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Abstract: Background: Obesity, defined by body mass index (BMI), measured at colorectal
cancer (CRC) diagnosis has been associated with postoperative complications and survival
outcomes. However, BMI does not allow for a differentiation between fat and muscle mass.
Computed tomography (CT)-defined body composition more accurately reflects different types of
tissue and their associations with health-related quality of life (HRQoL) during the first year of
disease, but this has not been investigated yet. We studied the role of visceral and subcutaneous fat
area (VFA and SFA) and skeletal muscle mass (SMM) on longitudinally assessed HRQoL in CRC

Nutrients 2020, 12, 1247; doi:10.3390/nu12051247 www.mdpi.com/journal/nutrients

http://www.mdpi.com/journal/nutrients
http://www.mdpi.com
https://orcid.org/0000-0003-4339-3492
https://orcid.org/0000-0002-6129-1572
https://orcid.org/0000-0002-7307-0291
https://orcid.org/0000-0001-7641-059X
http://dx.doi.org/10.3390/nu12051247
http://www.mdpi.com/journal/nutrients
https://www.mdpi.com/2072-6643/12/5/1247?type=check_update&version=2


Nutrients 2020, 12, 1247 2 of 14

patients. Methods: A total of 138 newly diagnosed CRC patients underwent CT scans at diagnosis
and completed questionnaires prior to and six and twelve months post-surgery. We investigated
the associations of VFA, SFA, and SMM with HRQoL at multiple time points. Results: A higher
VFA was associated with increased pain six and twelve months post-surgery (β = 0.06, p = 0.04
and β = 0.07, p = 0.01) and with worse social functioning six months post-surgery (β = −0.08,
p = 0.01). Higher SMM was associated with increased pain twelve months post-surgery (β = 1.03,
p < 0.01). Conclusions: CT-quantified body composition is associated with HRQoL scales post-surgery.
Intervention strategies targeting a reduction in VFA and maintaining SMM might improve HRQoL in
CRC patients during the first year post-surgery.

Keywords: visceral fat area; subcutaneous fat area; skeletal muscle mass; CT-quantified body
composition; health-related quality of life; colorectal cancer; prospective data

1. Introduction

Colorectal cancer is the second leading cause of cancer deaths worldwide [1]. Besides recurrence
and survival, health-related quality of life (HRQoL) is an important clinical outcome in cancer
patients [2]. As the number of colorectal cancer survivors grows steadily [3], addressing the causes
of low HRQoL is a top priority. Colorectal cancer survivors frequently report the deterioration of
physical functions, fatigue or bowel dysfunction due to the disease and its treatment, which can
severely impact patients’ HRQoL [2,4,5]. HRQoL, including physiological, psychological, and social
wellbeing [2], in colorectal cancer patients is threatened by health problems persisting for years
after diagnosis and treatment [6]; thus, there is a strong need for the early identification of patient
characteristics that determine patients’ HRQoL and to develop preventive and targeted intervention
strategies (e.g., nutritional support or individual exercise training) [7,8]. Recently, a comprehensive
literature review by Bours et al. provided an overview of biopsychological factors associated with
HRQoL among colorectal cancer patients [6]. Obesity was consistently reported to be associated with
worse HRQoL outcomes. Previous research showed that, in a period between six months and ten years
after diagnosis, a higher body mass index (BMI) or the presence of obesity was associated with lower
HRQoL in colorectal cancer survivors [9–11]. However, BMI does not allow for the differentiation
between fat and muscle mass. Distinguishing between different body compartments is required,
as (for example) muscle mass plays an important role in physical functions, whereas muscle depletion,
also termed sarcopenia, is pathophysiologically involved in aging, but also in metabolic syndromes,
fatty liver disease, cancer and various chronic diseases with increased mortality [12–16]. Moreover,
BMI is insufficient for differentiating between the pathophysiologically important distinction between
visceral and subcutaneous fat tissue [17]. Computed tomography (CT) imaging is routinely used as
part of the clinical management of cancer patients. CT-defined body composition more accurately
reflects different types of adipose tissue as well as muscle mass [18]. Previous studies using CT-based
body composition parameters revealed associations between visceral adiposity and increased rates
of postoperative complications, longer hospitalization, and impaired disease-free survival [19–23].
Moreover, skeletal muscle wasting was associated with increased therapy-induced toxicity and worse
recurrence-free and overall survival [24–26]. A recently published study reported that the occurrence
of major post-operative complications was associated with smaller total psoas muscle area and
volume [27]. Whether the above-described body composition parameters are also associated with
worse HRQoL before tumor resection and during the first year of disease has not yet been investigated.

The aims of the present study are (i) to describe patients’ body composition at diagnosis, (ii) to
investigate associations between body composition at the time of diagnosis and HRQoL at time prior
to tumor resection, and six and twelve months post-surgery, and (iii) to study associations between
body composition and longitudinal HRQoL during the period between tumor resection and twelve
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months post-surgery in colorectal cancer patients. We hypothesize that unfavorable CT-based body
composition at the time of diagnosis—in particular, high visceral fat area and low skeletal muscle mass
(SMM) at colorectal cancer diagnosis—can be associated with impaired HRQoL.

2. Materials and Methods

2.1. Study Participants

Data from the prospective ColoCare Study (ClinicalTrials.gov identifier: NCT02328677) were
used [28]. Eligible patients were newly diagnosed with a primary invasive colorectal cancer, 18 years
or over, stage I–IV, German-speaking, and able to provide informed consent. Patients were recruited
prior to tumor resection (baseline) at the Department of General, Visceral and Transplantation Surgery,
University of Heidelberg, Germany, between 2010 and 2014. Participants were staged according to the
American Joint Committee on Cancer (AJCC) system based on histopathologic findings. Colorectal
cancer patients who underwent a multidetector-CT with quantification of visceral and subcutaneous
fat area (VFA, SFA) and SMM and who fulfilled the European Organization for Research and Treatment
of Cancer Core Quality of Life Questionnaire (EORTC QLQ-C30) prior to tumor resection, as well as
six and twelve months post-surgery, were considered for analyses. Thus, a total of 138 patients were
included in the analyses. The ColoCare Study was approved by the ethics committee of the Medical
Faculty at the University of Heidelberg. All study participants provided written informed consent.

2.2. Data Collection

Details of medical and treatment factors were abstracted from patients’ medical records from the
Heidelberg University Hospital. Self-reported questionnaires were used to collect sociodemographic
data, alongside a set of multiple exposures among study participants as well as a variety of potential
risk factors, including lifestyle characteristics.

2.3. Patient Reported Health-Related Quality of Life

As reported previously, cancer-specific HRQoL outcomes were measured by the patient-reported,
validated core questionnaire QLQ-C30 [2], developed by the EORTC [29]. The EORTC QLQ-C30
includes one global health/quality of life (QoL) status, five functional scales (cognitive, emotional,
physical, role, and social), three symptom scales (fatigue, nausea and vomiting, and pain), and six
items reflecting symptoms and the financial impact of the disease [30]. All scales were transformed into
a range from zero to 100 using recommended scoring methods. Higher scores of the global health/QoL
status and functional scales indicate a better HRQoL. In contrast, higher symptom scores reflect a
greater intensity of symptoms and thus a worse HRQoL [2,29]. For the purpose of this study, six scores
and single items of the EORTC QLQ-C30 questionnaire were a priori selected (global health/QoL status,
physical functioning, role and social functioning, fatigue, and pain).

2.4. CT-Defined Body Composition Parameters

CT scan based densitometric quantification has been described in detail elsewhere [18]. Briefly,
area-based quantification of adipose tissue compartments was performed on the L3/4 spinal level
(volumetric quantification of selected slice, divided by slice thickness) using a semiautomatic software
tool (Syngo Volume tool, Siemens Healthcare, Munich, Berlin, Germany). Specific regions of interest
(ROI) were manually determined: total fat area (TFA) (whole abdominal circumference, Figure 1a) and
VFA (by defining the fascial plane of the abdominal muscle wall, Figure 1b). The limits of measurement
for selecting the specific fat area were −190 HU (Hounsfield units) to −30 HU. SFA was calculated by
subtracting VFA from TFA. On the same image slice, at the L3/4 spinal level, an ROI determining the
SMM (sum of M. psoas major, M. erector spinae, M. quadratus lumborum, M. latissimus dorsi, M. transversus
abdominis, M. obliquus internus abdominis and externus abdominis, and M. rectus abdominis; Figure 1c) was
measured by limiting the attenuation threshold between 40 HU and 100 HU (excluding muscle lipid
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content; thresholds were based on visual controls which were conducted as a plausibility test within
our study cohort) and normalized for height squared (see Figure 1) [13,18].
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Figure 1. Example of a computed tomography (CT)-scan with the area-based, densitometric
quantification of adipose tissue (threshold: −190 to −30 HU) measured at spinal level L3/4: regions of
interest (ROI) containing total fat area (TFA) (a) and visceral fat area (VFA) (b); and an example of the
densitometric quantification of muscle area, also measured at spinal level L 3/4 with an ROI containing
the muscle tissue of the abdominal, dorsal and psoas muscles (threshold: 40 to 100 HU) (SMM, (c).
Computed tomography (CT); Hounsfield units (HU); regions of interest (ROI); skeletal muscle mass
(SMM); total fat area (TFA), visceral fat area (VFA).

2.5. Statistical Analysis

Patients’ baseline characteristics are presented as the mean ± standard deviation or frequencies
and concurrent percentages. Kruskal–Wallis tests, t-tests and a one-way analysis of variance (ANOVA)
were applied for multiple group comparison. Spearman correlation coefficients were calculated to
assess the correlations between body composition parameters and HRQoL scales. Concurrently,
we used univariate regression models to determine the associations between body composition and
HRQoL parameters.

To investigate the associations between body composition measurements (VFA, SFA and SMM)
and longitudinal HRQoL, we used multivariate linear regression models adjusted for preselected
potential confounders: (i) at the baseline time point models were adjusted for age at diagnosis (years),
gender (female, male), BMI (kg/m2) at baseline, tumor stage (I to IV), tumor site (rectum, colon),
and neoadjuvant treatment (yes, no), (ii) at the six month follow-up, instead of neoadjuvant, we used
adjuvant treatment (yes, no) and adjusted for baseline HRQoL parameters and (iii) at the twelve month
follow-up, we additionally adjusted for the six-month HRQoL levels. We performed four different
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multivariate linear models; first, we used VFA, SFA and SMM as covariates within one model, and then
separately. In addition, we investigated multivariate linear models using BMI at baseline as a covariate,
to show whether the signals using VFA, SFA and SMM were stronger than for BMI.

Finally, ordinal multivariate logistic regression models were used to assess the associations between
body composition parameters and HRQoL changes. HRQoL changes were calculated by subtracting
baseline scores from six-month follow-up scores and baseline scores from twelve-month follow-up
scores. Differences were categorized into deterioration, clinically trivial change, and improvement
based on the evidence-based guidelines for interpreting change scores for the EORTC QLQ-C30,
with improvement as the lowest category [31]. Thus, an OR > 1 is interpreted as an “increased risk
of deterioration”, which corresponds to the worst outcome of a specific HRQoL score. Models were
adjusted in the same way as the linear models, except for six months, where we did not include
baseline HRQoL as a covariate. At twelve months, we performed the analysis without baseline HRQoL
scales. Furthermore, first, we included six-month HRQoL and second, excluded six-month HRQoL as
a covariate. All tests were two-sided, p-values below 0.05 were considered significant. All analyses
were performed using SAS 9.4 (SAS Institute, Cary, NC, USA).

3. Results

3.1. Participant Characteristics

In total, 387 eligible colorectal cancer patients were recruited between October 2010 and December
2014. A total of 38 patients died within the first year after enrolment. A total of 116 patients
were excluded from the current analysis for having incomplete or no CT-based body composition
quantification. Out of the retained 233 patients, 19 patients did not complete the EORTC QLQ-C30
parameters prior to surgery. Furthermore, 41 participants did not provide HRQoL information at
six months and an additional 35 did not provide HRQoL information at twelve months post-surgery.
Thus, the presented study included n = 138 colorectal patients with a mean age of 61.0 ± 11.5 years.
A total of 28.3% were female. The majority had a history of rectum cancer (63%), while 37% were
diagnosed with colon cancer. Non-participants had a higher mean age at diagnosis (64.3 ± 12.8) than
participating colorectal cancer patients included in the analyses. Furthermore, compared to included
patients, excluded patients were more likely to be female (differences >10%) and less often had rectum
cancer (differences >10%). No other characteristics distinguished the included and non-included
patients. Additional baseline patient characteristics are presented in Table 1.

Table 1. Baseline patient characteristics.

n = 138 Patients Included in Analyses

Age years (mean ± SD) 61.0 ± 11.5

Gender n (%)
Female 39 (28.3)
Male 99 (71.7)

Tumor site n (%)
Colon 51 (37.0)

Rectum 87 (63.0)

Tumor stage n (%)
I 28 (20.3)
II 52 (37.7)
III 37 (26.8)
IV 21 (15.2)

Neoadjuvant treatment n (%)
No 85 (61.6)
Yes 53 (38.4)
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Table 1. Cont.

n = 138 Patients Included in Analyses

Adjuvant treatment n (%)
No 69 (50.0)
Yes 69 (50.0)

BMI at baseline kg/m2 (mean ± SD)
Female 25.9 ± 4.9
Male 27.6 ± 3.8

VFA cm2 (mean ± SD)
Female 115.1 ± 76.3
Male 206.4 ± 102.9

SFA cm2 (mean ± SD)
Female 225.8 ± 109.4
Male 225.8 ± 103.8

SMM cm2/m2 (mean ± SD)
Female 23.1 ± 7.1
Male 27.8 ± 10.3

Standard deviation (SD), body mass index (BMI), visceral fat area (VFA), subcutaneous fat area (SFA), skeletal muscle
mass (SMM).

3.2. Body Composition

VFA was significantly higher in men compared to women (p < 0.001; (mean VFA in male 206.4 cm2;
115.1 cm2 in female)). Furthermore, SMM was significantly higher in men compared to women
(p < 0.01; (in females, SMM was 23.1 cm2/m2, compared to 27.8 cm2/m2 in male patients)). However,
we did not observe significant differences in BMI between women and men. Moreover, increased
age was positively correlated with VFA (rVFA = 0.42, p < 0.01), and inversely correlated with SMM
(rSMM = −0.49, p < 0.01). Age did not correlate with SFA and BMI, respectively. Also, there were
no significant differences in any body composition parameter across tumor sites and tumor stages,
respectively. Patients who underwent neoadjuvant treatment had significantly lower BMIs at baseline
compared to those who did not receive treatment before surgery (p = 0.03).

3.3. Associations of Adipose and Muscle Tissue with Health-Related Quality of Life

In univariate analyses, at baseline and six months post-surgery, SMM was positively correlated
with physical functioning (rSMM = 0.19, p = 0.02 and rSMM = 0.18, p = 0.04, respectively). At the
six-month follow-up, VFA was inversely correlated with social functioning (rVFA = −0.17, p = 0.04)
and SMM was inversely correlated with pain scores (rSMM = −0.19, p = 0.03). At twelve months
post-surgery, we observed an inverse correlation between VFA and physical functioning (rVFA = −0.18,
p = 0.03), see Table 2.

After adjusting for potential confounders, we did not observe any associations between
CT-quantified body composition parameters and any HRQoL scale at baseline. At the six-month
follow-up, after adjustment higher VFA continued to be associated with worse social functioning
(β = −0.08, p = 0.01). Moreover, at the six- and twelve-month follow-up, VFA was associated with
higher pain scores (β = 0.06, p = 0.04 and β = 0.07, p = 0.01). Additionally, at the twelve-month time
point, higher SMM was associated with increased pain (β = 1.03, p < 0.01), see Table 3.

In our independent analysis, using BMI at baseline as an independent covariate, we did not observe
any associations between BMI and HRQoL scales. In our multivariate ordinal logistic regression
models, all results were comparable to the initial models using linear regressions; see Table 4.
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Table 2. Correlation of VFA, SFA, SMM, and BMI with HRQoL scales.

Baseline (Prior to Surgery) 6 Months Post-Surgery 12 Months Post-Surgery

VFA SFA SMM BMI VFA SFA SMM BMI VFA SFA SMM BMI

Global health/QoL
r −0.002 −0.05 0.03 −0.08 −0.14 0.02 0.04 −0.08 −0.1 0.02 −0.08 −0.07

p-value 0.98 0.54 0.68 0.33 0.09 0.8 0.66 0.34 0.25 0.83 0.36 0.42

Physical functioning
r −0.06 0.03 0.19 −0.04 −0.14 −0.01 0.18 −0.05 −0.18 −0.01 0.13 −0.08

p-value 0.51 0.69 0.02 0.65 0.1 0.91 0.04 0.58 0.03 0.9 0.14 0.38

Role functioning
r −0.1 −0.04 0.07 −0.07 −0.09 0.04 0.04 −0.02 −0.1 −0.01 −0.06 −0.06

p-value 0.25 0.66 0.42 0.44 0.31 0.65 0.63 0.78 0.25 0.92 0.45 0.49

Social functioning
r 0.11 0.11 −0.06 0.08 −0.17 0.11 −0.11 −0.01 −0.14 −0.005 −0.05 −0.07

p-value 0.18 0.2 0.52 0.38 0.04 0.19 0.2 0.94 0.09 0.95 0.56 0.42

Fatigue
r 0.004 −0.03 −0.11 −0.03 0.13 −0.02 −0.1 0.003 0.1 −0.03 −0.03 0.04

p-value 0.96 0.72 0.2 0.7 0.13 0.83 0.22 0.96 0.24 0.72 0.74 0.68

Pain
r −0.06 −0.07 −0.08 −0.06 0.12 0.03 −0.19 0.07 0.1 0.15 0.1 0.12

p-value 0.5 0.4 0.36 0.48 0.16 0.7 0.03 0.44 0.24 0.08 0.24 0.17

Univariate analysis using Spearman correlation coefficients. Spearman correlation coefficients and p-values in italics indicate a statistically significant correlation between CT-based body
composition parameters and HRQoL scales. Health-related quality of life (HRQoL), quality of life (QoL), body mass index (BMI), visceral fat area (VFA), subcutaneous fat area (SFA),
skeletal muscle mass (SMM), Spearman correlation coefficient (r).
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Table 3. Multivariate analyses of associations of VFA, SFA, and SMM with HRQoL scales.

Baseline (Prior to Surgery) 6 Months Post-Surgery 12 Months Post-Surgery

VFA SFA SMM VFA SFA SMM VFA SFA SMM

Global health/QoL
β 0.005 −0.02 −0.19 −0.03 0.01 −0.03 −0.01 0.003 −0.02

p-value 0.84 0.47 0.5 0.23 0.45 0.89 0.72 0.85 0.93

Physical functioning
β −0.02 0.02 0.18 −0.03 0.001 0.18 −0.02 0.01 −0.05

p-value 0.49 0.32 0.44 0.17 0.95 0.41 0.17 0.28 0.75

Role functioning
β −0.005 −0.005 −0.27 −0.04 0.02 0.1 −0.02 0.005 −0.4

p-value 0.89 0.87 0.47 0.29 0.55 0.77 0.48 0.83 0.18

Social functioning
β 0.04 0.02 0.12 −0.08 0.02 −0.33 0.002 −0.03 −0.19

p-value 0.26 0.56 0.72 0.01 0.45 0.29 0.95 0.26 0.51

Fatigue
β 0.02 −0.02 −0.15 0.05 −0.01 −0.01 0.02 −0.02 −0.02

p-value 0.56 0.44 0.64 0.09 0.56 0.97 0.31 0.32 0.92

Pain
β −0.03 −0.02 −0.32 0.06 −0.002 −0.39 0.07 0.02 1.03

p-value 0.37 0.42 0.37 0.04 0.92 0.2 0.01 0.42 0.0006

Multivariate analysis using linear regression models. Italics indicate statistically significant associations between CT-based body composition parameters and HRQoL scales. For baseline
analyses, models were adjusted for age, gender, tumor stage, tumor site and neoadjuvant treatment. For six-month follow-up analyses, models were adjusted for age, gender, tumor stage,
tumor site, adjuvant treatment and baseline HRQoL scores. For twelve-month follow-up analyses, models were adjusted for age, gender, tumor stage, tumor site, adjuvant treatment,
and baseline and six-month HRQoL scores. Health-related quality of life (HRQoL), quality of life (QoL), visceral fat area (VFA), subcutaneous fat area (SFA), skeletal muscle mass (SMM),
estimate (β).
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Table 4. Multivariate analyses of associations of VFA, SFA, and SMM with HRQoL scales.

6 Months Post-Surgery 12 Months Post-Surgery

VFA SFA SMM VFA SFA SMM

Global health/QoL
OR (CI) 1.05 (0.86–1.28) 0.95 (0.78–1.11) 1.08 (0.70–1.69) 1.05 (0.86–1.35) 0.86 (0.70–1.00) 0.80 (0.51–1.24)
p-value 0.57 0.49 0.72 0.62 0.09 0.32

Physical functioning
OR (CI) 1.16 (0.95–1.49) 1.05 (0.86–1.22) 1.15 (0.74–1.81) 1.05 (0.82–1.28) 1.05 (0.86–1.28) 1.13 (0.72–1.77)
p-value 0.13 0.76 0.55 0.78 0.66 0.59

Role functioning
OR (CI) 1.11 (0.91–1.05) 0.95 (0.82–1.16) 1.16 (0.74–1.82) 1.11 (0.91–1.35) 1.00 (0.82–1.22) 1.23 (0.78–1.93)
p-value 0.28 0.77 0.52 0.39 0.95 0.37

Social functioning
OR (CI) 1.35 (1.05–1.65) 1.00 (0.82–1.22) 1.24 (0.79–1.99) 1.16 (0.95–1.42) 1.00 (0.82–1.22) 0.99 (0.64–1.54)
p-value 0.01 0.95 0.33 0.14 0.99 0.97

Fatigue
OR (CI) 1.05 (0.86–1.28) 0.95 (0.78–1.16) 1.04 (0.67–1.63) 1.16 (0.91–1.42) 0.91 (0.74–1.11) 1.06 (0.68–1.66)
p-value 0.61 0.61 0.85 0.24 0.25 0.8

Pain
OR (CI) 1.28 (1.05–1.65) 1.11 (0.91–1.28) 0.83 (0.54–1.29) 1.35 (1.11–1.65) 1.05 (0.91–1.28) 1.66 (1.06–2.67)
p-value 0.02 0.4 0.42 <0.01 0.45 0.03

Multivariate analysis using ordinal logistic regression models. Italics indicate statistically significant associations between CT-based body composition parameters and HRQoL scales.
Odds ratios and corresponding confidence intervals were scaled to reflect a change of 10 units (cm2/m2) for height-normalized values (SMM), and a change of 50 units (cm2) for
adipose tissue area L3/4 (VFA and SFA). For six-month follow-up analyses, comparing changes (improvement, clinically trivial changes, or deterioration) in HRQoL scales between six
months post-surgery and baseline, models were adjusted for age, gender, tumor stage, tumor site, and adjuvant treatment. For twelve month follow-up analyses, comparing changes
(improvement, clinically trivial changes, or deterioration) in HRQoL scales between twelve months post-surgery and baseline, models were adjusted for age, gender, tumor stage, tumor site,
adjuvant treatment, and six-month HRQoL scores. Health-related quality of life (HRQoL), quality of life (QoL), visceral fat area (VFA), subcutaneous fat area (SFA), skeletal muscle mass
(SMM), odds ratio (OR), confidence interval (CI).
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4. Discussion

We investigated the associations of CT-based body composition parameters, in particular visceral
fat area (VFA), subcutaneous fat area (SFA) and skeletal muscle mass (SMM) at diagnosis with
longitudinal HRQoL in colorectal cancer patients, describing the first year of disease. To our
knowledge, this is the first study investigating these associations in a prospective, longitudinal manner.
The multivariate results reported here provide a portrayal of associations between unfavorable body
composition factors and the global health/QoL status, social functioning, and clinical symptoms
affecting colorectal cancer patients after surgery [32].

A higher visceral fat amount at diagnosis was associated with higher pain scores at six and twelve
months after tumor resection. Our results support previous research data showing that visceral obesity
at colorectal cancer diagnosis was associated with a higher rate of post-operative complications, such as
wound infection [19] and increased dose-limiting toxicity [24], and that post-operative complications
were associated with worse HRQoL [33]. At six months post-surgery, greater amounts of visceral fat
were associated with deteriorated social functioning. Additionally, in our cohort, pain was highly
correlated with worse social functioning (data not shown). Worse pain scores and associated visceral
obesity may limit patients’ ability to participate in valued activities such as hobbies or physical
activity [34], which, in turn, may affect social QoL. Our data show that the amount of VFA was higher
in male and older patients, which is in line with other cancer cohorts [35].

Similar findings regarding the importance of body composition in cancer outcomes have also
been shown in other cancer studies. Recently, Aleixo et al. reported that poor body composition
with high visceral adipose tissue and lower muscle tissue and density is associated with physical
function which, in turn, may affect treatment tolerability and other cancer outcomes among women
with early stage breast cancer [36]. Moreover, Sheean and colleagues showed that obese women with
estrogen receptor-positive metastatic breast cancer had significantly higher levels of abdominal obesity
and serum biomarkers of inflammation, with a lower quality of life compared to women without
obesity [37].

Study results from Swisher et al. and Gudmundsson et al. in breast cancer and different types of
cancer survivors, respectively, underlined the importance of exercise, fitness and dietary counseling,
which led to a loss of body fat and an improved quality of life in cancer patients [38,39].

Interestingly, and in contrast to our hypotheses, patients with higher SMM at diagnosis suffered
more from pain one year after tumor resection. One explanation for this observation might be that,
during the first year of disease, patients experienced a rapid loss of muscle mass, (cancer-associated
sarcopenia [40]), which might occur especially in patients with more muscle mass at diagnosis.

The findings outlined above suggest that visceral obesity at the time of diagnosis may unfavorably
and selectively affect patients’ HRQoL during the first year after tumor resection for colorectal cancers.
Moreover, these findings may have implications for healthcare practitioners who work with male and
older colorectal cancer patients. In this context, the prevention of an unfavorable body composition,
e.g., via nutritional intervention and physical exercise, particularly resistance training, may potentially
improve patients’ HRQoL.

The strengths of this study are its longitudinal design with repeated measurements of HRQoL
during the first year after tumor resection. To date, this is the first prospective investigation into the
associations between CT-based body composition and longitudinal (short-term) HRQoL in colorectal
cancer patients. Previous studies reported that colorectal cancer survivors experience clinically
relevant detriments in HRQoL even ten years after diagnosis [41,42] and early identification of patient
characteristics that determine patients’ short-term HRQoL are needed. Our study results show
that colorectal cancer patients with unfavorable body composition at diagnosis experience lower
HRQoL during the first year of disease and this provides important implications for clinical practice.
These patients may have a particular need for interventions to reduce visceral fat. Another important
strength of our study is the use of CT images to define body composition. CT-based body composition
analysis enables us to accurately and precisely determine fat and muscle tissue at colorectal cancer
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diagnosis. Moreover, CT imaging is established as a routinely diagnostic procedure in cancer patients
and no further measurements of body composition are needed, which means no further testing exposure
and no additional burdens for patients. Furthermore, we used a standardized and well-established
cancer-specific HRQoL instrument, which allows for a comparison to be made with other cohorts
and research.

This study is subject to the following limitations: we only included patients with existing CT
scans in this study. Therefore, patients without CT scans (patients with magnetic resonance imaging or
low-stage patients who did not receive any routine imaging) are underrepresented. We did not perform
any further CT scans for study purposes due to radiation protection. We measured muscle tissue
using a threshold limit of 40 to 100 HU to selectively obtain the dense and functional relevant parts of
muscle tissue without fatty infiltration. In the literature, a wider threshold (−29 to 150 HU) is given to
measure the total muscle tissue [12,43]; thus, our results on muscle tissue are limited in comparison to
other studies. However, a within-cohort comparison is still given. Furthermore, although our study is
a large prospective investigation, some results might suffer from limited statistical power. Since no
correction for multiple testing was performed on our data, we cannot rule out that some of the results
are false positives. Moreover, possible selection bias can arise, as we cannot rule out that patients who
experienced worse HRQoL did not participate or complete questionnaires at follow-up time points
and thus are underrepresented in our study. Another limitation of our study is the lack of follow-up
CT scans and thus a lack of the availability of body composition measures one year after diagnosis in
order to describe potential changes in adipose tissue and muscle mass over time.

5. Conclusions

Patients with high amounts of visceral fat at diagnosis exhibited worse scores for social functioning
and deteriorated pain after surgery, independent of treatment. Additionally, patients with higher
skeletal muscle mass at diagnosis suffered more from more pain one year after surgery. This might
reflect a rapid loss of muscle mass (cancer-associated sarcopenia) occurring in and especially affecting
patients with more muscle mass at diagnosis. Our results suggest that intervention strategies targeting
visceral fat and muscle mass might improve the health-related quality of life in colorectal cancer
patients during the first year after surgery.
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Subcutaneous Fat Area; SD: Standard Deviation; SMM: Skeletal Muscle Mass; VFA: Visceral Fat Area.

References

1. Ferlay, J.; Colombet, M.; Soerjomataram, I.; Mathers, C.; Parkin, D.M.; Pineros, M.; Znaor, A.; Bray, F. Estimating
the global cancer incidence and mortality in 2018: GLOBOCAN sources and methods. Int. J. Cancer 2019, 144,
1941–1953. [CrossRef] [PubMed]

2. Gigic, B.; Boeing, H.; Toth, R.; Bohm, J.; Habermann, N.; Scherer, D.; Schrotz-King, P.; Abbenhardt-Martin, C.;
Skender, S.; Brenner, H.; et al. Associations Between Dietary Patterns and Longitudinal Quality of Life
Changes in Colorectal Cancer Patients: The ColoCare Study. Nutr. Cancer 2017, 1–10. [CrossRef] [PubMed]

3. Miller, K.D.; Siegel, R.L.; Lin, C.C.; Mariotto, A.B.; Kramer, J.L.; Rowland, J.H.; Stein, K.D.; Alteri, R.; Jemal, A.
Cancer treatment and survivorship statistics, 2016. CA Cancer J. Clin. 2016, 66, 271–289. [CrossRef] [PubMed]

4. Arndt, V.; Merx, H.; Stegmaier, C.; Ziegler, H.; Brenner, H. Quality of life in patients with colorectal cancer
1 year after diagnosis compared with the general population: A population-based study. J. Clin. Oncol.
2004, 22, 4829–4836. [CrossRef]

5. Van Roekel, E.H.; Bours, M.J.L.; Te Molder, M.E.M.; Breedveld-Peters, J.J.L.; Olde Damink, S.W.M.;
Schouten, L.J.; Sanduleanu, S.; Beets, G.L.; Weijenberg, M.P. Associations of adipose and muscle tissue
parameters at colorectal cancer diagnosis with long-term health-related quality of life. Qual. Life Res. 2017, 26,
1745–1759. [CrossRef]

6. Bours, M.J.; van der Linden, B.W.; Winkels, R.M.; van Duijnhoven, F.J.; Mols, F.; van Roekel, E.H.; Kampman, E.;
Beijer, S.; Weijenberg, M.P. Candidate Predictors of Health-Related Quality of Life of Colorectal Cancer
Survivors: A Systematic Review. Oncologist 2016, 21, 433–452. [CrossRef]

7. Aapro, M.; Arends, J.; Bozzetti, F.; Fearon, K.; Grunberg, S.M.; Herrstedt, J.; Hopkinson, J.; Jacquelin-Ravel, N.;
Jatoi, A.; Kaasa, S.; et al. Early recognition of malnutrition and cachexia in the cancer patient: A position
paper of a European School of Oncology Task Force. Ann. Oncol. 2014, 25, 1492–1499. [CrossRef]

8. Moran, J.; Guinan, E.; McCormick, P.; Larkin, J.; Mockler, D.; Hussey, J.; Moriarty, J.; Wilson, F. The ability of
prehabilitation to influence postoperative outcome after intra-abdominal operation: A systematic review
and meta-analysis. Surgery 2016, 160, 1189–1201. [CrossRef]

9. Steginga, S.K.; Lynch, B.M.; Hawkes, A.; Dunn, J.; Aitken, J. Antecedents of domain-specific quality of life
after colorectal cancer. Psychooncology 2009, 18, 216–220. [CrossRef]

10. Blanchard, C.M.; Stein, K.; Courneya, K.S. Body mass index, physical activity, and health-related quality of
life in cancer survivors. Med. Sci. Sports Exerc. 2010, 42, 665–671. [CrossRef]

11. Schlesinger, S.; Walter, J.; Hampe, J.; von Schonfels, W.; Hinz, S.; Kuchler, T.; Jacobs, G.; Schafmayer, C.;
Nothlings, U. Lifestyle factors and health-related quality of life in colorectal cancer survivors. Cancer Causes
Control. 2014, 25, 99–110. [CrossRef] [PubMed]

12. Martin, L.; Birdsell, L.; Macdonald, N.; Reiman, T.; Clandinin, M.T.; McCargar, L.J.; Murphy, R.; Ghosh, S.;
Sawyer, M.B.; Baracos, V.E. Cancer cachexia in the age of obesity: Skeletal muscle depletion is a powerful
prognostic factor, independent of body mass index. J. Clin. Oncol. 2013, 31, 1539–1547. [CrossRef]

13. Goodpaster, B.H.; Kelley, D.E.; Thaete, F.L.; He, J.; Ross, R. Skeletal muscle attenuation determined by
computed tomography is associated with skeletal muscle lipid content. J. Appl. Physiol. (1985) 2000, 89,
104–110. [CrossRef] [PubMed]

14. Wang, C.; Bai, L. Sarcopenia in the elderly: Basic and clinical issues. Geriatr. Gerontol. Int. 2012, 12, 388–396.
[CrossRef] [PubMed]

15. Hong, H.C.; Hwang, S.Y.; Choi, H.Y.; Yoo, H.J.; Seo, J.A.; Kim, S.G.; Kim, N.H.; Baik, S.H.; Choi, D.S.;
Choi, K.M. Relationship between sarcopenia and nonalcoholic fatty liver disease: The Korean Sarcopenic
Obesity Study. Hepatology 2014, 59, 1772–1778. [CrossRef]

16. Toth, M.J.; Ades, P.A.; Tischler, M.D.; Tracy, R.P.; LeWinter, M.M. Immune activation is associated with
reduced skeletal muscle mass and physical function in chronic heart failure. Int. J. Cardiol. 2006, 109, 179–187.
[CrossRef]

http://dx.doi.org/10.1002/ijc.31937
http://www.ncbi.nlm.nih.gov/pubmed/30350310
http://dx.doi.org/10.1080/01635581.2018.1397707
http://www.ncbi.nlm.nih.gov/pubmed/29244538
http://dx.doi.org/10.3322/caac.21349
http://www.ncbi.nlm.nih.gov/pubmed/27253694
http://dx.doi.org/10.1200/JCO.2004.02.018
http://dx.doi.org/10.1007/s11136-017-1539-z
http://dx.doi.org/10.1634/theoncologist.2015-0258
http://dx.doi.org/10.1093/annonc/mdu085
http://dx.doi.org/10.1016/j.surg.2016.05.014
http://dx.doi.org/10.1002/pon.1388
http://dx.doi.org/10.1249/MSS.0b013e3181bdc685
http://dx.doi.org/10.1007/s10552-013-0313-y
http://www.ncbi.nlm.nih.gov/pubmed/24158780
http://dx.doi.org/10.1200/JCO.2012.45.2722
http://dx.doi.org/10.1152/jappl.2000.89.1.104
http://www.ncbi.nlm.nih.gov/pubmed/10904041
http://dx.doi.org/10.1111/j.1447-0594.2012.00851.x
http://www.ncbi.nlm.nih.gov/pubmed/22530761
http://dx.doi.org/10.1002/hep.26716
http://dx.doi.org/10.1016/j.ijcard.2005.06.006


Nutrients 2020, 12, 1247 13 of 14

17. Prado, C.M.; Heymsfield, S.B. Lean tissue imaging: A new era for nutritional assessment and intervention.
JPEN J. Parenter Enteral. Nutr. 2014, 38, 940–953. [CrossRef]

18. Nattenmueller, J.; Hoegenauer, H.; Boehm, J.; Scherer, D.; Paskow, M.; Gigic, B.; Schrotz-King, P.; Grenacher, L.;
Ulrich, C.; Kauczor, H.U. CT-based compartmental quantification of adipose tissue versus body metrics in
colorectal cancer patients. Eur. Radiol. 2016, 26, 4131–4140. [CrossRef]

19. Tsujinaka, S.; Konishi, F.; Kawamura, Y.J.; Saito, M.; Tajima, N.; Tanaka, O.; Lefor, A.T. Visceral obesity
predicts surgical outcomes after laparoscopic colectomy for sigmoid colon cancer. Dis. Colon Rectum 2008, 51,
1757–1765, discussion 1765–1757. [CrossRef]

20. Rickles, A.S.; Iannuzzi, J.C.; Mironov, O.; Deeb, A.P.; Sharma, A.; Fleming, F.J.; Monson, J.R. Visceral obesity
and colorectal cancer: Are we missing the boat with BMI? J. Gastrointest. Surg. 2013, 17, 133–143, discussion
p. 143. [CrossRef]

21. Watanabe, J.; Tatsumi, K.; Ota, M.; Suwa, Y.; Suzuki, S.; Watanabe, A.; Ishibe, A.; Watanabe, K.; Akiyama, H.;
Ichikawa, Y.; et al. The impact of visceral obesity on surgical outcomes of laparoscopic surgery for colon
cancer. Int. J. Colorectal Dis. 2014, 29, 343–351. [CrossRef] [PubMed]

22. Moon, H.G.; Ju, Y.T.; Jeong, C.Y.; Jung, E.J.; Lee, Y.J.; Hong, S.C.; Ha, W.S.; Park, S.T.; Choi, S.K. Visceral obesity
may affect oncologic outcome in patients with colorectal cancer. Ann. Surg. Oncol. 2008, 15, 1918–1922.
[CrossRef] [PubMed]

23. Clark, W.; Siegel, E.M.; Chen, Y.A.; Zhao, X.; Parsons, C.M.; Hernandez, J.M.; Weber, J.; Thareja, S.; Choi, J.;
Shibata, D. Quantitative measures of visceral adiposity and body mass index in predicting rectal cancer
outcomes after neoadjuvant chemoradiation. J. Am. Coll. Surg. 2013, 216, 1070–1081. [CrossRef] [PubMed]

24. Prado, C.M.; Baracos, V.E.; McCargar, L.J.; Mourtzakis, M.; Mulder, K.E.; Reiman, T.; Butts, C.A.; Scarfe, A.G.;
Sawyer, M.B. Body composition as an independent determinant of 5-fluorouracil-based chemotherapy
toxicity. Clin. Cancer Res. 2007, 13, 3264–3268. [CrossRef]

25. Miyamoto, Y.; Baba, Y.; Sakamoto, Y.; Ohuchi, M.; Tokunaga, R.; Kurashige, J.; Hiyoshi, Y.; Iwagami, S.;
Yoshida, N.; Yoshida, M.; et al. Sarcopenia is a Negative Prognostic Factor After Curative Resection of
Colorectal Cancer. Ann. Surg. Oncol. 2015, 22, 2663–2668. [CrossRef]

26. Prado, C.M.; Lieffers, J.R.; McCargar, L.J.; Reiman, T.; Sawyer, M.B.; Martin, L.; Baracos, V.E. Prevalence and
clinical implications of sarcopenic obesity in patients with solid tumours of the respiratory and gastrointestinal
tracts: A population-based study. Lancet Oncol. 2008, 9, 629–635. [CrossRef]

27. Womer, A.L.; Brady, J.T.; Kalisz, K.; Patel, N.D.; Paspulati, R.M.; Reynolds, H.L.; Pawlik, T.M.; Steele, S.R.
Do psoas muscle area and volume correlate with postoperative complications in patients undergoing rectal
cancer resection? Am. J. Surg. 2017. [CrossRef]

28. Ulrich, C.M.; Gigic, B.; Bohm, J.; Ose, J.; Viskochil, R.; Schneider, M.; Colditz, G.A.; Figueiredo, J.C.;
Grady, W.M.; Li, C.I.; et al. The ColoCare Study: A Paradigm of Transdisciplinary Science in Colorectal
Cancer Outcomes. Cancer Epidemiol. Biomark. Prev. 2019, 28, 591–601. [CrossRef]

29. Aaronson, N.K.; Ahmedzai, S.; Bergman, B.; Bullinger, M.; Cull, A.; Duez, N.J.; Filiberti, A.; Flechtner, H.;
Fleishman, S.B.; de Haes, J.C.; et al. The European Organization for Research and Treatment of Cancer
QLQ-C30: A quality-of-life instrument for use in international clinical trials in oncology. J. Natl. Cancer Inst.
1993, 85, 365–376. [CrossRef]

30. Ravasco, P.; Monteiro-Grillo, I.; Vidal, P.M.; Camilo, M.E. Cancer: Disease and nutrition are key determinants
of patients’ quality of life. Support. Care Cancer 2004, 12, 246–252. [CrossRef]

31. Cocks, K.; King, M.T.; Velikova, G.; de Castro, G., Jr.; Martyn St-James, M.; Fayers, P.M.; Brown, J.M.
Evidence-based guidelines for interpreting change scores for the European Organisation for the Research
and Treatment of Cancer Quality of Life Questionnaire Core 30. Eur. J. Cancer 2012, 48, 1713–1721. [CrossRef]
[PubMed]

32. Koo, H.Y.; Park, K.J.; Oh, J.H.; Kang, S.B.; Oh, S.T.; Lee, W.Y. Investigation of clinical manifestations in korean
colorectal cancer patients. Ann. Coloproctol. 2013, 29, 139–143. [CrossRef]

33. Anthony, T.; Long, J.; Hynan, L.S.; Sarosi, G.A., Jr.; Nwariaku, F.; Huth, J.; Jones, C.; Parker, B.J.; Rege, R.
Surgical complications exert a lasting effect on disease-specific health-related quality of life for patients with
colorectal cancer. Surgery 2003, 134, 119–125. [CrossRef] [PubMed]

34. Deimling, G.T.; Sterns, S.; Bowman, K.F.; Kahana, B. Functioning and activity participation restrictions
among older adult, long-term cancer survivors. Cancer Investig. 2007, 25, 106–116. [CrossRef] [PubMed]

http://dx.doi.org/10.1177/0148607114550189
http://dx.doi.org/10.1007/s00330-016-4231-8
http://dx.doi.org/10.1007/s10350-008-9395-0
http://dx.doi.org/10.1007/s11605-012-2045-9
http://dx.doi.org/10.1007/s00384-013-1803-9
http://www.ncbi.nlm.nih.gov/pubmed/24297037
http://dx.doi.org/10.1245/s10434-008-9891-4
http://www.ncbi.nlm.nih.gov/pubmed/18392660
http://dx.doi.org/10.1016/j.jamcollsurg.2013.01.007
http://www.ncbi.nlm.nih.gov/pubmed/23523147
http://dx.doi.org/10.1158/1078-0432.CCR-06-3067
http://dx.doi.org/10.1245/s10434-014-4281-6
http://dx.doi.org/10.1016/S1470-2045(08)70153-0
http://dx.doi.org/10.1016/j.amjsurg.2017.10.052
http://dx.doi.org/10.1158/1055-9965.EPI-18-0773
http://dx.doi.org/10.1093/jnci/85.5.365
http://dx.doi.org/10.1007/s00520-003-0568-z
http://dx.doi.org/10.1016/j.ejca.2012.02.059
http://www.ncbi.nlm.nih.gov/pubmed/22418017
http://dx.doi.org/10.3393/ac.2013.29.4.139
http://dx.doi.org/10.1067/msy.2003.212
http://www.ncbi.nlm.nih.gov/pubmed/12947307
http://dx.doi.org/10.1080/07357900701224813
http://www.ncbi.nlm.nih.gov/pubmed/17453822


Nutrients 2020, 12, 1247 14 of 14

35. Nattenmuller, J.; Wochner, R.; Muley, T.; Steins, M.; Hummler, S.; Teucher, B.; Wiskemann, J.; Kauczor, H.U.;
Wielputz, M.O.; Heussel, C.P. Prognostic Impact of CT-Quantified Muscle and Fat Distribution before and
after First-Line-Chemotherapy in Lung Cancer Patients. PLoS ONE 2017, 12, e0169136. [CrossRef] [PubMed]

36. Aleixo, G.F.P.; Deal, A.M.; Nyrop, K.A.; Muss, H.B.; Damone, E.M.; Williams, G.R.; Yu, H.; Shachar, S.S.
Association of body composition with function in women with early breast cancer. Breast Cancer Res. Treat.
2020. [CrossRef]

37. Sheean, P.; Gomez-Perez, S.; Joyce, C.; Vasilopoulos, V.; Bartolotta, M.B.; Robinson, P.; Lo, S.; Lomasney, L.
Body Composition, Serum Biomarkers of Inflammation and Quality of Life in Clinically Stable Women with
Estrogen Receptor Positive Metastatic Breast Cancer. Nutr. Cancer 2019, 71, 981–991. [CrossRef]

38. Swisher, A.K.; Abraham, J.; Bonner, D.; Gilleland, D.; Hobbs, G.; Kurian, S.; Yanosik, M.A.; Vona-Davis, L.
Exercise and dietary advice intervention for survivors of triple-negative breast cancer: Effects on body fat,
physical function, quality of life, and adipokine profile. Support. Care Cancer 2015, 23, 2995–3003. [CrossRef]

39. Gudmundsson, G.H.; Johannsson, E. Fitness, body composition and quality of life following cancer treatment.
Laeknabladid 2020, 106, 179–185. [CrossRef]

40. Cohen, S.; Nathan, J.A.; Goldberg, A.L. Muscle wasting in disease: Molecular mechanisms and promising
therapies. Nat. Rev. Drug Discov. 2015, 14, 58–74. [CrossRef]

41. Jansen, L.; Herrmann, A.; Stegmaier, C.; Singer, S.; Brenner, H.; Arndt, V. Health-related quality of life during
the 10 years after diagnosis of colorectal cancer: A population-based study. J. Clin. Oncol. 2011, 29, 3263–3269.
[CrossRef] [PubMed]

42. Jansen, L.; Hoffmeister, M.; Chang-Claude, J.; Koch, M.; Brenner, H.; Arndt, V. Age-specific administration of
chemotherapy and long-term quality of life in stage II and III colorectal cancer patients: A population-based
prospective cohort. Oncologist 2011, 16, 1741–1751. [CrossRef] [PubMed]

43. Aubrey, J.; Esfandiari, N.; Baracos, V.E.; Buteau, F.A.; Frenette, J.; Putman, C.T.; Mazurak, V.C. Measurement
of skeletal muscle radiation attenuation and basis of its biological variation. Acta Physiol. 2014, 210, 489–497.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1371/journal.pone.0169136
http://www.ncbi.nlm.nih.gov/pubmed/28107410
http://dx.doi.org/10.1007/s10549-020-05624-3
http://dx.doi.org/10.1080/01635581.2019.1595053
http://dx.doi.org/10.1007/s00520-015-2667-z
http://dx.doi.org/10.17992/lbl.2020.04.575
http://dx.doi.org/10.1038/nrd4467
http://dx.doi.org/10.1200/JCO.2010.31.4013
http://www.ncbi.nlm.nih.gov/pubmed/21768465
http://dx.doi.org/10.1634/theoncologist.2011-0124
http://www.ncbi.nlm.nih.gov/pubmed/22101506
http://dx.doi.org/10.1111/apha.12224
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	The role of CT-quantified body composition on longitudinal health-related quality of life in colorectal cancer patients: The Colocare Study
	Please let us know how this document benefits you.
	Recommended Citation

	Introduction 
	Materials and Methods 
	Study Participants 
	Data Collection 
	Patient Reported Health-Related Quality of Life 
	CT-Defined Body Composition Parameters 
	Statistical Analysis 

	Results 
	Participant Characteristics 
	Body Composition 
	Associations of Adipose and Muscle Tissue with Health-Related Quality of Life 

	Discussion 
	Conclusions 
	References

