoglieri et al. was developed for a popu-
lation with functional limitations. Considering the age of their
population (77,6 ± 6,9), the rather low mean difference can be
explained [25].

4.2. Sarcopenia

Interestingly, there has been some disagreement in literature on
the prevalence of sarcopenia. We expected this well-functioning
population to be comparable to other investigated robust pop-
ulations [23]. However, our study population showed remarkably
more sarcopenic subjects than in some studies [40e42], but less
than in other studies [43]. Based on the existing prediction for-
mulas, all Cohen's kappa's showed slight to fair agreement
(Table 6). The highest kappa was found each time when using
Baumgartner's cut-offs. It is striking that the EWGSOP cut-offs are
much more divergent for women (max. difference of 0,17 kg/m2)
than for men (max. difference of 0,03 kg/m2). This implies that 10%
more women are found sarcopenic according to Delmonico's and
Newman's cut-offs compared to Baumgartner, by applying the
Butterfly ALMI. This is an interesting finding, emphasizing the
limitation of applying cut-offs for clinical decision making and the
importance of the grey zone around these cut-offs. The strongest
agreement for the classification of sarcopenia was found between
DXA and BIAButterfly. Nevertheless, no substantial agreement was
found for this classification. Given the high age of our study pop-
ulation, heterogeneity might partly explain why these kappa's are
not higher. Another explanation might be that EWGSOP cut-offs
used to classify into sarcopenic and non-sarcopenic were based
on studies using DXA as reference method. BIA-based cut-offs for
absolutemusclemass are alsomade available by EWGSOP, but none
for appendicular lean mass [7]. This highlights the fact that no BIA-
based cut-offs for ALMI have been described for the classification of
sarcopenia. Therefore, we performed a Receiver-Operating-
Characteristics (ROC) analysis, to verify whether gender-specific
cut-offs for sarcopenia can be proposed. Although a fair AUC was
found for women (0,77) and for men (0,86), no good cut-offs for
clinical practice could be established. Abiding by the sensitivity
level which was initially set at 95%, we obtained a low specificity
(40% for women, 47% for men). These results are not satisfying in
reaching a similar identification of sarcopenia as DXA. Neverthe-
less, we should aim for higher agreement when suggesting the use
of BIA in clinical practice, to obtain a minimum of false negatives.

The introduction of fat mass or appendicular fat mass might be
of added value for the definition of sarcopenia. When looking at the
changes in lean and fat mass with ageing, it becomes clear that
there is not only a decrease in muscle mass, but also an increase in
ectopic and visceral fat, partly emerging in muscle and other or-
gans. Given the importance of fat mass in the assessment of BC by
BIA in the context of sarcopenia, and given the previous argu-
mentation on a lack of agreement between the DXA versus BIA
based classification of sarcopenia, we want to suggest research on
the importance of fat in the identification of sarcopenia in clinical
practice. There is an increasing amount of studies on the relation
between fat and sarcopenia, in terms of biomarkers or lean/fat
proportions [44]. Throughout the years, alternative definitions for
BMI, such as waist-hip ratio, have been proposed since they are
more able to predict visceral fat and possibly associated health risks
[45,46]. Furthermore, obesity tends to induce inflammatory pro-
cesses, which on their turn lead to sarcopenia [47]. Combining
these findings with the concept of sarcopenic obesity, which was
described by Baumgartner et al. [48], further research on the
relationship between sarcopenia and obesity in our study popula-
tion is very interesting and clinically relevant [49,50]. Conse-
quently, we want to follow previous research in suggesting
alternative definitions for sarcopenia [12,13].

4.3. Strengths and limitations of the study

To our knowledge, this study is the first to suggest a BIA-based
ALM prediction formula for the oldest old, encouraging sarcope-
nia research in this fast growing age group. Focusing on this group,
however, might influence generalizability of our results. We sug-
gest further research of the newly obtained prediction formula for
ALM in a wider context. In this study, DXA was used as reference
method for determining ALM. However, tissue-system level
multicomponent models, such as CT and MRI, are considered the
gold standards [7,14]. Unfortunately, we did not have access to
those devices. Since the predetermined criterion reference is DXA,
and given the fact that EWGSOP only suggests DXA-validated cut-
offs for the classification of sarcopenia based on appendicular
skeletal muscle mass, we focused on the available literature-based
prediction formulas for ALM. Following this reasoning, we chose
not to use a number of published formulas for total skeletal muscle
mass. Nevertheless, this might be important for sarcopenia
classification.

5. Conclusion

A very high positive correlation (all R � 0,92) was found for
appendicular lean mass obtained by BIA equations compared to
DXA. Despite these correlations, a systematic overestimation of
ALM was found. A new BIA prediction formula was suggested for
ALM, based on our cohort of well-functioning community dwelling
adults aged 80 years and over. For all BIA prediction formulas dis-
cussed, an underestimation for the prevalence of sarcopenia was
observed by comparing DXA to BIA, which was confirmed by the
rather low Cohen's kappa values found. Since the EWGSOP cut-offs
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for ALMI were based on DXA, we suggested BIA-based cut-offs to
determine the prevalence of sarcopenia. Unfortunately, those cut-
offs did not reach a sufficient level of sensitivity and specificity.
Further research to realize good sarcopenia classification based on
BIA-derived equations, possibly including reasonings around fat
mass, is thus necessary.
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