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Abstract

Background The analysis of computerised tomography (CT) images to provide body composition data has grown expo-
nentially. Despite this, there remains limited published data defining the normal range of skeletal muscle area and adipose
tissue area using CT. The aim of this study was to determine age- and sex-specific body composition values using CT at the
level of the third lumbar vertebrae, in a Caucasian population with a healthy body mass index (BMI). In addition, we sought
to develop threshold values for low skeletal muscle mass using these data.

Methods We included 107 healthy Caucasian patients (46 males; 61 females) with a healthy BMI (18-25 kg/mz) for
analysis. Body composition data were obtained from a single transverse CT image at the mid-third lumbar vertebrae using
ImagelJ software. Tissue segmentation was performed using Hounsfield unit thresholds of —29 to +150 for muscle and —190
to —30 for adipose tissue.

Results The mean age of the study cohort was 47.8 + 11.0 years (range 21-73) with a median BMI of 23.7 kg/m? (inter-
quartile range 22.3-24.8). Patients were sub-divided into age above or below 50 years. Cut-offs for low muscle quantity,
representing two standard deviations below the young healthy population mean values, were 43.5 cm*m? for males and
30.0 cm?/m? for females.

Conclusions Our data provide an insight into the distribution of skeletal muscle and adipose tissue surface area values
measured on CT from a healthy Caucasian population. Our CT-derived cut-offs for low muscle quantity, based on inter-
national guidelines, are much lower than those previously suggested.

Introduction

Loss of skeletal muscle mass (SMM) and quality have a
significant impact on health outcomes across a broad range of
populations [1—4]. With the increasing availability of com-
puted tomography (CT) for assessment of illness, the utilisa-
tion of this imaging modality to provide information on body
composition has grown exponentially. In 2004, Shen et al.
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presented data from a healthy cohort that demonstrated ske-
letal muscle and adipose tissue surface area on a single slice of
cross-sectional magnetic resonance imaging (MRI) strongly
correlates with total body MRI muscle and fat stores [5].

In 2008, Prado et al. measured skeletal muscle area at the
level of the third lumbar vertebrae and corrected for height
(in metres) squared, to provide the skeletal muscle index
(SMI). Sex-specific low SMI cut-offs associated with
mortality were published in a population of obese patients
with cancer [6]. Sex-specific low SMI cut-offs associated
with mortality were published in a population of obese
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patients with cancer [6]. Subsequently, many researchers
have used these cut-offs to define low muscle quantity in
studies examining the relationship of SMM to morbidity
and mortality in different populations [3, 7-9].

However, normative data using CT are scarce to confirm
that these thresholds are in accordance with guidelines
which define low muscle quantity as two standard deviations
(SD) below the age- and sex-specific mean values [10-13].
The European Working Group on Sarcopenia in Older
People (EWGSOP) recommends this definition as part of a
multi-component method (muscle quantity, muscle strength
and physical performance) of diagnosing ‘sarcopenia’ [10].

There is also a need to define the distribution of adipose
tissue in healthy populations. The Japan Society for the
Study of Obesity has suggested that a visceral adipose tissue
(VAT) area >100 cm? be used to diagnose ‘visceral obesity’
based on data from a healthy Japanese cohort [14]. How-
ever, it well recognised that there are significant ethnic
variations in adipose and muscle stores.

The aim of this study was to determine age- and sex-specific
body composition values using CT at the level of the third
lumbar vertebrae, in a healthy Caucasian population with nor-
mal body mass index (BMI). In addition, we sought to provide
threshold values representing 1, 2 and 2.5 SD below the sex-
specific mean to assist diagnosis of low muscle quantity.

Patients and methods

Ethics approval was granted from the Metro South Human
Research Ethics Committee (HREC/14/QPAH/23) and the
study performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its later
amendments. We included 107 healthy Caucasian patients
(46 males; 61 females) with a healthy BMI (18-25 kg/mz)
for analysis. Patients having a CT abdomen for trauma
evaluation (n=17), or as part of a living donor renal
transplant assessment (n = 90) were included. The clinical
records were evaluated and patients excluded if they had
illnesses (pre-existing malignancy (n = 4); unexplained iron
deficiency anaemia (n = 1)), medications (hormonal therapy
(n = 6); angiotensin inhibitors (n = 4); statins (n =3)) or a
CT not suitable for analysis (n =24) [15].

CT scans were assessed for quality as previously described
[16]. Data were obtained from a transverse CT image at the
mid-third lumbar vertebrae using ImageJ software (National
Institute of Health, Bethesda, MD, USA). Tissue segmenta-
tion was performed using Hounsfield unit thresholds of —29
to 4150 for muscle and —190 to —30 for adipose tissue
[16, 17]. The cross-sectional area of subcutaneous adipose
tissue (SAT), VAT and muscle were measured and normal-
ized for stature (cmzlmz), and described as subcutaneous
adipose tissue index, visceral adipose tissue index and SMI as

previously reported [18]. Patients were divided into sex- and
age-specific groups since these two variables are known to
have significant impact on body composition variables.
Twenty subjects had a CT with only partial SAT area and
were classified as missing data for analysis.

All images were analysed by a single trained observer
(AW). Intra-observer variability was assessed by re-
analysing 10 randomly selected scans after a minimum 6-
month interval. The intraclass correlation coefficient (ICC)
for SMA was 1.00 (95% CI 0.99-1.00), VAT 0.99 (95% CI
0.98-1.00) and SAT was 1.00 (95% CI 1.00-1.00), while
the coefficients of variation were 0.7%, 6.5% and 2.4%,
respectively. Variation in software was assessed by re-
analysing 10 scans with Slice-O-Matic (Tomovision,
Montreal, QC, Canada). This analysis showed ICCs of 0.99
(95% CI 0.97-1.00), 0.99 (95% CI 0.97-1.00) and 1.00
(95% CI 1.00-1.00) for SMA, VAT and SAT, respectively.
Using 10 randomly selected scans, inter-observer variability
was assessed by a blinded second trained analyst (SK). The
ICC for SMA, VAT and SAT for this comparison were 1.00
(95% CI 0.99-1.00), 1.00 (95% CI 1.00-1.00) and 1.00
(95% CI 1.00-1.00), respectively.

Statistical analysis

Statistical analyses were performed using SPSS version 24
(IBM, New York, USA). Two-tailed (p = 0.05) tests of sig-
nificance were used. Continuous data were assessed for nor-
mality using a Shapiro—Wilk test and are presented as means
+ SD, or medians and interquartile range (IQR), depending on
distribution of the data. Non-normally distributed data were
transformed where possible for statistical analysis.

Comparison of continuous variables was examined using
independent #-tests (normal distribution) or Mann—Whitney
U tests (non-normal distribution). Correlation was assessed
using Pearson’s or Spearman’s test of correlation depending
on the distribution of data. For interpretation of correlation
coefficients, Cohen’s levels were used [19].

Patients were divided into sex- and age-specific groups
since these two variables are known to have significant
impact on body composition variables [20]. To provide a
‘young’ reference data set, an age cut-off of <50 years was
used. This age cut-off has been used in other studies to
define ‘young cohorts’, and provided an even distribution of
data in our cohort [11, 12]. Prior population-level studies
have demonstrated that ‘no noticeable loss of skeletal
muscle occurs until after the fifth decade’ [21]. Regression
analysis of our data did not detect a significant decline in
CT SMI with age (Supplementary Fig. 1), including no
noticeable decline in those over the age of 50 years.

The median age of our young healthy males and females
was 39.8 years (IQR 27.4-46.0) and 45.5 years (IQR

SPRINGER NATURE



1278

A. J. Woodward et al.

40.5-47.9), respectively. Comparison of age- and sex-
specific groups was performed using one-way ANOVA
analysis and Tukey’s post hoc test (normal distribution) or
Kruskal-Wallis analysis and Dunn’s post hoc test (non-
normal distribution).

Results
The mean age of the study cohort was 47.8 +11.0 years
(range 21-73) with a median BMI of 23.7 kg/m2 (IQR

22.3-24.8). Sex-specific patient characteristics are shown in

Table 1 Patient characteristics (n = 107).

Variable Male (n = 46) Female (n=61)
Age (yr) 45.8 +13.1 49.2+89
Height (m) 1.78 +0.07 1.64 +0.07
Weight (kg) 75.6+8.2 62.9+6.2

BMI (kg/m?) 24.4 (22.4-25.3) 23.4 (22.2-24.7)

VAT (cm?) 92.9 (59.3-133.3) 422 (28.3-68.4)
SAT (cm?) 113.9+47.0 156.7 +52.1
SMA (cm?) 170.2 +20.4 113.6+15.7
VATI (cm*m?) 28.7 (18.5-39.4) 15.6 (10.7-25.3)
SATI (cm*/m?) 35.8+14.5 58.8+20.7

SMI (cm*/m?) 53.6+6.4 423+56

Values presented as mean + SD, or median (interquartile range) where
data were not normally distributed.

BMI body mass index, VAT visceral adipose tissue area, SAT
subcutaneous adipose tissue area, SMA skeletal muscle area, VATI
visceral adipose tissue index, SATT subcutaneous adipose tissue index,
SMI skeletal muscle index.

Table 2 Age- and sex-specific CT body composition surface area values.

Table 1. CT body composition results are shown in their
sex- and age-specific groups in Tables 2 and 3.

Sex- and age-specific differences in body composition
were explored. One-way ANOVA analysis showed a sig-
nificant difference in mean SMI between groups (F =
31.29; p<0.001). Tukey’s post hoc test showed that young
males had a significantly higher mean SMI than both female
groups (p <0.001); however, no difference compared with
older males (p =0.798) (Fig. 1). There was also no sig-
nificant difference in mean SMI between the two female
groups (p = 0.980).

Between group comparison of SAT using one-way
ANOVA demonstrated similar findings, with significant
sex differences (higher SAT in females), but not age
(Supplementary Fig. 2). Analysis of VAT also showed sex-
specific differences in groups, with both male cohorts
having higher VAT compared with females (Supplementary
Fig. 3). However, there was also a significant difference
between the two male cohorts (p = 0.025), with older males
having higher VAT.

Thresholds representing 1, 2 and 2.5 SDs below the
mean sex-specific values are shown in Table 4.

Discussion

The use of cross-sectional imaging for clinical care is
expanding and can provide important body composition
information on patients. Multiple methods have been
reported to quantify skeletal muscle on CT, however the
most common method is the measurement of total SMA on
a single transverse image. There is a paucity of normative

Males <50 years Females <50 years

Males 250 years Females 250 years

SMA VAT SAT SMA VAT SAT SMA VAT SAT SMA VAT (cm®) SAT

(cmz) (cmz) (cmz) (cmz) (cmz) (cmz) (cmz) (cmz) cmz) (cmz) (cm2)
Number 26 26 24 33 33 25 20 20 18 28 28 20
Mean 173.7 80.9 107.1 116.0 45.2 147.7 165.7 119.1 123.0 110.8 49.5% 168.0
Std deviation 19.2 40.7 43.6 17.0 25.0 54.1 21.6 56.8 51.0 13.8 29.5-81.8° 484
Minimum 126.5 11.7 11.9 87.7 10.3 60.5 126.2 36.3 439 78.0 18.0 54.9
Maximum 203.8 160.7 188.3 152.1 105.6 235.5 220.0 221.8 226.9 142.5 155.5 242.5
Sth percentile 132.8 14.4 18.9 91.8 12.0 61.8 127.0 36.7 439 82.4 19.3 57.1
20th 157.5 35.3 76.5 102.6 19.5 95.8 152.0 59.9 79.9 100.1 26.8 122.9
percentile
80th 193.3 117.1 152.4 134.5 72.0 213.3 182.8 176.3 172.5 119.8 85.8 216.9
percentile
95th 201.8 158.6 188.3 148.5 94.4 234.3 219.0 220.9 226.9 139.9 142.9 242.1
percentile

CT computed tomography, VAT visceral adipose tissue area, SAT subcutaneous adipose tissue area, SMA skeletal muscle area.

*Median.
IQR.
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Table 3 Age- and sex-specific CT body composition index values.

Females <50 years Males 250 years Female 250 years

Males <50 years

SMI (cm?” VATI (cm*m?) SATI (cm*
2
m”)

VATI (cm®  SATI (cm?%
m?)

m?)

SMI (cm?/

VATI (cm*m?) SATI (cm?%
m2)

SMI (cm?

m?)

SATI (cm?/
mz)

SMI (cm?*  VATI (cm%

m?)

m2)

m?)

m?)

20

26 26 24 33 33 25 20 20 18 28 28

54.3
54

Number

65.3

42.0 18.7%

4.8

52.7 37.8 39.0

7.6

53.6

13.8°
9.7-23.9°

42.6
3.8

6.3

334

25.0

Mean

20.0

10.9-27.9"

6.1

15.6

18.2

20.1

13.6
3.8

12.1
3.7

Std deviation

214

13.8 31.6

41.6 114

21.9

29.2

42.7

Minimum

100.9
22.2

66.4
6.8

67.6 74.7 68.5 51.1

88.2

44.5
4.5

494 60.1 57.4
4.8 6.3

61.5

Maximum

11.6 13.8 32.1
19.1

41.7

22.5

31.1

429

5th percentile
20th percentile 49.0

45.7

10.4

38.6

25.8

4.6

449

352

7.6

38.1

23.8

11.6

78.2

29.9

47.2

57.9

47.0 47.7 274 75.7 61.6

357

80th percentile 60.2

100.7

59.6 53.8 357 87.9 67.4 74.0 68.5 50.3 60.4

49.3

95th percentile 61.3

CT computed tomography, VATI visceral adipose tissue index, SATI subcutaneous adipose tissue index, SMI skeletal muscle index.

*Median.
"IQR.

CT data using this technique. Our aim was to provide age-
and sex-specific body composition values using CT at the
level of the third lumbar vertebrae, in a healthy Caucasian
population.

These data allow comparison to previously published CT
SMA threshold values for low muscle quantity. To date, the
most frequently used CT skeletal muscle cut-offs defining
low muscle quantity have been derived using statistical
methods (optimal stratification) to predict mortality in
cohorts with cancer [0, 22].

The mean CT SMI in our sex-specific groups of healthy
subjects approached the previously utilised cut-offs from
Prado et al. (524 cm?/m? for males and 38.5 cm*m> for
females) [6]. These cut-offs were derived from a population
with a BMI >30 and it is likely that a proportion of this
cohort had higher SMM contributing to the elevated BMI
values reported. Subsequently, Martin et al. published data
from a cohort of cancer patients, which suggested lower cut-
offs are associated with mortality in those patients with
normal BMI (<43 cm?m? for males and <41 cm?*m? for
females) [22]. It should be noted that we restricted our
cohort to those with a BMI 18-25, a range considered as
‘normal’ for Caucasian ethnicity according to the World
Health Organisation and representing a ‘healthy young’
cohort [23]. Using this BMI category can provide healthy
normative data on both SMM and adipose tissue, allowing
the potential to distinguish entities such as sarcopenic
obesity.

Our threshold values representing two SDs below the
sex-specific reference values were similar to those pub-
lished by Hamaguchi et al. from a large Japanese population
[13]. CT muscle and adipose surface area values at the level
of the third lumbar vertebrae were collected on 657 healthy
Japanese liver transplant donors. Their thresholds for low
muscle quantity were 40.31cm?’m’ for males and
30.88 cm?/m? for females [13].

The threshold values from our study and Hamaguchi
et al. differ substantially from the widely used cut-offs from
Prado et al. and are not representative of low muscle
quantity according to the EWGSOP definition. This is
highlighted by the fact that in our ‘healthy cohort’,
according to the thresholds from Prado et al., 18 male
subjects and 12 female subjects met criteria for ‘sarcope-
nia’. However, the Prado et al. thresholds have been linked
to morbidity and mortality in many different cohorts sug-
gesting that less marked degrees of muscle loss are likely to
be clinically significant [6, 22]. We propose that stages of
SMM loss should be considered in future studies using CT,
similar to what was suggested by Janssen et al. for studies
using Bioelectrical impedance analysis [24]. Thus, patients
more than one SD below the healthy population mean
would be classified as ‘Class I SMM depletion’, while those
more than two SDs would have ‘Class II SMM depletion’.
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Table 4 CT skeletal muscle index threshold values representing 1, 2
and 2.5 standard deviations below the sex-specific mean.

SD below mean Males Females

1 48.9 cm*/m? 36.3 cm?/m”
2 43.5 cm?*/m? 30.0 cm%/m”
25 40.8 cm?*/m? 26.9 cm*/m?

CT computed tomography, SD standard deviation.

We have not provided a cut-off for adipose tissue for
several reasons. First;, VAT did not have a normal dis-
tribution in the female cohort. Second, metabolic derange-
ments are known to start with a VAT area >100cm” and
become generalised at a VAT area >130 cm? [25, 26].
Consequently, these cut-offs would be more appropriate
than the thresholds derived from our normative data.

There are several limitations to this study. First, our
sample size is small, and could not be considered as refer-
ence population. Second, skeletal muscle data were derived
only using the most common technique for estimating
muscle mass on CT; alternative approaches have not been
investigated [3]. This includes the HU threshold values used
to define muscle on CT imaging, which have varied in prior
publications [3]. It is also important to recognise that HU
can vary depending on CT hardware calibration introducing
another source of variation, although the significance of this
it yet to be determined. Third, our young reference popu-
lation included patients up to 50 years of age compared with
an upper limit of 40 years of age used by Baumgartner et al.
[27]. Finally, our cohort is ethnically limited to Caucasian
subjects. Further studies are required to further build on the
normative data presented here, both in Caucasian popula-
tions as well as other ethnic groups.

To conclude, our data provide an insight into the dis-
tribution of skeletal muscle and adipose tissue surface area
values on CT, in a healthy Caucasian population at the level
of the third lumbar vertebrae. The cut-offs for SMM
depletion, which represent two SDs below the sex-specific
healthy population mean values, are much lower than those

SPRINGER NATURE

frequently used in the literature. We suggest the use of a
multi-level staging system for CT defined SMM loss in
future studies.
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