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puted tomography (CT) is increasingly popular for diagnosing low muscle mass. The aim was to
describe the effect of the CT L3 cut-off choice on the prevalence of low muscle mass in medical and
surgical patients. Two hundred inpatients, who underwent an abdominal CT scan for any reason,

were included. Skeletal muscle area (SMA) was measured according to Hounsfield units on a single

Muscle Mass in the Computed CT scan at the L3 level. First, we calculated sex-specific cut-offs, adjusted for height or BMI and set

Tomography at the Third Lumbar at mean or mean-2 SD in our population. Second, we applied published cut-offs, which differed in
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statistical calculation and adjustment for body stature and age. Statistical calculation of the cut-off
led to a prevalence of approximately 50 vs. 1% when cut-offs were set at mean vs. mean-2 SD in our
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population. Prevalence varied between 5 and 86% when published cut-offs were applied (p < 0.001).
The adjustment of the cut-off for the same body stature variable led to similar prevalence distribution
patterns across age and BMI classes. The cut-off choice highly influenced prevalence of low muscle

mass and prevalence distribution across age and BMI classes.
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In the last decade, a boom in computed tomography (CT) studies that analyse muscle
mass could be observed. Typically, total skeletal muscle area (SMA) at the third lumbar
vertebra level (L3) is measured on the CT scan as it highly correlates with whole-body
muscle mass [1,2]. Low muscle mass on the CT at L3 was associated with higher mortality,
longer hospital length of stay or higher infection rates in patients with cancer [3], cardio-
vascular [4] or gastrointestinal [5] disease, critical illness [6] and before or after surgery [7].
However, the cut-off for low muscle mass on the CT at L3 has not been consistently defined.
First, statistical calculation of the cut-offs was different: cut-offs were calculated
either as mean-2 SD [8], median [9], a percentile [10-12] or as a predictor for a cut-off of
another imaging method (dual-energy X-ray absorptiometry (DXA) [13]), as a predictor
for wound complication [14], likelihood of tumour resection [15], mortality [3] or length
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of stay [16]. Second, adjustment of the cut-offs was different: sometimes, SMA was non-
adjusted and expressed in cm? [6,8]. Most often, SMA was divided by squared height
and expressed in cm?/m? [13,17]. Other times, SMA was divided by BMI and expressed
in cm?2/ (kg/ m?) [9,18]. Cut-offs were given for each sex, sometimes even for different
age and BMI groups [10,16]. Cut-off values given for different age groups decreased with
higher age [10,16]. When choosing two CT scans of our study population, SMA and
SMA /BMI were higher in the younger than older patient. Yet, SMA /height? was higher in
the older than younger patient. Similarly, a DXA study showed that the prevalence of low
appendicular skeletal muscle mass (ASM) varied between 5% and 75% depending on the
adjustment of ASM by either height?, weight or BMI [19].

For statistical calculation of the cut-off, the European Working Group on Sarcopenia
(EWGSOP) recommended taking the mean-2 SD of healthy young adults [20]. Meanwhile,
the International Working Group on Sarcopenia (IWGS) recommended taking the 20th
percentile of healthy young adults [21]. For adjustment of the cut-off, the Foundation
for the National Institutes of Health (FNIH) Sarcopenia project recommended adjusting
DXA appendicular lean mass (ALM) by BMI [22,23], because it was most associated with
weakness [23]. The International Working Group on Sarcopenia (IWGS) and the Asian
Working Group for Sarcopenia (AWGS) recommended adjusting DXA ALM by squared
height [21,24]. It therefore remains unclear which definition of which guideline should be
followed.

The study’s aim was to determine the effect of the statistical calculation and the
adjustment of the cut-off on the prevalence of low muscle mass in a mixed hospitalised
population including medical and surgical patients. We used two types of cut-offs for the
CT L3 SMA. First, we calculated new sex-specific cut-offs, which were set at the mean or
mean-2 SD of our patient population and either non-adjusted or adjusted for height? or
BMLI. Second, we applied previously published cut-offs, which highly differed in terms of
statistical calculation, adjustment for body stature and subgroups (sex, BMI and age).

2. Materials and Methods
2.1. Study Design and Population

This prevalence analysis was part of the USVALID prospective observational trial
(clinicaltrials.gov identifier: NCT03160222), which was performed at the Medical University
of Vienna from 2017 to 2019 [25]. Adult surgical or medical inpatients, who underwent an
abdominal CT scan for any clinical reason, were included (Table 1). Ethics approval was
obtained from the Ethics Committee of the Medical University of Vienna. The study was
conducted in accordance with the Declaration of Helsinki.

2.2. Computed Tomography Selection Criteria

We analysed a single CT contrast-enhanced scan at the level of the third lumbar
vertebra L3 where both transverse processes were visible. Measurement was carried out
semiautomatically according to Hounsfield unit values between —29 and 150 HU. Further
details about the computed tomography selection criteria were previously published [25].

2.3. Selection of Cut-Offs for Low Muscle Mass

First, we adjusted SMA for different body stature variables (SMA, SMA /height?,
SMA /BMI). For all adjusted SMA variables, we set sex-specific cut-offs at the mean and
mean-2 SD of our study population (Table 2). Second, we selected 9 previously published
cut-offs for low muscle mass, which we applied in our study population of 200 patients.
The published cut-offs were different in several aspects (Table 3): they were either non-
adjusted in cm? [8,10] or adjusted for squared height (cm?/m?) [3,8,10,13,16,17] or BMI
(cm?/ kg/ m?) [9]. The cut-offs were defined for subgroups of sex [3,8-10,13,16,17], age [16]
and/or BMI [10]. They were statistically calculated as mean-2 SD [8], median [9], 5th
percentile [10] or predicted low muscle mass of another reference method (DXA) [13],
mortality [3,17] or hospital length of stay [16]. They were defined in patients with respira-
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tory or gastrointestinal cancer [3,13,16,17], healthy subjects undergoing routine CT health
examinations [9] or healthy kidney donor candidates [8,10]. Ethnicity was only reported
in 3 studies and was Caucasian [10,13] or Asian [9]. Prevalence of low muscle mass in the

selected published studies ranged from 5 to 53% (Table 3).

Table 1. Baseline characteristics of the study population (n = 200).

Characteristic All (n = 200) Male (n = 118) Female (n = 82)
Age (years) 61.3((1591_.3670‘1) 63.6((1591_‘;?)71.3) 58.9(%%2;)68.8)
g s P s
Height (cm) 172.0 £ 9.4 177.1+73 164.6 + 6.8

(148-197) (160-197) (148-183)
Wik P i
Functional comorbidity 2 (1-3) 2 (1-3) 2 (1-4)
index (FCI) (points) [26] (0-10) (0-7) (0-10)
Kidney injury 21 (10.5) 14 (11.9) 7 (8.5)
Current presence of 88 (44) 48 (40.7) 40 (48.8)
malignant tumour

Surgical wards 135 (67.5) 77 (65) 58 (70.7)

General surgery 71 (35.5) 44 (37.3) 27 (32.9)

Urology 35 (17.5) 23 (19.5) 12 (14.6)

Gynaecology 13 (6.5) - 13 (15.9)
Cardiac surgery 8 (4.0 4(3.4) 4(4.9)
Vascular surgery 5(2.5) 4(3.4) 1(1.2)
Orthopaedic surgery 2 (1.0 1(0.8) 1(1.2)

Thoracic surgery 1(0.5) 1(0.8) 0(0)
Medical wards 65 (32.5) 41 (34.7) 24 (29.3)

Gastroenterology 41 (20.5) 27 (22.9) 14 (17.1)

Oncology 11 (5.5) 4(34) 7 (8.5)
Nephrology 6 (3.0) 4(3.4) 2(2.4)
Cardiology 5(2.5) 4(34) 1(1.2)

Haematology 2 (1.0) 2(1.7) 0(0)
Time between CT and 22 (5-28) 21 (5-27) 22 (6-29)
ultrasound, hours (1-48) (1-48) (1-48)
igﬁgﬁiﬁfggg‘fg 41 (20.5) 24 (20.3) 17 (20.7)
Patients with surgery pI.'iOI' to 73 (36.5) 43 (36.4) 30 (36.6)
ultrasound examination
Time between prior surgery 5(2-10) 5(2-11) 4 (2-9)
and ultrasound, days (0-59) (0-40) (0-59)
Hospital length of stay, days 1(?1£?;i?) 1(51£?;i§)) 1%1(_69_ 62)3)
Hospital mortality 5(2.5) 3(2.5) 2(2.4)
PANDORA score (points) [27] 26.5 (19-34)(2-56) 2 ((g?gi’f 8 27'(52(_1396_)35)

Data are indicated as n (%), median (IQR) (range) or mean =+ SD (range), as appropriate.
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Table 2. CT measurements (n = 200).

All (n =200) Male (n =118) Female (n = 82)
CT measurements mean SD mean SD mean SD P
SMA (cm?) 131.9 29.5 148.3 23.7 108.3 194 <0.001
s T2

SMA /height 443 8.0 473 7.6 40.0 6.3 <0.001
(cm*/m*)
SMA /BMI

(cmz/(kg/mz)) 5.4 1.2 6.0 1.0 4.6 1.0 <0.001

SMA: skeletal muscle area (cm?); p values are presented for differences between men and women (independent

t-test).
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Table 3. Selected published cut-offs.

Cut-Off Mean Age P 1 L
Publication ; Cut-Off Values Defined for Subgroups Cut-Off Calculation Study Population Mean BMI reva‘ence of -ow
Adjustment .. Muscle Mass
Ethnicity
=727 (410 female) B?\}n_ifz;i"fé
Derstine, 2018 SMA Male: <144.3 cmz Mean-2 SD of a healthy, healthy kidney Nl.? (stud Male: NR
[8] Female: <92.2 cm? young population donor candidates for sty Female: NR
conducted in the
CT at L3 level
USA)
1= 727 (410 female) Bﬁff’zfi’;
Derstine, 2018 SMA /height? Male: <45.4 cm? /m? Mean-2 SD of a healthy, healthy kidney NR (stud Male: NR
[8] eig Female: <34.4 cm? /m? young population donor candidates for ey Female: NR
conducted in the
CT at L3 level
USA)
. . =31 (12 female)
N Equation to predict n 63 = 10 years
Mourtzakis, : <55.4 cm2/m2 1 pre -small cell | ) Male: NR
A suamne R Dk ol ior TS oass oo e
N emale: -7 cm*=/m low muscle mass N 96% Caucasian )
patients
n =250 (114 female) 64 + 10 years
Prado, 2008 o Male: <524 cm? /m? Optimal stratification respiratory or Bt Male: 21%
17) SMA/height Female: <385 cm? /m? related to mortality gastrointestina NR (study Female: 9%
' . 7 cancer patients with conducted in
BMI > 30 Canada)
n = 1473 (645 female)
respiratory or 65 £ 11 years
. Male with BMI < 25: 43 cm? /m?2 . S gastrointestinal BMI: ~25.5
Martin, 2013 Optimal stratificat > Male: 319
i SMA /height? Male with BMI > 25: 53 cm? /m? e e cancer patients NR (study o o
: Female (all BMI): <41 cm? /m2 Y (same initial patient conducted in :
cohort as Prado’s Canada)
study [17])
Age (years) Male (cm2 /m2) Female (cm2 /m2) . "
<50 <506 <39.6 m((y;gzlc\:/ailt‘tfcadnl;niirve n = 2100 (830 female) 67 + 12 yearsBMI:
Martin, 2018 a 50-59 <493 <376 binomial di ﬂ.bg " Colorectal 27.7 + 5.6NR (study
[16] SMA/height 60-69 <46.8 <37.1 ‘“‘1’““3 ‘f‘ o ‘1’“ olorecta cancer conducted in Male: NRFemale: NR
70-79 <434 <352 related fo hospital patients Canada and UK)
length of sta:
>80 <387 <335 & Y
Male Female
BMI: 17-20 BMI: 20-25 BML:25-30  BML30-35  BML17-20  BML:20-25  BML25-30  BMI20-35
20-29 years 1314 145.4 162.6 179.3 88.2 102.7 119.4 1347 Predicted 5th percentile — 420 (246 fermal
van der Werf, SMA 30-39 years 1243 1383 155.5 1722 86.8 97.9 111.2 1237 of SMA from BMI and n a f‘}(‘ f_ dcm‘" ) 53 + 12 yearsBMI: Male: 5%Female: 5%
2018 [10] 4049 years 117.1 1312 1483 165.0 85.1 93.1 102.9 1123 age in a regression ea; y ddney 25.7 + 3.5Caucasian ales olotemate: 7o
50-59 years 109.8 1238 141.0 157.7 83.0 882 944 100.6 equation onors
60-69 years 1023 116.4 133.6 150.3 80.7 83.1 85.9 88.4
70-79 years 948 108.8 126.0 142.7 78.0 78.0 773 75.9
Male Female
BML: 17-20 BML: 20-25 BML25-30  BML30-35  BML17-20  BML20-25  BML25-30  BML20-35
20-29 years 374 425 487 54.8 285 33.7 39.6 451 Predicted 5th percentile — 420 (246 fomal
van der Werf, SMA /heizhi2 30-39 years 35.9 41.0 47.2 533 28.7 328 37.6 422 of SMA /height2 from n heal }(| o de"“’ ) 53 + 12 yearsBMI: Male: 5%Female: 5%
2018 [10] MA /height 4049 years 343 39.4 456 51.7 28.8 318 356 39.2 BMI and age in a e“; y kidney 25.7 + 3.5Caucasian ale: S7Female: 5%
50-59 years 327 37.7 439 50.0 287 309 335 36.1 regression equation onors
60-69 years 31.0 36.1 423 484 285 29.9 314 329
70-79 years 29.3 344 40.6 46.7 28.2 28.8 29.3 29.5

Tanaka, 2020

] SMA /BMI

Male: <6.309 cm? /kg/m?2
Female: <4.66 cm? /kg/m?

Median of study
population

n =632 (279 female)
employees
undergoing CT
health examinations

~62 years
BMI: ~24
Asian

Male: 50%
Female: 50%

NR: not reported; BMI in kg/ mZ; DXA:

dual-energy X-ray absorptiometry.
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2.4. Statistical Analysis

Variables were expressed as mean £ SD or median (IQR), as appropriate. Differences in
continuous variables between sexes were described with independent t-tests. SMA values
were correlated to age, sex, height and BMI by calculating the coefficient of determination
R2. Relative and absolute prevalence of low muscle mass was assessed in our study
population according to the cut-offs, set at the mean or mean-2 SD in our study population
and to the published cut-offs. Differences in prevalence number were calculated with
one-sample chi-square tests in each sex. The prevalence distribution was described across
age and BMI classes. Bar plots illustrate prevalence data. A two-sided significance level of
0.05 was applied for all tests. Analysis and graphs were carried out in R version 3.6.1.

3. Results
3.1. Description of Study Population and CT Scans

Two hundred patients were included in the USVALID study. The CONSORT flow diagram
was previously published [25]. Baseline characteristics are shown in Table 1. Forty four percent
of the patients had a malignant tumour (Table 1). SMA, SMA /height?> and SMA /BMI were
higher in men than in women (p < 0.001) (Table 2). All SMA variables were normally distributed
in our study population. CT L3 SMA positively correlated with height and BMI with an R? of
0.39 and 0.15, respectively (p < 0.001). CT L3 SMA decreased with age only in women (R? = 0.12,
p =0.001) but not in men (R? = 0.00, p =0.68). BMI (R% =0.04, p = 0.02) significantly increased
with age in men. Height (R? = 0.07, p = 0.02) significantly decreased with age in women.

3.2. Diagnosis of Low Muscle Mass in Two Selected Patients

The two selected CT scans depict a 51-year-old, 160 cm short and a 31-year-old, 197
cm tall male patient (Table 4). The older, shorter patient had an above-average BMI of 36.3
compared to 21.9 kg/m? in the younger, taller patient. The older patient had a larger CT
area of 940 than 592 cm? in the younger patient. The older and younger both had an above-
average SMA of 151 and 163 cm?, respectively. However, the younger patient, because
he was very tall, had a below-average SMA /height? of 42.0 compared to 58.8 cm?/m?
in the older patient. On the other hand, the older patient had a below-average value of
SMA /BMI compared to the younger patient (Table 4A). According to nine previously
published cut-offs, two cut-offs diagnosed low muscle mass in the older patient and five in
the younger patient (Table 4B).
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Table 4. Diagnosis of low muscle mass in two selected study patients according to (A) cut-offs set at the sex-specific mean of our study population or (B) previously

published cut-offs.

All male patients

(n=118)*
Sex Male Male Male
Age (years) 51 31 63.6 (51.4-71.3)
Height (cm) 160 197 1771+£73
Weight (kg) 93 85 79.1+14.0
BMI (kg/m2) 363 219 252+ 44
CT area (cm2) 939.8 592.4 749.8 + 187.6
A: Diagnosis of low or normal muscle mass according to sex-specific cut-offs set at the mean of our study population
SMA (cmz) 150.6 (normal) 162.9 (normal) 148.3 +23.7
SMA /height? (cm2 /m2) 58.8 (normal) 42,0 (low) 473+76
SMA/BMI (cm? /(kg/m2)) 41 (low) 7.4 (normal) 6.0+ 1.0
B: Diagnosis of low or normal muscle mass according to published cut-offs for low muscle mass
Derstine, 2018: SMA by sex [8] Normal Normal
Derstine, 2018: SMA /. height2 by sex [8] Normal Low
Mourtzakis, 2008: SMA /height2 by sex [13] Normal Low
Prado, 2008: SMA /- heighlz by sex [17] Normal Low
Martin, 2013: SMA /height? by sex and BMI [3] Normal Low
Martin, 2018: SMA /height2 by sex and age [16] Normal Low
van der Werf, 2018: SMA by sex, age and BMI [10] Low Normal
van der Werf, 2018: SMA /! heightz by sex, age and BMI [10] Normal Normal
Tanaka, 2020: SMA /BMI by sex [9] Low Normal

* Mean =+ SD or median (IQR) are indicated as appropriate.
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3.3. Statistical Calculation of the Cut-Off Influenced Prevalence Number

When the cut-offs for SMA, SMA /height? and SMA /BMI were set at the mean values
of our study population, prevalence of low muscle mass ranged from 50-55% in men and
50-54% in women. This was because all SMA variables were normally distributed in both
sexes of our study population. Therefore, the mean was close to the median, explaining a
prevalence of around 50%. When our cut-offs were set at mean-2 SD, prevalence ranged from
0-2% in both sexes.

Prevalence according to the published cut-offs was highly variable from 14-86% in
men (p < 0.001) and 5-57% in women (p < 0.001) (Figure 1). Prevalence was higher in men
than in women (Figure 1). When the published cut-offs defined as mean-2 SD of healthy
young subjects were used, prevalence in our study population was 44-48% in men and
20-22% in women. When published cut-off values of an old population were established
in relation to the DXA reference values at mean-2 SD of a healthy young population, the
prevalence in our study population was 86% in men and 46% in women. When published
cut-offs, specifically for cancer patients and defined in relation to mortality or length of
stay were used, the prevalence in our study population was 53-74% in men and 40-54% in
women. When published cut-offs defined as fifth percentile in healthy subjects were used,
prevalence in our study population was 14-18% in men and 5-15% in women. Finally,
when published cut-offs, defined as the median of a healthy Asian population were used,
the prevalence in our study population was 64% in men and 57% in women (Figure 1).

3.4. Adjustment of the Cut-Off-Influenced Prevalence Distribution Pattern across Age Classes

When non-adjusted SMA or SMA/ height2 cut-offs were used, prevalence in men was
u-shaped across age classes (Figure 2). When SMA /height? cut-offs were additionally
defined by BMI, the u-shaped pattern remained (Figure 2). However, when SMA or
SMA /height? cut-offs were also defined by age, prevalence decreased with age. When
SMA /BMI cut-offs were used, an increasing pattern was seen across age classes in both
sexes (Figure 2).

3.5. Adjustment of the Cut-Off-Influenced Prevalence Distribution Pattern across BMI Classes

When non-adjusted SMA or SMA /height? cut-offs were used, prevalence decreased
with higher BMI in both sexes (Figure 3). When SMA /height? cut-offs were also defined by
BMI or age, the decreasing pattern remained (Figure 3). However, when SMA /BMI cut-offs
were used, prevalence increased with higher BMI (Figure 3).

The distribution of absolute prevalence is shown in the Supplementary Information
(Figures S1 and S2). Individual CT values and diagnosis of low muscle mass in patients
below 30 and above 80 years are shown in the Supplementary Information (Table S1).



Nutrients 2022, 14, 3446 9of 16

Cut-offs defined in:

healthy healthy cancer cancer obese cancer cancer healthy healthy healthy Asian
31a 31a 63a 64a 65a 67a 53a 53a 62a
mean-2SD mean-2SD mean-2SD DXA* mortality mortality LOS 5th percentile 5% percentile  median
1.00- =
. 0.74
0.5 e
_.0.50- : : 3
8 -1
0.25: 0.18
& 0.00-
o= 1.00
E 0.9
o U./0°
@ 0.57 g
0.50- 0.46 0.45 02 can
=
0.25- 02z 02 -
Derstine:SMA Derstine:SMA/M? Mourtzakis:SMA/h? Prado:SMA/h? Martin:SMA/h? by BMI Martin:SMA/h? by age vd.Werf:SMA by age+BMI  vd.Werf:SMA/h? by age+BMI Tanaka:SMA/BMI
cut-off

normal muscle mass in men or women B low muscle mass in men B low muscle mass in women

Figure 1. Relative prevalence of low muscle mass in our study population (n = 200) according to previously published cut-offs. * of a healthy young (29a) population;

SMA: skeletal muscle area; h?: heightz.
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Figure 2. Relative prevalence of low muscle mass in our study population (n = 200) across age classes according to (A) cut-offs set at the mean of our study

population or to (B) previously published cut-offs. SMA: skeletal muscle area; h2: heightz.
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SMA/height? SMA or SMA/height2 by BMI or/and age SMA/BMI
SMA<mean SMAN<mean SMA/BMI<mean
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3
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@025
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Figure 3. Relative prevalence of low muscle mass in our study population (n = 200) across BMI classes according to (A) cut-offs set at the mean of our study
population or to (B) previously published cut-offs. SMA: skeletal muscle area; h?: height?.
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4. Discussion

The cut-off choice had a tremendous impact on the prevalence of low muscle mass in
the CT at the L3 level. Statistical calculation of the cut-off led to a prevalence of approxi-
mately 50% vs. 1% when cut-offs were set at mean vs. mean-2 SD in our study population.
When previously published cut-offs were applied, prevalence varied between 5% and 86%.
The adjustment of the cut-off for the same body stature variable led to similar prevalence
distribution patterns across age and BMI classes.

4.1. Prevalence of Low Muscle Mass in Men vs. Women

All published cut-offs showed a higher prevalence of low muscle mass in men com-
pared to women in our study population but not always in the original, published popula-
tions (Table 3). The proportion of females with low muscle mass in our study population
(41%) was similar to those in the previously published studies (39-59%) (Table 3). The
question arises whether men are actually at higher risk for low muscle mass than women or
if this is related to the calculation of the published cut-offs. Interestingly, Janssen showed
that the age-associated decrease in whole-body MRI muscle mass from 45 years onwards
was steeper in men than in women [29]. Thus, it may be possible that men are at higher
risk for developing low muscle mass.

4.2. Statistical Calculation of the Cut-Off-Influenced Prevalence Number

When applying our own cut-offs, their statistical calculation at mean and mean-2 SD
obviously explained the different prevalence of 50% and 1% in our normally distributed
population. When applying published cut-offs, their statistical calculation also explained
the prevalence number in our population. When age and BMI were accounted for, published
cut-offs defined at the fifth percentile of healthy subjects led to the lowest prevalence
numbers between 5 and 18% in our hospitalised population. When age and BMI were
not accounted for, published cut-offs at mean-2 SD of a young and healthy population led
to a higher prevalence number in our middle-aged, hospitalised population. Applying
cut-offs calculated in a muscular, young, healthy group in an older, hospitalised population
must obviously lead to a higher prevalence when age is not accounted for. When applying
cut-offs defined in relation to mortality or length of stay in published cancer populations,
prevalence was between 40% and 74% in our mixed population including 44% of cancer
patients. When applying cut-offs defined as median of an Asian, healthy population,
prevalence was higher than 50% in our Caucasian population.

4.3. Adjustment of the Cut-Off-Influenced Prevalence Distribution Pattern across Age Classes

When non-adjusted SMA or SMA /height? cut-offs were used, prevalence was u-
shaped in men across age classes. Looking at the individual SMA or SMA /height? values
of the very young and very old patients (“the borders of the u”) helps to understand
the u-shaped pattern: the individual SMA or SMA /height? values themselves are not
adjusted for the overall low BMI in the young and the older age in the old (Supplementary
Information, Table S1). This may lead to a higher prevalence observed in the low and high
extremes of age when non-adjusted SMA or SMA /height? cut-offs were used. This justifies
the importance of accounting for BMI and age when diagnosing low muscle mass. The
u-shaped pattern across age classes remained when the SMA /height? cut-off was defined
by BMI. An increasing pattern was observed when SMA /BMI cut-offs were used. This may
justify the need to account not only for BMI but also for age. When the SMA /height? cut-off
was defined by age, a decreasing pattern was seen across age classes. The adjustment
for age led to lower cut-offs in higher age classes (Table 3). It makes sense to compare
the muscle mass of an 80-year-old man to men of a comparable age and not to young
20-year-olds. Otherwise, all 80-year-olds would be diagnosed with low muscle mass, which
actually occurred according to nearly all non-age-specific cut-offs in men. The non-age-
specific cut-offs actually followed the recommendations of both the EWGSOP and IWGS
to compare muscle mass to a reference value of the young and healthy population [20,21].



Nutrients 2022, 14, 3446

13 of 16

We think that a discussion of whether similar muscle mass can be assumed in younger and
older patients is warranted.

4.4. Adjustment of the Cut-Off-Influenced Prevalence Distribution Pattern across BMI Classes

When non-adjusted SMA or SMA /height? cut-offs were used, prevalence decreased
with higher BMI in both sexes. This is because SMA increases with higher BMI. The higher
the BMI value, the higher the SMA was. This result questions the notion of sarcopenic
obesity. Heavier people may simply need more muscle mass to carry themselves around.
Obese people may actually have a lower risk for low muscle mass. When SMA /BMI
cut-offs were used, prevalence increased with higher BMI. This is because the double
visualisation of BMI (adjusting SMA for BMI and looking graphically at distribution across
BMI classes) may be misleading.

4.5. Prevalence Numbers of Low Muscle Mass in the Literature

Prevalence of low muscle mass on the CT at L3 in two recent publications was from
36-50% in patients with cancer [30] and 27-45% in patients with cirrhosis [31]. A systematic
review in cancer patients concluded that prevalence of low muscle mass was irrespective
of the cut-off used [30]. However, they included only studies with cut-offs that adjusted for
height2 [30]. Moreover, 55% of the included studies used either the CT cut-offs from Prado,
2008, or Martin, 2013, both of which were derived from the same initial population cohort
(Table 3) [3,17].

To the best of our knowledge, we are the first showing that the CT cut-off choice has a
tremendous impact on the prevalence of low muscle mass: varying between 5% and 86%
depending on the statistical definition and the adjustment of the cut-off. Only Kim already
described a similar variation in prevalence of low ASM measured by DXA between 5% and
75% depending on the adjustment of the cut-off for height?, weight or BMI [19].

4.6. Limitations and Strengths

One may criticise that we applied published cut-offs issued from various study popu-
lations with different ages, BMIs and ethnicities (Table 3). We carried that out on purpose
to reflect many previous publications, which often reapplied cut-offs initially defined in
a completely different study population. Prado’s highly cited and reapplied cut-off was
initially defined in a probably mostly Caucasian respiratory and gastrointestinal cancer
population with a mean age of 64 years and a mean BMI of 34 kg/m? [17] but reapplied for
diagnosis of low muscle mass on the CT at L3 in many other study populations including
patients with pancreatic [32,33] or breast cancer [34], medical patients with cirrhosis [5] and
vascular surgery patients [35] with a mean age varying between 48 and 66 years [5,32-35],
with a mean BMI varying between 22 and 29 kg/m? [5,32-35] and with Caucasian [32],
Asian [33] or multiple ethnicities [5,35]. In our current publication, we did not aim for
completeness but for high diversity of all cut-off adjustments for CT L3 SMA. We are
currently working on a systematic review and meta-analysis to give an overview of over
100 published CT L3 SMAs (PROSPERO 2020, CRD42020206919) [36].

5. Conclusions

In this prospective study, we have shown for the first time that prevalence of low SMA
in the CT at L3 tremendously depended on the applied cut-off. The statistical calculation
and the adjustment of the cut-off for body stature variables, for subgroups of sex, age or
BMI significantly influenced the prevalence number of low muscle mass and prevalence
distribution pattern across age and BMI classes. Both age and BMI are important factors to
account for when diagnosing low muscle mass.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/nul14163446/s1, Figure S1: Absolute prevalence of low muscle
mass in our study population (n = 200) across age classes according to (A) cut-offs set at the mean of
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