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Abstract

Purpose—While obesity is considered a prognostic factor in colorectal cancer (CRC), there is
increasing evidence that not only body-mass-index (BMI) matters, but specifically abdominal fat
distribution. As part of the ColoCare study, this study measured the distribution of adipose tissue
compartments in CRC patients and aimed to identify the body metric that best correlates with
these measurements as a useful proxy for adipose tissue distribution.

Materials and methods—In 120 newly-diagnosed CRC patients who underwent multi-
detector-CT, densitometric quantification of total(TFA), visceral(VFA), intraperitoneal (IFA),
retroperitoneal(RFA) and subcutaneous fat area(SFA), M.erector spinae and psoas was performed
to test the association with gender, age, tumor stage, metabolic equivalents, BMI, Waist-to-Height
(WHtR) and Waist to-Hip ratio (WHR).

Results—VFA was 28.8% higher in men (pypa<0.0001) and 30.5% higher in patients older than
61 years (pyra<0.0001). WHtR correlated best with all adipose tissue compartments (ryga=0.69,
rtea=0.84, p<0.0001) and visceral-to-subcutaneous-fat-ratio(VFR, rygr=0.22, p=<0.05). Patients
with tumor stages I11/1V showed significantly lower overall adipose tissue than I/11. Increased M.
erector spinae mass was inversely correlated with all compartments.

Conclusion—Densitometric quantification on CT is a highly reproducible and reliable method to
show fat distribution across adipose tissue compartments. This distribution might be best reflected
by WHTtR, rather than BMI or WHR.
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Introduction

Overweight and obesity, defined as a BMI = 25 kg/m? and as a BMI = 30 kg/m? by the
WHO, respectively, are an increasing health burden in many countries, as their numbers
have nearly doubled worldwide since 1980 [1]. Recently, the Global Burden of Disease
Study 2010 reported a global increase in BMI and stated that obesity is the leading risk
factor for mortality as well as increased disability-adjusted life years (DALYS) in
Australasia, Latin America, and one of the major risk factors in the remaining high-income
countries [2]. Aside from the increased incidence of high blood pressure and diabetes
mellitus, the rising number of overweight and obese individuals is also associated with
higher cancer incidence and mortality rates of multiple tumor types [3; 4], including
colorectal cancer (CRC). CRC is one of the most common cancers and numerous studies
have observed an obesity-related increase of CRC incidence, which was independent of
gender [3; 5-9]. These findings were confirmed by a recent meta-analysis of prospective
studies with a total of nine million participants from different countries, which showed a
pooled relative risk (RR) of 1.33 (95% ClI: 1.25-1.42) of CRC for obese compared with
normal weight individuals [10]. A BMI = 30 kg/m? was associated with worse outcome,
increased overall mortality, disease recurrence, the occurrence of a second primary tumor
[11] as well as perioperative morbidity due to increased wound infections [11-13]. High pre-
diagnosis BMI exhibited a stronger predictive value than high post-diagnosis BMI for CRC
survival, and had stronger effects on overall mortality, CRC-related mortality and mortality
from cardiovascular diseases in CRC patients [14].

However, BMI does not capture all dimensions of obesity adequately. More relevant seem to
be differences in the distribution of abdominal adipose tissue across several compartments.
These can be distinguished into total fat area (TFA), subcutaneous fat area (SFA) and
visceral fat area (VFA), which can be further divided into intraperitoneal and retroperitoneal
fat areas (IFA and RFA, respectively). Visceral adipose tissue is more strongly associated
with obesity-related morbidities, such as metabolic syndrome, than is subcutaneous adipose
tissue [15-17]. VFA is also associated with an unfavorable inflammatory adipokine profile,
which also supports the hypothesis that it has a specific pathogenic role [3; 9; 18]. As
obesity is also relevant in carcinogenesis, particularly of CRC, it is important to understand
the impact of specific adipose tissue compartments, especially VFA, on the development and
prognosis of colorectal cancer.

The ColoCare study is an international cohort study designed to identify factors of colorectal
cancer prognosis in patients with newly diagnosed CRC. Adipose tissue compartments of
CRC patients were characterized as part of the ColoCare study. The aims of the present
study were first to establish a precise, easy and reproducible method of measuring adipose
tissue compartments and second, to compare the measured compartments with body metrics
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(BMI, WHR and WHTtR) in order to identify which body metric is most strongly associated
with the individual adipose tissue distribution in CRC patients and potentially define easier
measures of adipose tissue distribution to facilitate risk assessment.

Materials and Methods

The ColoCare study is approved by the local institutional review board. All patients gave
written informed consent.

Patient characteristics

From October 2010 to February 2012, 205 patients were enrolled in the ColoCare study at
the study site at time of surgery. Eligibility criteria were: primary diagnosis of colorectal
cancer and prior to surgery, age > 18 years, German language proficient and able to provide
consent. We retrospectively retrieved abdominal CT scans using Centricity RIS 4.1i and GE
PACS (GE Medical Systems, Buckinghamshire, UK). Data on diagnosis, date of surgery,
UICC classification and location of tumor, age, height, and weight were abstracted from the
hospital information system 1.S.-H.*med. (SAP, Walldorf, Germany). Information on
metabolic equivalents of daily activity was retrieved from patient questionnaires (VITAL)
[19].

Out of the 205 patients enrolled in ColoCare, CT scans of 142 patients were available (112
at the University Clinic and 30 from referring physicians). In 11 of these 142 patients,
quantification of adipose tissue compartments was not possible because the body
circumference was not within the field-of-view (FOV) of the CT scanner. Out of these 11
patients, four were not positioned in the center of FOV and seven were severely obese (BMI
33.5 - 40 kg/m?2). There was one additional case of a burst abdomen, which prevented proper
evaluation of the adipose tissue compartments. In six other cases, the scans were not
compatible with the viewer or the quality of the scans was too poor for evaluation. Four
cases were excluded because no data on weight and/or height were available. Thus, 120 of
142 patients with available CT scans were included for quantification of adipose tissue
compartments with following scan parameters: mean slice thickness: 3 mm (min: 1mm;
max: 6.5mm); in 100 scans intravenous contrast media was administered, 20 without
contrast media. Time of scan was between August 2010 and August 2012, 79 scans were
conducted before surgery and 41 after surgery, with 10 days as the median interval between
CT-scan and surgery. For detailed patient characteristics, see Table 1. For characteristics of
excluded patients, refer to Table 11.

Quantification of adipose tissue compartments and muscles on CT

Quantification based on CT data was performed using a volume tool (Syngo Volume tool,
Siemens Healthcare, Munich, Berlin, Germany). We performed an area-based quantification
of adipose tissue compartments on two representative levels of the abdomen. Level L3/4
reportedly showed the best correlation with volume-based quantification of adipose tissue
compartments and cardio-metabolic risk factors, including subgroups with varying age and
gender of the Framingham Heart Study [20]. Level L4/5 has been observed to be strongly
correlated with diabetes and hypertension [21]. By manually determining specific regions of
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interest (ROI) at L3/4 and L4/5, the TFA (whole circumference, see Figure 1), the VFA
(along the fascial plane tracing the abdominal wall, see Figure 1) and the RFA (defining the
retroperitoneum, see Figure 1) were measured (volumetric quantification of selected slice,
divided by slice thickness). The adipose tissue was selected by limiting the measurements to
a lower attenuation limit of -190 HU and an upper attenuation limit of -30 HU [22; 23]. The
remaining adipose tissue compartments were calculated as follows: SFA was determined by
subtracting VFA from TFA, and IFA by subtracting RFA from VFA. The visceral to
subcutaneous fat ratio (VFR) was calculated as VFA/SFA.

On both levels (L 3/4 and L 4/5), specific ROIs of muscle-area (volumetric quantification of
selected slice, divided by slice thickness) were manually selected using the Syngo Volume
Tool: M. erector spinae (by tracing the Fascia thoracolumbalis) and M. psoas major (Figure
2). The muscle tissue was selected by limiting the measurements to a lower attenuation limit
of 40 HU and an upper attenuation limit of 100 HU. These thresholds were chosen to be
narrower than other commonly used ranges (0-100 HU or -29-150 HU) based on visual
controls that we conducted as a plausibility test within our study cohort. By choosing a
lower attenuation limit of 40 HU we avoid measuring errors that could otherwise occur due
to the application of contrast media and the lipid content of the muscle.[24-28] The skeletal
muscle index was calculated (SMI = area(cm>) m psoas + M. erector spinae/ (neight?(m?).[28]

Inter-observer agreement—For quality control, TFA, VFA, RFA, M. erector spinae and
M. psoas major at levels L3/4 and L4/5 of CT scans of n = 10 patients were analyzed by two
blinded readers (one experienced radiologist and one trained medical student) to assure
measurement validity and reproducibility.

By utilizing the Aquarius Intuition software (TeraRecon, Foster City, USA) in the mode
“Abdomen Tech/ Fat Analysis” the waist circumference on the CT scans was measured at
the level of the navel [29; 30] and the hip measurement was taken at the level of the spina
iliaca anterior superior. As this method is not prone to mistakes we did not conduct a blinded
analysis with two different raters.

The manual WHR and WHtR measurements were taken by a trained research assistant with
the patient standing upright and measured to the closest mm, three independent times. Waist
circumference was measured at the level of the navel and the narrowest part of the waist
(mean of three measurements). Hip circumference was determined at the level of the spina
iliaca anterior superior and the widest part of the hip.

Type and duration of physical activity during the past 12 months were assessed with
questionnaires (VITAL) and converted to metabolic equivalents (METs) with 1 Met A 3.5
ml oxygen per kg body weight per minute in men (women: 3.15 ml/kg/min) [19; 31-33].

Statistical analysis

Statistical analyses were performed using SAS 9.3 (2008, SAS Institute, Cary, USA).
Continuous data were tested for normal distribution performing the Shapiro-Wilk test and
observing g-q plot distributions of the data. Non-normal data (VFA, IFA, RFA and VFR)
were square-root transformed to achieve normality. Bivariate analyses were performed using
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the t-test (paired and unpaired) for comparing means (time of scan, gender, age). Pearson
correlations for continuous variables as well as Spearman correlations for discrete variables
were assessed (gender, BMI categories, stage, age categories and scan time). Finally, adipose
tissue compartments from CT-scans were regressed on BMI, WHR and WHIR in separate
analyses of variance (ANOVA) models and potential effect modifiers and confounders were
then added into multivariable regression models [gender, age (in years), pre / post-surgery
scan, level of scan (“L3/4, L4/5™), stage (“I, Il, 11, I\V"") metabolic equivalents (continuous),
area M. psoas and erector spinae (continuous)]. All correlation analyses had a statistical
power of ~90% and were considered significant at a= 0.05. The inter-observer agreement of
adipose tissue compartment assessment was tested using the Bland-Altman test.

Time point of CT scan—There were 78 CT scans before and 42 CT scans after surgery
available. There was no difference in adipose tissue distribution or body metrics (BMI,
WHR, WHtR) between assessments taken from patients before or after surgery (results not
shown). This suggests that pre-and post-surgery CT scans provide similar information and
can be combined for statistical analysis.

Gender—Men and women had an identical median age (61.5 years) and nearly identical
mean age (women: 60.6 +/-11.4; men: 60.7 +/-11.6).

of adipose tissue compartments

The area-based quantification of the TFA, VFA, RFA, IFA, SFA and VFR at levels L3/4 is
provided in Table 2. As there was no relevant difference between level L3/4 and L4/5,
following results are shown for level L3/4.

Gender—Men had significantly higher transformed VFA (p=0.0001), RFA (p=<0.0001),
IFA (p=0.0016) and VFR (p=<0.0001) values at level L3/4 compared to women. Women,

however, tended to have higher SFA values than men, but not significantly different (Table
3).

Age—We compared patients older than 61 years vs. younger (median split). Older patients
had significantly higher TFA values, as well as VFA, IFA, RFA and VFR values than
patients 61 years of age or younger at level L3/4 (p=0.001, p=<0.0001, p=<0.0001,
p<0.0001 and p=<0.0001 respectively). SFA, however, was not significantly different
between both age groups (Table 3). No age difference was observed for BMI or WHR, but
patients older than 61 years collectively had higher WHtR measures than their younger
counterparts (RPD=6.5%; p=0.0029).

Stage—Patients with higher tumor stages (111 and 1V) showed significantly lower adipose
tissue in all compartments in equal measure compared with the group of patients with lower
stage tumors (I and 11) (Table 4).
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Body metrics: Waist-to-Height-Ratio (WHtR), Body-Mass-Index (BMI) and Waist-to- Hip-

Ratio (WHR)

Overall, we noted a strong, statistically significant correlation of the WHtR with all adipose
tissue compartments. In particular, the correlations of VFA and IFA with WHtR were
stronger than with BMI and WHR. WHtR was moderately correlated with VFR (Table 5).
For both genders there were strong correlations of the different compartments with WHtR.
Furthermore in women WHtR correlated significantly with VFR, while men did not (Table
6).

BMI correlated positively with all compartments at both levels. The correlations of TFA,
SFA, and RFA with BMI were stronger than with WHtR and WHR; BMI however, was not
significantly correlated with the VFR (Table 5). In the gender subgroup analysis, BMI and
the VFR were positively correlated among women, but not men (Table 6).

WHR was most weakly, but still significantly correlated with most of the different
compartments and VFR, but excluding SFA (Table 5). In the gender subgroup analysis,
WHR was not correlated significantly with SFA men and woman and with TFA in women
(Table 6).

WHR and WHtR-Measurement—As there is no standardized method of WHR and
WHItR measurement, we evaluated which manually-collected measure was most strongly
correlated with the CT-collected measures and the adipose tissue compartments. WHR
(manually) as the ratio of narrowest waist circumference and widest hip circumference on a
standing patient correlated most strongly with the WHR calculated from CT data (r=0.64,
p=0.014). Both manually collected WHtR measures were strongly correlated with CT data
(navel: r=0.93, p<.0001; narrowest waist level: r= 0.92, p<.0001).

Physical activity and adipose tissue compartments—At baseline, patients reported
a mean of 17.9 (median 11.5) metabolic equivalents per week (METS) during the past 12
months. Overall, there was no significant correlation between the adipose tissue
compartments and physical activity levels (results not shown). In multivariate linear
regression analyses, only a modest association between physical activity and the SFA
compartment at level L3/4 was seen, such that, per unit increase in METS, SFA increased by
about 0.98 cm? while adjusting for age, sex, scan time and stage (p=0.042).

Physical activity vs. muscle

There was a significant positive correlation of physical activity and the M. psoas (r=0.267,
p=0.019), while there was no significant correlation with M. erector spinae. However, in
male and in younger patients there was a significant positive correlation with both muscles
M. psoas and erector spinae, while in women physical activity was negatively correlated
with M. erector spinae. Regarding tumor stage, physical activity was positively correlated
with the M. erector spinae in patients with stage 111 /I, while there was no correlation with
either muscle in patients with stage | / 1l (Table 7).
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Muscle vs. adipose tissue compartments—Generally, reduced adipose tissue at
multiple adipose tissue compartments was associated with greater M. erector spinae (Table
8). No significant correlations between any of the compartments and M. psoas were
observed.

Body metrics vs. muscle

BMI was not correlated with either M. psoas or M. erector spinae, or the muscle index.
WHR was positively correlated with the M. psoas, but not with M. erector spinae and the
muscle index. However, WHtR was negatively correlated with both M. psoas and M. erector
spinae, as well as the muscle index (Table 9).

Inter-observer agreement—The Bland-Altman analysis of TFA, VFA and SFA as well
as the M. psoas and dorsal muscles showed a high concordance between the two
independent, blinded readers in a preliminary investigation with 10 CT-data sets (Table 10).
Therefore, the remaining quantifications of adipose tissue compartments were performed by
one reader.

Discussion

In this study, we assessed body fat distribution in CRC patients based on diagnostic CT
scans, with the aim to explore the association between adipose tissue distribution and
gender, age, disease stage, muscle mass, physical activity and body metrics. The area-based
quantification of adipose tissue compartments on the basis of CT scans proved to be reliable
and reproducible. In the literature, the levels L3/4 and L 4/5 are deemed comparable with
volume-based measurements, and are strongly correlated with obesity-related mortality, such
as with diabetes or hypertension [20; 21]. Men showed higher VFA values and VFR in
comparison to women. Furthermore, older patients (>61 years) had higher VFA and VFR
than younger patients. This is important as a specific pathogenic role is attributed to the
visceral adipose tissue, and therefore patients at risk for obesity-related morbidities might be
identified by quantification of adipose tissue compartments.

Notably, with increasing tumor stage we found a depletion of adipose tissue in all
compartments, which affected all compartments to a similar extent and might reflect
beginning cachexia.

In contrast to BMI and WHR, only the WHtR showed a strong correlation with nearly all
compartments and VFR at both levels of measurement. Also, only the WHtR correlated
negatively with the muscle mass. However, similar to BMI and WHR, WHTtR did not reflect
the differences of adipose tissue distribution by age or gender. These results indicate that
WHTtR might be a better marker than BMI or WHR for the distribution of adipose tissue and
could replace BMI in clinical routines as an initial tool for the evaluation of adipose tissue
distribution. Intriguingly, several studies have shown that WHtR is more strongly correlated
with obesity-associated mortality in patients with diabetes, hypertension and dyslipidemia
than WHR or BMI [34-36]. Furthermore, WHtR is more applicable to children and different
ethnicities [37]. Our results support the use of this variable in further research and
potentially in clinical decision making.
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There was no association between self-reported physical activity and the different adipose
tissue compartments in our patient group. This, however, could be explained by the
generally low level of physical activity among our patient population, and therefore should
be further investigated in future studies, especially in patients with a wider range of physical
activity.

Regarding measurements of muscle distribution, the M. erector spinae area was inversely
correlated with nearly all adipose tissue compartments at both levels, while M. psoas area
was less predictive. However, physical activity was positively correlated with muscle mass,
especially in men and younger patients, which might be an effect of more muscle mass and a
higher level of physical activity in these subgroups.

As obesity is associated with incidence of and mortality from CRC [2; 4; 12; 15; 18; 22; 36],
our future aim is to evaluate which measurement of body composition and adipose tissue
distribution or specific compartment is the strongest predictor of morbidity (e.g.
perioperative complications, tolerance of chemotherapy), recurrence and mortality. Another
topic of research will be the correlation of adipose tissue compartments and muscle area
with cachexia and sarcopenia in CRC patients.

This study has several limitations.

As we only included ColoCare patients, our number of recruited patients is relatively small.
As aresult, in a larger sample size certain not yet detected differences among subgroups
might be revealed. Only ColoCare participants with available CT data from the process of
routine staging or preoperative planning were included in this study. Patients who were not
entirely positioned within the field of view of the CT scanner were excluded (n=11), as were
patients with unknown weight or height. Patients with lower stages are underrepresented in
this study, as they often did not receive a routine CT scan. For reasons of radiation
protection, we did not conduct CT scans solely for study purposes.

As we could not find statistical differences regarding the muscle and adipose tissue
distribution between CT-scans of patients before and after surgery we included both into one
group. However, as the major group were rectal cancer patients, we think that the surgery in
mainly pelvic location did not influence the more cranial situated measurements, especially
L3/4.

As we performed a retrospective analysis of preexisting CT scans, various CT scanners with
different protocols were used. Nevertheless, this had no influence on the quantification of
adipose tissue or muscle as we adjusted for differences between the scans regarding slice
thickness. Furthermore, we observed no difference in adipose tissue measurements
concerning the application of contrast media. Regarding muscle measurements, we narrowed
the attenuation range to 40-100 HU in comparison to other commonly used ranges (0-100
HU or -29-150 HU) to avoid measuring errors that could otherwise occur due to the
application of contrast media and the lipid content of the muscle [24-27] [38; 39] Also, we
tested an upper attenuation limit of 150 HU with our CT-Data, and found no further increase
in muscle area. All decisions regarding these thresholds were based on visual controls that
we conducted as a plausibility test to make sure we measure the correct muscle area.
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To our knowledge, this is the first investigation of adipose tissue compartments in
comparison with body metrics including BMI, WHR and WHIR in patients with CRC,
which contains a thorough evaluation of clinical information. There were previous studies in
CRC patients evaluating adipose tissue compartments in comparison with BMI with slightly
different emphasis, which also showed the low prognostic value of BMI and a weak
correlation of BMI with the prognostically relevant visceral adipose tissue. [40-42]

Conclusion

Regional densitometric quantification of adipose tissue on CT at levels L3/4 and L4/5 is a
highly reproducible and reliable method for obtaining accurate data on different adipose
tissue compartments. Male patients had significantly more VFA and a higher VFR than
women. The fat distribution among CRC patients appears to change with age, with more
VFA and a higher VFR among older patients (> 61 years). WHtR was a better predictor of
adipose tissue compartments and muscle mass than BMI and WHR, but did not adequately
capture differences by age and gender, compared to the CT-based measurement. Our study
illustrates the utility of both CT scan-based adipose tissue compartment assessment and
WHIR in both outcomes research and possibly clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points
. Densitometric quantification of adipose tissue on CT is highly reproducible
and reliable
. Waist-to-Height-Ratio better correlates with adipose tissue compartments and

VFR than BMI or Waist-to-Hip-Ratio

. Men have higher a higher visceral fat area than women

. Patients older than 61 years have higher visceral fat area

. Patients with tumor stages I11/IV have significantly lower adipose tissue than
i1
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a) Total Fat Area (TFA) b) Visceral Fat Area (VFA)

c) Retroperitoneal Fat Area (RFA)

Figure 1.
Example of quantification of adipose tissue area in CT scans via specific ROIs: a) TFA, b)

VFA and ¢) RFA

Eur Radiol. Author manuscript; available in PMC 2017 September 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Nattenmueller et al.

a) M. erector spinae b) M. psoas major

Figure 2.
Example of quantification of muscle area: a) M. erector spinae and b) M. psoas
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Table 1

Characteristics of the study population, n = 120.

Categories | N (%)

Age (y)
Mean (+/- SD) | Mean 60.7 (+/- 11.6 SD)

<61 years | 60 (50.0)
>61 years | 60 (50.0)
Sex
Men 84 (70.0)
Women 36 (30.0)
BMI (kg/m?)
Mean (+/- SD) | Mean 26.2 (+/- 4.2 SD)

Underweight (< 18.5) | 5(4.2)
Normal weight (18.5 — 24.9) | 41 (34.2)
Overweight (25.0 — 29.9) | 54 (45.0)
Obese Class | (30.0 — 34.9) | 14 (11.7)
Obese Class Il and 111 (2 35.0) | 6 (5.0)
Location of Tumor
Colon | 39 (32.5)
Recto sigmoid | 8 (6.7)
Rectum | 73 (60.8)
Stage
I | 19 (15.8)
1l | 35(29.2)
1 | 31(25.8)
v | 34 (28.3)
Unknown | 1(0.8)*
Time of CT scan
Pre-surgery 79 (65.8)
Post-surgery | 41 (342

HokA

Metabolic Equivalents (METs, n=77)
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Categories

| N (%)

Mean (+/- SD) | Mean 17.9 (+/- 18.8 SD)

*
One patient underwent radiation before surgery and was tumor free afterwards.

*:

Aok

ok
median (1/3 quartile) scan time after surgery (days): 13.0 (6.8/72.6).

Vital questionnaire, time frame: 1 year before baseline [19].
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Table 5

Pearson correlations of body metrics with adipose tissue compartments, a = 0.5, N(total) = 120,
N(women)=84, N(women)=36.

BMI r(p) WHRr (p) WHItR r (p)

TFAL3/L4 [ 085 (<.0001) | 0.31(<0.01) * | 0.84 (<.0001) *

VFA L3/L44 | 0.65 (<.0001) * | 051 (<.0001) * | 0.69 (<.0001) *

IFA L3/L44 | 0.65(<.0001) * | 0.47 (<.0001) * | 0.71 (<.0001) *

RFA L3/L42 | 0.52 (<.0001) * | 0.45 (<.0001) * | 0.51 (<.0001) *

SFAL3/L4 | .77 (<.0001) * 0.04 (0.7) 0.71 (<.0001) *

VFR L3/L42 | 015(0.11) | 951 (<.0001) * | 0.22(<0.05) *

a . . .
: square root transformed version of the variable was used, TFA= total fat area, VFA= visceral fat area, SFA= subcutaneous fat area, IFA=
intraperitoneal fat area, RFA= retroperitoneal fat area and VFR= visceral fat ratio VFA/SFA.

= significant (p<0.05).
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Table 6

Page 21

Pearson correlations of body metrics with adipose tissue compartments in A) men and B) women, a=0.5,

N=84.

A)

BMI r(p) WHR r (p) WHTtR r (p)
TFAL3/LA | 085 (<0.001)" | 0.27 (<0.05)* | 0.85 (<0.001) ™
VFA L3/L44 | 0.63 (<0.001)* | 0.36 (<0.01) " | 0.76 (<0.001) "
IFAL3/L47 | 059(<0.001)™ | 0.34(<0.01)™ | 0.74 (<0.001) ™
RFA L3/L47 | 0.52(<0.001) | 0.30 (<0.01)™ | 0.58 (<0.001)*
SFAL3/L4 | og1(<0.001)* [ 014(0-21) | 070 (<0.001)
VFR L3147 | -002(084) | 024 (<005 | 0.21(0.06)
B)
TFA L3/L4 0.85 (<0.001) * 0.33(0.05) 0.91 (<0.001) *
VFA L3/L44 | 0.70 (<0.001)* | 0.50 (<0.01) " | 0.86 (<0.001) "
IFA L3/L44 | 0.73 (<0.001)™ | 0.47 (<0.01)™ | 0.86 (<0.001) ™
RFA L3/L47 | 0.49(<0.01)" | 0.41 (<0.05)* | 0.65 (<0.001) "
SFAL3/LA [ .75 (<0.001)" [ 0-05(0.76) | 0.71 (<0.001)™
VFR L3/L42 | 0.33(<0.05)™ | 0.58 (<0.01)" | 0.51(<0.01)™

a . . .
: square root transformed version of the variable was used, TFA= total fat area, VFA= visceral fat area, SFA= subcutaneous fat area, IFA=
intraperitoneal fat area, RFA= retroperitoneal fat area and VFR= visceral fat ratio VFA/SFA.

*
=significant (p<0.05).
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Pearson correlations of physical activity (METs) with M. psoas and M. erector spinae, a=0.5, N=77.

M. Psoas r(p)

M. erector spinae r(p)

METs 0.267 (0.019) * 0.17(0.13)
METs female -0.29 (0.19) -0.49 (0.0216) *
METs male 0.37 (0.0055) * 0.35 (0.0080) *
METs < 61 0.48 (0.0014) 0.44 (0.0039)
METS >61 0.02 (0.93) -0.12 (0.50)
METs Stage 1/2 |  0.27 (0.13) -0.03 (0.85)
METs Stage 3/4 0.26 (0.09) 0.30 (0.0496) *

=significant (p<0.05).
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Table 9

Pearson correlations of BMI, WHR and WHtR with M. psoas, M. erector spinae and SMI (skeletal muscle
index); N = 120, r (p-value).

M. Psoas r(p) | M. erector spinae r(p) SMI r(p)
BMI 0.14 (0.13) -0.17 (0.06) -0.08 (0.36)
WHR 0.19 (0.043)* 0.06 (0.50) 0.05 (0.58)
WHIR | _0.23(0.0112)* -0.51 (<.0001) * -0.4 (<.0001) *

SMI = skeletal muscle index.

*
=significant.
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