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Associations of Abdominal Skeletal Muscle Mass, Fat
Mass, and Mortality among Men and Women with Stage
I–III Colorectal Cancer
Harm van Baar1, Renate M. Winkels1, Jesca G.M. Brouwer1, Liesbeth Posthuma1, Martijn J.L. Bours2,
Matty P. Weijenberg2, Hendriek C. Boshuizen1, Moniek van Zutphen1, Fr€anzel J.B. van Duijnhoven1,
Dieuwertje E. Kok1, Evertine Wesselink1, Gerrit D. Slooter3, Ernst J. Spillenaar Bilgen4,
Birgitta M.E. Hansson5, Johannes H.W. de Wilt6, Ellen Kampman1, and Sandra Beijer7

ABSTRACT
◥

Background:The associations of abdominal skeletal musclemass
index (SMI), visceral and subcutaneous adipose tissue (VAT and
SAT, respectively), and mortality among patients with stage I–III
colorectal cancermaydiffer formenandwomen, but only few studies
stratified their data into men and women. We investigated associa-
tions of abdominal SMI, VAT, and SAT with overall mortality
among men and among women with stage I–III colorectal cancer.

Methods: SMI, VAT, and SATwere assessed from abdominal CT
images for 1,998 patients with stage I–III colorectal cancer diagnosed
between 2006 and 2015. Restricted cubic splines (RCS) were used to
investigate associations of SMI, VAT, and SAT with overall mor-
tality.

Results: Average age of the participants was 67.9 � 10.6 years
and 58% were men. During a median follow-up of 4.3 years, 546

(27%) patients died. Among men, the association of SMI and
mortality was statistically significant in a nonlinear way in the
RCS analyses, with lower SMI levels associated with higher
mortality. SMI was not associated with mortality among women.
SAT was associated with mortality in a nonlinear way for men
and for women, with lower SAT levels being associated with
higher mortality. VAT was not significantly associated with
mortality in men or women.

Conclusion: Associations of abdominal skeletal muscle mass
with mortality among patients with colorectal cancer were not the
same for men and for women.

Impact: This study stresses the importance for more attention
on sex-related differences in body composition and cancer out-
comes.

Introduction
Colorectal cancer is one of the most common malignancies world-

wide, with over 1.8 million new cases in 2018 (1). Various studies have
investigated associations of abdominal skeletal muscle mass, amount
of visceral adipose tissue (VAT) or subcutaneous adipose tissue (SAT),
and mortality among patients with colorectal cancer (2–18), but up till
now, the results are inconsistent. This inconsistency has several
reasons. First, studies included a mix of patients with stage I–III and
stage IV colorectal cancer. Five-year survival rate of patients with stage
I–III colorectal cancer is generally above 70%, whereas in patients with
stage IV colorectal cancer, this is generally less than 15% (19). Severe
weight loss and muscle wasting (cachexia) are highly prevalent among

patients with stage IV cancer, due to metabolic alterations induced by
the tumor (20). Among patients with stage I–III cancer, cachexia is less
common; thus, low skeletal muscle mass is more likely to be related
to aging and/or a sedentary lifestyle. Analyses on body composition
and mortality should therefore not include combined populations of
stage I–III and stage IV patients.

A second possible explanation for the inconsistent results is the use
of inappropriate cutoff values to identify patients with a low or high
abdominal muscle or fat mass.When it comes to patients with stage I–
III colorectal cancer, five studies investigated the association of low
abdominal skeletal musclemass andmortality all using different cutoff
values for low skeletal musclemass: the used cutoffs ranged from <31.6
to <46.6 cm2/m2 for women and <43 to <54.3 cm2/m2 for
men (9–12, 17). An Asian (n ¼ 220), a Canadian (n ¼ 968), and a
large U.S. study (n ¼ 3,262; refs. 10, 12, 17) reported a significant
association between low abdominal skeletal muscle mass and higher
mortality, while in two European studies (n ¼ 816 and n ¼ 339; refs.
9, 11), low abdominal skeletal muscle mass was not associated with
higher mortality. Both European studies used cutoff levels for low
skeletal muscle as defined by U.S. or Canadian cohorts (12, 14). As
noted by others (21, 22), the cutoff levels for low abdominal skeletal
muscle as defined in U.S./Canadian populations might not be appro-
priate for European populations.

VAT is known to be associated with chronic, low-grade inflam-
mation, and a higher risk of worse cardiovascular outcomes (23, 24).
So far there is no convincing evidence that VAT is also associated
with mortality among patients with stage I–III colorectal cancer
(11, 12, 15–18). A relatively small study (n ¼ 62; ref. 15) reported a
statistically significant association of high VAT with increased overall
mortality among patients receiving adjuvant chemotherapy. Four
other studies observed no clear associations between low or high VAT
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and mortality (11, 12, 16, 17). One study determined a cutoff value for
high VAT using optimal stratification (17), two studies used ter-
tiles (11, 12), and one study applied a median split (16) to categorize
VAT. All these categorizations are relatively crude, and these four
studies may have failed to detect an association as a result of these
crude categorizations. A sixth study used cubic splines to investigate
the association of VAT and mortality (18) and observed a nonlinear
association between VAT and mortality.

Compared with VAT, SAT contains a lower number of inflamma-
tory and immune cells and is considered to be a less active fat tissue
thenVAT (25). Three studies (11, 12, 18) reported on the association of
abdominal SAT and mortality among patients with stage I–III colo-
rectal cancer exclusively. Two studies did not observe significant
associations while using tertiles to categorize SAT. Again, Brown and
colleagues (18) observed a nonlinear association between SAT and
mortality using restricted cubic splines. This shows that dose–response
analyses using restricted cubic spline (RCS) functions (26) could help
identify possible linear or nonlinear associations of VAT and SATwith
mortality that might be missed when categorizing muscle or adipose
tissue variables.

Another possible explanation for inconsistent results on associa-
tions of body composition and survival could be that not all studies
stratified their data into men and women. Body composition differs
between men and women, with men generally having more VAT and
highermusclemass, andwomen generally havingmore SAT and lower

muscle mass (27). Age-related changes in skeletal muscle structure,
function, and metabolism differ between men and women, possibly
mediated by sex hormones (28). Sex differences in body fat distribution
might account for differences in inflammatory markers between men
andwomen (29). Currently, there is a gap in literature onwhether these
sex-based differences in body composition have an impact on the
association between body composition and mortality in patients with
cancer. Of the previous studies among patients with stage I–III
colorectal cancer (9–12, 15–18), only two studies (both in the same
dataset: men n ¼ 1,634, women n¼ 1,628; refs. 12, 18) stratified their
data by sex. The stratified analyses suggest that associations of abdom-
inal skeletal muscle mass, VAT, and SATwithmortality differ between
men and women.

The aim of this study was to investigate the associations of abdom-
inal skeletal musclemass, VAT, and SATwith overall mortality among
men and among women with stage I–III colorectal cancer.

Materials and Methods
Population

For this study, data of two ongoing prospective cohort studies
among patients with colorectal cancer, the COLON (30) and
EnCoRe (31) study, were combined with registry-based data, as
described previously (32). Briefly, for the COLON study, participants
were recruited betweenAugust 2010 and January 2016; for the EnCoRe
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Figure 1.

Flowchart for inclusion of patients with stage I–III
colorectal cancer in an observational study on body
composition and mortality.
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study, participants were recruited between April 2012 and Septem-
ber 2015; and for the registry-based data, the Netherlands Cancer
Registry was used to select all patients with stage I–III colorectal
cancer diagnosed between 2007 and 2010 in three hospitals. Patients
had to be diagnosed with stage I–III colorectal cancer to be eligible
for the current analysis. Additional exclusion criteria for the present
analyses were missing CT image, CT images of poor quality, or
missing data on stage of disease (see Fig. 1). Only pretreatment CT
images assessed within 3 months of diagnosis were considered
representative for body composition at diagnosis. Patients with a
CT image assessed after treatment or outside this time period were
excluded from analyses.

The study was performed in accordance with the Declaration
of Helsinki. The COLON study (ClinicalTrials.gov Identifier:

NCT03191110) was approved by the Committee on Research
involving Human Subjects, region Arnhem-Nijmegen, the Nether-
lands. The EnCoRe study (Netherlands Trial register number 7099)
was approved by the Medical Ethics Committee of the University
Hospital Maastricht and Maastricht University (Maastricht, the
Netherlands). All participants of the COLON and EnCoRe study
provided written informed consent. According to the Central
Committee on Research involving Human Subjects (CCMO), stud-
ies using the data of the Netherlands Cancer Registry do not require
approval from an ethics committee in the Netherlands. The study
was approved by the Privacy Review Board of the Netherlands
Cancer Registry. In addition, the ethical committees of the three
participating hospitals gave permission to use additional data from
CT images.

Table 1. Baseline characteristics of patients with stage I–III colorectal cancer in an observational study on body composition and
mortality.

Total
population
(n ¼ 1,998)

Women
(n ¼ 832) (42%)

Men
(n ¼ 1166) (58%)

Demographic characteristics
Age [y, mean (SD)] 67.9 (10.6) 67.8 (11.6) 68.0 (9.8)
Follow-up time [months, median (IQR range)] 51 (28–79) 54 (29–82) 49 (27–77)
Deceased patients [n (%)] 546 (27) 223 (27) 323 (28)
Study [n (%)]

Prospective 857 (43) 323 (39) 534 (46)
Registry-based 1,141 (57) 509 (61) 632 (54)

Clinical characteristics
Cancer stage [n (%)]

I 478 (24) 203 (24) 275 (23)
II 691 (35) 281 (34) 410 (35)
III 829 (42) 348 (42) 481 (41)

Tumor location [n (%)]a

Colon 1,303 (67) 595 (74) 708 (62)
Rectal 648 (33) 214 (27) 434 (38)

Number of comorbidities [n (%)]b

0 622 (33) 288 (37) 334 (30)
1 474 (25) 209 (27) 265 (24)
≥2 796 (42) 292 (37) 505 (43)

Neoadjuvant or adjuvant treatment
Radiotherapy [n (%)]c

No 1,395 (74) 616 (74) 779 (71)
Yes 488 (26) 173 (21) 315 (29)

Chemotherapy [n (%)]d

No 1,401 (73) 581 (72) 820 (74)
Yes 510 (27) 221 (28) 289 (26)

Body composition
BMI [kg/m2, n (%)]e

<20 67 (4) 44 (6) 23 (2)
20–24.9 629 (37) 278 (40) 351 (30)
25–29.9 728 (42) 254 (31) 474 (47)
≥30 295 (17) 124 (15) 171 (17)

Visceral adipose tissue [cm2, median (IQR range)] 145 (76–219) 93 (47–150) 186 (117–260)
Subcutaneous adipose tissue [cm2, median (IQR range)] 156 (112–215) 189 (137–256) 136 (105–183)
Skeletal muscle index [cm2/m2, mean (SD)] 46.8 (8.8) 40.4 (5.9) 51.3 (7.7)
Skeletal muscle radiodensity [HU, mean (SD)] 34.2 (9.3) 32.0 (10.0) 35.7 (8.5)

Abbreviations: BMI, body mass index; HU, Hounsfield unit.
aTumor location data of 47 patients missing.
bComorbidity data of 106 patients missing.
cRadiotherapy data of 115 patients missing.
dChemotherapy data of 87 patients missing.
eBMI data of 279 patients missing.
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Body composition
Skeletal muscle, VAT, and SAT cross-sectional areas were quan-

tified on CT images at the level of the third lumbar vertebrae with
the use of Slice-O-Matic software version 5.0 (Tomovision). Stan-
dard radiodensity thresholds, measured in Hounsfield units (HU),
were used to quantify the cross-sectional areas of VAT, SAT, and
skeletal muscle. Threshold values were between –150 and –50 HU
for VAT, between –190 and –30 HU for SAT, and between –29 and
þ150 HU for skeletal muscle (33, 34). The skeletal muscle cross-
sectional area (cm2) was adjusted for height (cm2/m2) to calculate
the skeletal muscle index (SMI). Skeletal muscle radiodensity (32)
was assessed as the mean radiographic density of the total skeletal
muscle cross-sectional area. Total adipose tissue (TAT) was calcu-
lated as the sum of VAT and SAT.

Medical history and mortality
For both the COLON and EnCoRe study, data on age, sex, type of

cancer, stage of disease, comorbidities, and date of surgery were
collected from medical records. For the registry-based dataset, these
data were retrieved from the Netherlands Cancer Registry. Mortality
data (i.e., vital status and date of death) were retrieved from the
Municipal Personal Records Database.

Statistical analyses
Demographic and clinical characteristics are presented as median

and interquartile range (IQR) for continuous variables that were not

normally distributed (SMI, VAT, SAT, and follow-up time).Mean and
SD are presented for continuous variables that followed a normal
distribution. Frequency and percentages are presented for categorical
variables.

RCS analyses (26) were used to investigate associations of SMI,
VAT, and SATwithmortality, and to assess whether associations were
non-linear. Knots were places at the 5th, 50th, and 95th percentiles of
SMI, VAT, or SAT. HRs for the RCS analyses were calculated using the
median as the reference. All analyses were stratified into men and
women. On the basis of literature, the RCS analyses for abdominal
SMI, VAT, and SAT were adjusted for age and stage of the disease.
Other variables, that is, tumor location (colon or rectum), number of
comorbidities (0, 1, or ≥2), neoadjuvant and/or adjuvant treatment
(chemotherapy yes or no, radiotherapy yes or no), cohort (COLON or
EnCoRe or registry-based), height (continuous, in the VAT and SAT
analyses), skeletal muscle radiodensity (continuous), SMI (continu-
ous, in the VAT and SAT analyses), VAT (continuous, in the SMI and
SAT analyses), SAT (continuous, in the SMI and VAT analyses), and
TAT (continuous, in the SMI analyses) were included in the final
models if they changed the HR for mortality in any of the models with
at least 10% when the potential confounder was individually added to
the model. On the basis of these analyses, skeletal muscle radiodensity,
SMI, chemotherapy, and radiotherapy were identified as confounding
variables. Additional to the RCS plots, HRs with 95% confidence
intervals for specific SMI, VAT, and SAT values were calculated using
the RCS analyses.
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Top, number of patients per BMI category. Middle, mean absolute values of skeletal muscle index (SMI) per BMI category among men (A) and women (B). Bottom,
mean relative distribution of skeletal muscle, VAT, and SAT by BMI categories among men (A) and women (B).
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A sensitivity analysis was performed excluding all patients who
died within 30 days of surgery, as those patients most likely died due to
postoperative complications.

Overall mortality was defined as number of days between date of the
CT image and date of death or January 31, 2017. Patients still alive on
this date were censored in the survival analyses.

Level of significance was set at 0.05. Analyses were performed using
IBM SPSS Statistics software (version 23.0, SPSS Inc.) and SAS
software (version 9.4, SAS Institute Inc).

Results
In total, 2,618 eligible patients with colorectal cancer were

identified; 552 of them were excluded because no suitable CT image
was available, and 68 were excluded due to missing stage of disease

data (Fig. 1). The final dataset consisted of 1,998 patients; 703 of
them were participants from the COLON study, 154 were partici-
pants from the EnCoRe study, and 1,141 came from the registry-
based dataset (Supplementary Table S2 describes baseline charac-
teristics of the separate cohorts).

Table 1 shows the demographic and clinical characteristics
for the total study population. The average age of the included
patients was 67.9 � 10.6 years, 58% of the patients were men, and
33% of the patients were diagnosed with rectal cancer. The majority
of the patients were diagnosed with stage III of the disease (42%).
Forty-two percent of the population was overweight (BMI 25–30
kg/m2), and 17% was obese (BMI ≥30 kg/m2). On average, men
had more VAT and SMI and less SAT than women. The median
follow-up time was 51 months and during this period, 546 (27%)
patients died.

MenA

Test for overall association P = 0.04. Test for nonlinearity P = 0.02.

WomenB

Test for overall association P = 0.21. Test for nonlinearity P = 0.41.
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Figure 3.

The association of SMI and mortality among patients with colorectal cancer stratified into men (A) and women (B), adjusted for age and stage of disease,
radiotherapy, chemotherapy, and skeletal muscle density with three knots located at the 5th, 50th (reference), and 95th percentiles of the distribution
ofSMI.
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Baseline characteristics were similar for included and excluded
patients. Of the excluded patients, 59% were men, mean age was
70.6 years, 36% had rectal cancer, and of the excluded patients with
stage of disease data available (68%), 26%had stage I disease, 35% stage
II, and 40% stage III colorectal cancer.

Distribution of abdominal skeletal muscle, VAT, and SAT by
BMI categories among men and women are shown in Fig. 2. These
figures illustrate that among men, VAT tended to increase with
increasing BMI, while for women, SAT tended to increase with
increasing BMI. Moreover, the figure shows that with increasing
BMI, absolute SMI increased, but more so among men than among
women.

In the RCS analyses, SMI was associated with mortality in
a nonlinear way among men (P ¼ 0.04), but no significant asso-
ciation between SMI and mortality was observed for women (P ¼
0.21; Fig. 3A and B). Table 2 shows estimated HRs for specific
SMI values and illustrates that among men, lower levels of SMI were
significantly associated with higher mortality but that among
women, no statistically significant associations are apparent.

For VAT, the RCS analyses showed that VAT was not significantly
associated with mortality either in men (P ¼ 0.21), or in women
(P ¼ 0.79; Fig. 4A and B).

The RCS analyses for SAT showed that among men and among
women, SATwas associated in a nonlinearwaywithmortality (P< 0.01
and P ¼ 0.02, respectively; Fig. 5A and B). Table 2 shows that SAT
levels below the median were associated with higher mortality in both
men and women.

Sensitivity analyses excluding all patients who died within
30 days postsurgery (n ¼ 41) did not substantially alter the shape
of any of the splines (Supplementary Figs. S1–S3; Supplementary

Table S1). However, the results for the analyses for SMI among
men no longer reached statistical significance (P ¼ 0.10).

Discussion
In this study, lower abdominal SMI levels were associated with

higher overall mortality among men, but not among women. Lower
abdominal SAT levels were associated with higher overall mortality
among men and among women. VAT was not associated with overall
mortality among men or women.

Our findings that lower abdominal SMI levels were associated with
highermortality amongmen, but not amongwomen, are in agreement
with findings in a U.S. cohort of patients with stage I–III colorectal
cancer (12). The splines presented in that paper also show no asso-
ciation between abdominal SMI and mortality among women (P for
overall significance of the spline ¼ 0.72), and a significant association
amongmen (P for overall significance of the spline¼ 0.05). In both the
current and the U.S. study, the HR did not increase among women
with lower SMI level. Interestingly, in the current study, higher
levels of SMI among women were associated with increased risk of
mortality, although this was not statistically significant. Because
higher SMI levels in general are correlated with higher levels of
adipose tissue, one could hypothesize that the higher HR is actually
a result of having more adipose tissue. However, adjustment for
TAT (or VAT or SAT) did not change this HR and for that reason
TAT, VAT, or SAT were not included as possible confounding
factors in those analyses. Therefore, the potential higher risk of
mortality among women with higher SMI was not explained by
having more adipose tissue.

Other studies may have decided not to stratify by sex, because
they were too small (9–11). Other cohorts of (healthy) elderly
populations found differences between men and women in associa-
tions of body composition and mortality although data were not
fully consistent (35). Sex-related differences in inflammation levels
seen with muscle wasting (36) may be part of the mechanism of why
there are sex-related differences in the association of skeletal muscle
mass with mortality. In addition, age-related changes in muscle
mass have been hypothesized to differ between men and wom-
en (28), which could shed further light on why associations with
mortality could differ between men and women, but the exact
mechanisms remain to be fully elucidated. Our findings stress the
importance of the recent increase of attention for sex-related
differences in biomedical research (37).

We showed that lower abdominal SAT levels were associated
with higher mortality among men and among women with stage I–
III colorectal cancer. This is in agreement with a recent study
among patients with stage I–III colorectal cancer where splines
were used to investigate the association of abdominal SAT and
mortality (18). Notably, however, having higher levels of SAT was
associated with lower risk of mortality in that study, which is
something that we did not observe in our data. A possible expla-
nation for this discrepancy can be that we chose to use the median
as reference value in our splines, while the other study elected to use
a SAT level of 50 cm2 as reference value (18). Moreover, the
variation in SAT levels in our study was lower in our cohort than
in the published study: in our study, 95% of the men had a SAT level
below 272.1 cm2 and 95% of the women had a SAT level below 398.4
cm2 while a substantial number of participants had SAT levels
above 400 cm2 in the other published study. This lower range of
SAT values in our study is the result of a lower average BMI in the
population in the Netherlands, relative to the BMI distribution in

Table 2. Estimated hazard ratios for specific SMI, VAT, and SAT
values and mortality, with median values as the reference
category (i.e., for skeletal muscle index: men 50.8 cm2/m2,
women 40.2 cm2/m2; for visceral adipose tissue: men 185.6 cm2,
women 93.3 cm2; for subcutaneous adipose tissue: men 136.4
cm2, women 188.3 cm2).

Men Women
HR (95% CI) HR (95% CI)

SMI (cm2/m2)a SMI (cm2/m2)a

40 1.39 (1.06–1.83) 30 0.93 (0.60–1.44)
45 1.15 (1.01–1.30) 35 0.94 (0.78–1.13)
50 1.01 (1.00–1.02) 40 1.00 (0.99–1.00)
55 1.00 (0.92–1.09) 45 1.15 (0.98–1.36)
60 1.10 (0.88–1.38) 50 1.42 (0.93–2.16)

VAT (cm2)b VAT (cm2)b

100 1.16 (0.97–1.38) 50 1.05 (0.85–1.30)
150 1.05 (0.99–1.11) 100 1.00 (0.97–1.02)
200 0.99 (0.97–1.01) 150 1.00 (0.87–1.16)
250 0.99 (0.92–1.08) 200 1.06 (0.81–1.38)
300 1.04 (0.88–1.23) 250 1.14 (0.72–1.80)

SAT (cm2)b SAT (cm2)b

50 2.12 (1.49–3.01) 100 1.44 (1.09–1.90)
100 1.31 (1.16–1.48) 150 1.14 (1.03–1.26)
150 0.94 (0.91–0.97) 200 0.98 (0.95–1.00)
200 0.85 (0.74–0.97) 250 0.94 (0.84–1.04)
250 0.89 (0.63–1.17) 300 0.98 (0.81–1.18)

aAdjusted for age and stage of disease, radiotherapy, chemotherapy, and
skeletal muscle density.
bAdjusted for age and stage of disease, radiotherapy, chemotherapy, skeletal
muscle density, and SMI.
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theUnited States (38). As a result, we had less statistical power to detect
associations, especially for SAT values, in the upper/high range.

Our results for abdominal SATare not in agreementwith analyses in
a cohort of patients with colorectal cancer from the United States (12).
In that analysis, no associations were observed for abdominal SAT and
mortality. We hypothesize that this inconsistency is the result of
methodologic differences in the statistical analysis between those
results and the results presented in the current article. The U.S.
study (12) only reported on risk associated with high SAT (highest
tertile) versus lower SAT (reference group consisting of participants in
the lowest two tertiles). This categorizationmay not have been optimal
to detect a potential increased risk of mortality with lower levels of
SAT. This underlines the importance of using splines to explore the
potential associations of features of body composition and mortali-
ty (39). Studies among other cancer populations have also reported a
statistically significant association between low abdominal SAT versus
normal/high abdominal SAT and higher mortality (13, 40, 41). The
potentialmechanismofwhy lowSATmay be associatedwith increased
risk of mortality remains to be established, but low SAT areas may be a
sign of minimal metabolic reserves, which may explain why these
patients have a higher mortality (42).

VAT was not significantly associated with worse survival in our
population, which is consistentwith three other studies (11, 12, 16), but
not with two other studies (15, 18). As mentioned before, one of those
earlier studies used splines to investigate the association of VAT and
mortality. That study observed that among women, higher levels of
VATwere associated with highermortality relative to a reference value
of 50 cm2, and that among men, having VAT levels of �100–300 cm2

was associated with lowermortality compared with the reference value
of 50 cm2. As also argued in the earlier paragraph on the SAT findings,
an important factor to consider is what was chosen as the reference
group. In our analyses, we chose the median value as reference value,
while in the other study a (very low) VAT level of 50 cm2 was chosen as
reference value. Moreover, the range of values in VAT is smaller in our
cohort than in the cohort from the United States. From the splines
reported in that article, it is apparent that the increased risk of
mortality with increasing VAT levels reached statistical significance
when levels of VATwere above approximately 200 cm2. In our dataset,
only a limited number of women had VAT levels above that value, and
thus our statistical power to observe associations was limited. In
addition, contrary to the other study, we adjusted our analyses for
VAT for skeletal muscle radiodensity. This adjustment attenuated our
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Figure 4.

The association of VAT and mor-
tality among patients with colo-
rectal cancer stratified into men
(A) and women (B), adjusted for
age and stage of disease, radio-
therapy, chemotherapy, skeletal
muscle density, and skeletal mus-
cle index with three knots located
at the 5th, 50th (reference), and
95th percentiles of the distribu-
tion of VAT.
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HRwithmore than 10%,while the other study chose not to adjust for it.
Thus, this discrepancy can partly explain the different findings.
Although more research on this topic is warranted, a conclusion could
be that the increased risk of higher levels of VAT is evident mostly
among very high levels of VAT, and this is most relevant for popula-
tions with extremely high BMI.

This study has some limitations. Almost one quarter of the patients
in the original dataset had to be excluded, mostly due to unavailable or
unusable CT images. Nevertheless, sex, age, and stage distributionwere
largely similar for in- and excluded patients, so we are confident that
excluding these patients did not affect our findings substantially. This
study consisted of data from three independent studies. The size of the
separate studies was too small to conduct separate analysis for the
different studies. However, Supplementary Table S2 shows that char-
acteristics are generally similar across cohorts, thus we are confident
that results are similar across cohorts and across the total cohort. As in
any observational study, we might miss data of unknown confounders

which could influence the observed associations and lead to residual
confounding.

Strengths of this study were the large study population and the
use of CT images to assess body composition. Furthermore, this is
the largest European study with information on body composition,
clinical factors, and personal factors thus far. Although earlier large-
scale studies in U.S./Canadian populations have been performed,
the differences in body composition (related to a generally lower
BMI in Europe; ref. 38) underline the necessity to study these
associations in European populations. Further studies, including
even more diverse populations, for example Asian or African
cohorts, could shed further light on associations between body
composition and colorectal cancer prognosis.

In conclusion, in this large-scale study among patients with
stage I–III colorectal cancer, lower abdominal SMI levels were
associated with higher mortality among men, but not among
women. Lower abdominal SAT levels were associated with higher
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Test for overall association P < 0.01. Test for nonlinearity P < 0.01.
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Test for overall association P = 0.02. Test for nonlinearity P < 0.01.
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Figure 5.

The association of subcutaneous adipose tissue and mortality among patients with colorectal cancer stratified into men (A) and women (B), adjusted for age and
stage of disease, radiotherapy, chemotherapy, skeletal muscle density, and SMI with three knots located at the 5th, 50th (reference), and 95th percentiles of the
distribution of SAT.
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overall mortality in both men and women. An association between
VAT and mortality was not observed. Our results show the utility
and importance of using splines to explore relationships of features
of body composition and mortality. Furthermore, our findings
underline the importance for more attention to sex-related differ-
ences in body composition and cancer outcomes.
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