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Abstract
Background:We aimed to evaluate the agreement between computed tomography (CT) and surrogate methods applied in clinical
practice for the assessment of low muscle mass. In addition, we assessed the association between different muscle-assessment
methods and nutrition status, as well as the prognostic value of lowmusclemass on survival in patients with colorectal cancer (CRC).
Methods: This is a cohort including 188 CRC patients with 17 months’ follow-up (interquartile range: 12–23 months) for mortality.
Low muscle mass was evaluated by corrected mid-upper arm muscle area (AMAc) and calf circumference, skeletal muscle mass
by bioelectrical impedance analysis (BIA), muscle deficit by physical examination with the Patient-Generated Subjective Global
Assessment (PG-SGA), and lumbar muscle cross-sectional area by CT (reference method). Results: The prevalence of low muscle
mass ranged from 9.6% to 54.3% according to the method used. The physical examination had the highest κ coefficient compared
withCT. Lowmuscularity was associatedwith the presence of malnutrition, lower body fat, and low phase angle. TheCox regression
models—adjusted for age, sex, and treatment 3 months before study inclusion—showed that severe muscle loss measured by BIA
and CT and lowmuscle mass measured by PG-SGA predicted higher mortality rates.Conclusions:Compared with CT, the physical
examination had the best agreement to assess low muscle mass. Low muscle mass assessed by PG-SGA, BIA, and CT showed
similar prognostic values for survival. (JPEN J Parenter Enteral Nutr. 2020;44:1328–1337)

Clinical Relevancy Statement

Low muscle mass is highly prevalent in patients with cancer
and should be evaluated in clinical practice by methods that
enable adequate assessment. Computed tomography (CT)
is a gold-standard method that has been opportunistically
used to assess muscle mass. In this study, we showed that
the physical examination to assess muscle mass, which can
be easily used in hospitalized and outpatients, had the
best agreement with CT. In addition, low muscle mass as-
sessed by Patient-Generated Subjective Global Assessment,
bioelectrical impedance analysis, and CT showed similar
prognostic values. Our results emphasize the importance
of screening for low muscle mass and shows that physical
examination is a feasible option to be used for this end in
clinical practice.

Introduction

Low muscle mass is a common feature of patients with
cancer, with an estimated prevalence varying from 5% to
89% depending on the method and cutoff applied.1,2 The
etiology of low muscle mass in patients with cancer is mul-
tifactorial and is mainly caused by a negative energy balance
due to an inhibition of protein synthesis and an increase of

protein degradation.3 The factors contributing to a negative
energy balance in patients with cancer include tumor-related
mechanisms, host response to tumor, anticancer treatment,
reduced protein intake, and physical inactivity.3 Of note, as
shown in recent studies in patients with cancer, low muscle
mass can also be present in overweight and obese people
(sarcopenic obesity),4-7 and it is associated with shorter
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survival, chemotherapy toxicity, tumor progression, adverse
postoperative outcomes, and poor quality of life.4-6,8-10

Although muscle-mass assessment appears to be manda-
tory for patients with cancer, it is not routinely performed.
Among the suitable methods for muscle-mass assessment
in clinical practice, the anthropometric measurements and
bioelectrical impedance analysis (BIA) stand out because
of characteristics such as being portable, noninvasive, and
inexpensive. However, these methods have limited applica-
bility in obese patients and in individuals with edema.11 Sim-
ilarly, the Patient-Generated Subjective Global Assessment
(PG-SGA) is another method currently applied to assess
nutrition status in patients with cancer.12 As the PG-SGA
includes the assessment of muscle deficit by physical exam, it
could be implemented in the clinical setting to assess muscle
mass in these patients.

In parallel, computed tomography (CT) is considered a
gold-standard method for evaluating body composition.13

Recently, the level of the third lumbar vertebra (L3) from
CT scan has been validated as the standard landmark
to assess body composition in patients with cancer14 and
has been used to assess muscle mass in some studies in
oncological and non-oncological individuals.15-18 Although
the CT scan of the abdomen includes the scan of the
L3 and is routinely used for diagnosis and follow-up in
colorectal cancer (CRC) patients, its high cost, the need
for training, and the exposure to radiation dose limit the
use of CT to research purposes. Of note, the revised
sarcopenia consensus from the European Working Group
on Sarcopenia in Older People (EWGSOP)19 recommended
the use of CT from L3 for the assessment of muscle
mass. Therefore, considering the importance of assessing
muscle mass in patients with cancer, we aimed to evaluate
the agreement, sensitivity, and specificity between CT and
surrogate methods applied in the clinical setting to diagnose
low muscle mass in a sample of patients with CRC; to
explore the association between differentmuscle-assessment
methods for the diagnosis of lowmuscle mass with nutrition
status and body composition; and to test which method has
the best prognostic value to predict overall survival.

Materials and Methods

Subjects and Study Design

This study included patients with CRC recruited between
April 2015 and June 2016 at the outpatient clinic of the
Cancer Hospital Unit I of the National Cancer Institute
José Alencar Gomes da Silva (INCA, Rio de Janeiro,
Brazil). Those who met eligibility criteria and were sched-
uled for abdominal CT scan at the L3 region as part of
routine care were invited to participate. Inclusion criteria
comprised age higher than 18 years and Eastern Coopera-
tive Oncology Group performance status below 3. Subjects

with physical deformity unable to carry out physical tests,
pacemaker, congestive heart failure, chronic kidney disease,
liver cirrhosis, anal canal cancer, synchronous CRC, or
>1 cancer type were not included in the study. From 204
patients initially invited to participate in the study, 188 were
eligible to participate (Figure 1). The study was approved
by the local Research Ethical Committee (protocol number
38992014.5.0000.5274), and written informed consent was
obtained from each subject before inclusion. The study
adhered to the Declaration of Helsinki.

Study Protocol

After consenting to participate, patients received
instructions to fast for 6 hours before the CT scan
(water-soluble oral contrast and medication were allowed).
Before the CT scan, all participants had the PG-SGA,
anthropometric measurements, BIA, and muscle function
assessed by the same trained dietitian. Blood samples were
then scheduled to be collected under fasting conditions not
later than 30 days after the CT scan. Clinical data were
collected from medical records such as age, sex, previous
and current treatment, comorbidities, performance status,
tumor site, and stage. When all patients concluded the CT
scan, the same trained dietitian analyzed the CT images
over a period of 3 months to minimize intra-observer bias.

Muscle-Mass Assessment

Five muscle-assessment methods were used to diagnose low
muscle mass according to the cutoffs shown in Table 1. The
measurements tested were corrected mid-upper arm muscle
area (AMAc), calf circumference, and skeletal muscle mass
(SMM) from BIA;20 physical examination of muscle mass
deficit from PG-SGA; and muscle cross-sectional area from
CT scans. For SMM assessed by BIA and CT, 2 degrees of
severity, moderate and severe muscle loss, were evaluated
(Table 1). Patients were then classified as low–muscle-mass
group and adequate–muscle-mass group.

Corrected mid-upper arm muscle area. AMAc was calcu-
lated according to the equation AMAc (cm2) = (mid-upper
arm circumference [cm]− 0.314× triceps skinfold thickness
[mm])2/4π , corrected by sex (−10 for men and −6.5 for
women, respectively).25 Mid-upper arm circumference was
measured at the midpoint of the nondominant upper arm
between the acromion process and the olecranon process.
The triceps skinfold thickness was measured at the same
point using a Lange caliper (Cambridge Scientific Indus-
tries, Inc).

Calf circumference. Calf circumference was measured with
the subject in the sitting position, feet 20 cm apart, on the
right side at the point of greatest circumference.
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Figure 1. Flow chart of study inclusion and exclusion. AMAc, corrected mid-upper arm muscle circumference; BIA, bioelectrical
impedance analysis; CT, computed tomography; PG-SGA, Patient-Generated Subjective Global Assessment.

Table 1. Low Muscle Mass According to Different Methods and Cutoffs.

Methods Cutoff Reference

AMAc
Male <21.4 cm2 21

Female <21.6 cm2

Calf circumference
Male <34 cm 22

Female <33 cm
SMI—BIA

Male: moderate/severe >8.50 � 10.75/�8.50 kg/m2 23

Female: moderate/severe >5.75 � 6.75/�5.75 kg/m2

MM PG-SGA Muscle mass deficit: +1, +2, or +3 12

SMI—CT
Male: moderate/severe >41.6 � 44.7/�41.6 cm2/m2 24

Female: moderate/severe >32 � 32.8/�32 cm2/m2

Cutoff values of muscle mass at L3 level for CT scans are based on SMI 10th percentile for moderate muscle loss and SMI fifth percentile for
severe muscle loss values from healthy Caucasian population.24

AMAc, corrected mid-upper arm muscle circumference; BIA, bioelectrical impedance analysis; CT, computed tomography; L3, third lumbar
vertebra; MM PG-SGA, muscle mass assessed by Patient-Generated Subjective Global Assessment; SMI, skeletal muscle index.

BIA for SMM. BIA was determined using the Janssen
equation20: SMM (kg) = (([height centimeter]2/resistance
× 0.401) + (sex [0 for female and 1 for male] × 3.825) +
(age years × [−0.071])) + 5.102. A tetrapolar device model
Quantum II (RJL Systems, Detroit, MI, USA) with an
electrical current of 800 μA at 50 kHz was used to assess
resistance (R) and reactance (Xc) with the participants
under 6 hours of fast. All patients remained in the supine
position for 5 minutes before the BIA measurement was
performed, with legs apart and arms not touching the
torso. Four electrodes were placed on the right side of
the body at the wrist, hand, ankle, and foot. The SMM
was normalized by height squared and reported as skeletal
muscle index (SMI) (kg/m2). Phase angle was calculated

with the following equation: phase angle (degrees) = arctan
(Xc/R) × (180/π).

Physical examination of muscle mass deficit. Low mus-
cle mass was investigated through visual inspection and
palpation of muscles, with loss of bulk and tone in the
sites of temple, clavicle, shoulder, scapula, thigh, calf, and
interosseous muscle indicatingmuscle depletion. The degree
of muscle depletion was rated as 0 (normal), +1 (mild), +2
(moderate), or +3 (severe).12

CT for skeletal muscle area. CT was assessed with the
Slice-O-Matic software 5.0 (Tomovision, Montreal, Que-
bec, Canada) using routine CT scans conducted for
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diagnostic/follow-up purposes. One image from L3 was
assessed for skeletal muscle using Hounsfield unit (HU)
thresholds −29 to +150 HU.14 Skeletal muscle area was
normalized by height squared and reported as lumbar SMI
(cm2/m2).

Measurement of Muscle Strength and Physical
Performance

Muscle strength was measured using a Jamar hydraulic
hand dynamometer (Sammons Preston, Chicago, IL,USA).
Everyone sat in a chair and the upper limb was placed
alongside the body with the elbow at a 90˚ angle. The
participant was instructed to use the maximum strength in
each measurement. Three measurements were determined
for each hand, and the maximum strength was used.

Physical performancewas assessed by gait speed test. The
subject was instructed to walk through a predetermined 4.6-
m straight path while the time was measured. The test was
applied twice, and the lower of the 2 measurements was
used.

Nutrition Assessment

Body weight (kg) was assessed using a platform-type me-
chanical scale (Filizola, São Paulo, Brazil) with a maximum
capacity of 150 kg and height (cm) by a vertical stadiometer
200 cm long. Body mass index (BMI) was calculated.
The percentage of total body fat (%BF) was assessed by
BIA based on the predictive equation provided from the
manufacturer’s software. Obesity was defined according to
sex- and age-specific %BF cutoff points for the healthy
population.26 In addition, each patient was classified as
well nourished (PG-SGA A) and malnourished (PG-SGA
B and C).12

Laboratorial Measurements

Serum dosages of albumin (green bromocresol) and
high-sensitivity C-reactive protein (hsCRP) (turbidimetric
method) were measured by specific kits from Roche using
a COBAS 311 analyzer (Roche Diagnostics, Mannheim,
Germany) according to laboratory routine.

Overall Survival

Survival data were obtained from the electronic medi-
cal record up to 1 year after the last patient had been
included (median: 17 months; interquartile range [IQR]:
12–23 months). Survival time was defined as time from
inclusion in the study until death and recorded as number of
months. Patients were censored at the last visit date or at the
datawhen follow-up for survival was concluded (June 2017),
whichever occurred first, if they had no death information
or if they were still alive.

Statistical Analyses

Continuous variables were summarized as mean and stan-
dard deviation ormedian and IQR, depending on normality
distribution (assessed by Shapiro-Wilk test). Categorical
variables were summarized as the absolute frequencies
and their corresponding percentages. To assess differences
among nutrition status, body composition, and physical
function according to the presence of low muscle mass
based on different muscle-assessment methods, t-test and
Mann-Whitney test were used depending on its normality
distribution, and χ2 test was used for categorical variables.
The agreement between CT and the surrogate methods was
evaluated by κ test. The agreement according to κ value
can be interpreted as follows: 0.20 poor, 0.21–0.60moderate,
0.61–0.80 good, and 0.81–1.00 very good.27 The sensitivity
and specificity of the methods were assessed through a
cross-reference table. For the survival analysis, the SMM
assessed by BIA and CT was tested as moderate and severe
muscle loss groups as described in Table 1. Kaplan-Meier
survival curves for different muscle-mass assessments were
then performed. Univariate Cox regression models between
survival and clinical variables that can influence survival
(such as performance status, tumor stage, and cancer treat-
ment in the 3 months before enrollment) were evaluated.
Because of collinearity between the latter 3 variables, the
variable with the highest hazard ratio (HR) will be used
in multivariate Cox regression model, in addition to age
and sex (variables well known to influence muscle mass) to
test associations between overall survival and low–muscle-
mass groups assessed by different methods. Harrell’s C-
statistic test was calculated to identifywhichmethod showed
the best predictive accuracy for survival (the higher the C-
statistic value, the better the model’s accuracy). Statistical
significance was defined as P < .05. SPSS 20.0 was used
for the statistical analyses, except for C statistics, for which
STATA 15.0 was used.

Results

This study included 188 patients; 52% had colon cancer,
40% rectal cancer, and 8% rectosigmoid cancer; most were
males (n = 108; 57%) with a mean age of 61 ± 11.4 years
and mean BMI of 27.1 ± 5.4 kg/m2 and with 32% (n
= 60) of the patients having malnutrition, according to
the PG-SGA. Cancer stage III–IV was observed in 147
(78%) patients, and 58% (n = 108) had performance status
1 and 2. Most of the patients (n = 118; 63%) were not
receiving cancer treatment (chemotherapy, radiotherapy, or
surgery) in the 3 months before enrollment in the study,
whereas 70 patients (27%) were receiving treatment, either
chemotherapy or radiotherapy. The median time between
the tumor diagnosis and the CT scan was 26 months (IQR:
13–46 months). Regarding comorbidities, hypertension and
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Figure 2. Low muscle mass prevalence according to different muscle-assessment methods (n = 188). AMAc, corrected mid-upper
arm muscle circumference; BIA, bioelectrical impedance analysis; CT, computed tomography; MM-PG-SGA, muscle mass
assessed by Patient-Generated Subjective Global Assessment; SMI, skeletal muscle index.

diabetes were the most frequent (n = 90, 48% and n
= 38, 20%; respectively). The prevalence of low muscle
mass varied from 9.6% to 54.3% depending on the method
applied to assess muscle mass (Figure 2).

As can be seen in Table 2, the κ coefficients were indica-
tive of moderate agreement, and the specificity was higher
than the sensitivity (except for BIA). Although showing
lower sensitivity than BIA, the physical examination had the
highest κ coefficient and positive predictive value among all
methods.

For all methods applied to assess muscle mass, the
patients in the low–muscle-mass group had significantly
lower BMI, higher prevalence of malnutrition, lower phase
angle, and lower %BF (Table 3). Handgrip strength was
lower in the group with low muscle mass when assessed
by AMAc, calf circumference, and BIA. Gait speed was
also lower when assessed by AMAc, calf circumference, and

physical exam. Interestingly, in the groups with low muscle
mass, %BF was within the normal values and not indicating
malnutrition. Similarly, serum albumin levels were within
the normal range (>3.5 g/dL) (Table 3).

After 17 months (IQR: 12–23) of follow-up, there were
52 (28%) deaths. According to Kaplan-Meier survival anal-
ysis, patients with low muscle mass had significantly lower
survival for all methods (Figure 3). The unadjusted Cox re-
gressionmodel showed that tumor stages II–IV as compared
with I and II (HR: 3.65; 95% CI, 1.32–10.13; P = 0.01),
performance status 1 and 2 as compared with 0 (HR: 3.24;
95% CI, 1.67–6.32; P< .01), and receiving cancer treatment
in the previous 3 months as compared with not receiving
treatment (HR: 3.99; 95% CI, 2.25–7.01; P < .01) were
significantly associatedwithworse survival, with the last one
showing the highest HR. The multivariate Cox regression
model adjusted by sex, age, and treatment in the 3 months

Table 2. Agreement Between Muscle Mass Evaluated by Computed Tomography and Methods Applied in Clinical Practice
(n = 188).

Method κ Test (r; P)
Sensitivity

(%)
Specificity

(%)

Positive
Predictive
Value (%)

Negative
Predictive
Value (%)

AMAc 0.26 (<.01) 27.3 94.2 50 85.9
Calf

circumference
0.32 (<.01) 48.5 85.8 42.1 88.7

SMI-BIA 0.26 (<.01) 93.9 54.2 30.4 97.7
MM PG-SGA 0.48 (<.01) 78.8 81.3 47.3 94.7

AMAc, corrected mid-upper arm muscle circumference; BIA, bioelectrical impedance analysis; MM PG-SGA, muscle mass assessed by
Patient-Generated Subjective Global Assessment; SMI, skeletal muscle index.
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Figure 3. Kaplan-Meier survival curves of different muscle-assessment methods (n = 188). AMAc, corrected mid-upper arm
muscle circumference; BIA, bioelectrical impedance analysis; CT, computed tomography; MM-PG-SGA, muscle mass assessed
by Patient-Generated Subjective Global Assessment; SMI, skeletal muscle index.
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Table 4. Multivariate Cox Regression Analysis of Different Muscle-Assessment Methods (n = 188).

Variable HR 95% CI P C Statatistic

Model 1a

Low muscle mass—AMAc 1.74 0.80–3.75 .16 0.68
Model 2a

Low muscle mass—Calf circumference 1.54 0.84–2.85 .16 0.69
Model 3a

Low muscle mass—SMI-BIA
Moderate muscle loss 0.93 0.47–1.88 .85 0.69
Severe muscle loss 2.46 1.03–5.88 .04

Model 4a

Low muscle mass—MM PG-SGA 1.90 1.05–3.43 .03 0.71
Model 5a

Low muscle mass—SMI-CT
Moderate muscle loss 1.07 0.37–3.13 .90 0.70
Severe muscle loss 2.14 1.06–4.31 .03

AMAc, corrected mid-upper arm muscle circumference; BIA, bioelectrical impedance analysis; CT, computed tomography; HR, hazard ratio;
MM PG-SGA, muscle mass assessed by Patient-Generated Subjective Global Assessment; SMI, skeletal muscle index.
aAdjusted for age, sex, and cancer treatment in the 3 months prior to enrollment (no or yes). The group with adequate muscle mass was taken as
reference for the analysis.

previous to enrollment (no or yes) showed that severemuscle
loss assessed by BIA and CT and low muscle mass assessed
by the physical exam from PG-SGA remained significantly
associated with lower survival and had similar C-statistic
values to predict mortality (Table 4).

Discussion

This study aimed to evaluate the agreement between
CT and surrogate methods highly applied in the clinical
setting for the muscle mass measurements and to assess
the prognostic value of low muscle mass for survival in a
follow-up of 17 months in a representative group of 188
well-characterized CRC patients. Our main finding was that
among all methods tested, low muscle mass assessed by the
physical examination from PG-SGA showed the highest
κ coefficient and the best agreement with CT, which is
considered a reference method.13 In addition, as expected,
the low–muscle-mass groups had a higher proportion of
malnourished individuals and lower %BF. Depending on
the method applied to assess muscle mass, the groups
with low muscle mass had lower handgrip strength and
gait speed, denoting lower strength and muscle function.
Finally, the Cox regression models adjusted for age, sex,
and receiving cancer treatment in the 3 months before study
enrollment showed that severe muscle loss (measured by
BIA and CT) and low muscle mass (measured by PG-SGA)
predicted higher mortality rates than the adequate–muscle-
mass groups. These results are aligned with the notion that
low muscle mass has a negative impact on outcome, which
emphasizes the importance of implementing its assessment
by a method that can be easily used in the routine care of
cancer patients.

In addition, we observed a wide variation in the preva-
lence of lowmuscle mass depending on the method applied,
which was similar to that previously reported in patients
with varying types of cancer.1,2 This large variability may be
explained not only by different methods applied but also by
distinct thresholds used for screening for low muscle mass.
Although the EWGSOP recommends using normative data
of the study population,28 researchers have used different
cutoff points of the distinct populations to assess low mus-
cle mass, and the results may be difficult to interpret. There-
fore, our findings, together with those previously reported,
highlight the importance of exploring which method has
the best agreement with a reference method. In this regard,
we showed that the muscle deficit assessed by the physical
examination from the PG-SGA had the best agreement with
CT in the slice located at L3, which was shown to reflect
the muscle mass of the whole body in healthy individuals17

and in patients with cancer.14 We speculate that the good
performance of physical examination may result from the
fact that it includes the assessment of 7 sites of the
body (temple, clavicle, shoulder, scapula, thigh, calf, and
interosseous muscle) that are rated according to the clinical
judgment of the examiner in +1 (mild), +2 (moderate), and
+3 (severe) of muscle deficit. Hence, we hypothesize that it
can yield a better overall condition of muscle depletion than
other methods, such as calf circumference and AMAc, that
restrict the assessment to 1 site of muscle mass. Although
the muscle deficit assessed by the physical examination from
the PG-SGA had the best agreement with CT, the moderate
positive predictive κ value that was found highlighted the
importance of adequate training to perform the different
assessments used in the study. Preferably, a trained dieti-
tian should perform the physical examination, but other
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healthcare professionals (nurses, physicians, and physiother-
apist) can also be trained for this purpose. As there is no
need of equipment and the exam takes <10 minutes to
be completed, it can be easily implemented in the clinical
setting, such as in outpatient clinics and hospitals. However,
it should be acknowledged that the physical examination
has the disadvantage of not being an objectivemeasurement
and, therefore, can be subjected to inter-examiner and intra-
examiner variability. In agreement with our results, Raeder
et al, in a study with 97 nonmetastatic CRC patients,
identified 64% sensitivity and 78% specificity of the physical
examination from PG-SGA when compared with fat-free
mass estimated byBIA.29 On the other hand, in a study from
our group carried out in nondialyzed chronic kidney disease
patients, we failed to show good agreement between CT
and the physical examination (κ coefficient in males: 0.32;
sensitivity: 40%; specificity: 88%; κ coefficient in female:
−0.12; sensitivity: 9%; specificity: 79%).18 The difference in
the results between oncologic and chronic kidney disease pa-
tients may be attributed to the characteristics related to the
group itself. Patients with chronic kidney disease are known
to show fluctuation in hydration status, which is likely not
visualized by the physical examination30 unless it comes as
a pronounced edema. In addition, it should also be kept in
mind that the results from our study, as well from the previ-
ous one in patients with cancer, showed a better specificity
than sensitivity of the physical examination to diagnose
low muscle mass, suggesting a limited capacity to detect
the true cases of low muscle mass. Despite these findings,
the physical examination was able to differentiate nutrition
status between patients with and without muscle loss.

Also of note, in our findings, the low–muscle-mass group
had worse nutrition status than the adequate–muscle-mass
group, as depicted by higher prevalence of malnutrition
by PG-SGA and lower values of BMI, %BF, and phase
angle. However, in all groups with low muscle mass, the
mean %BF was not indicative of low values, suggesting that
overweight and obesity can occur together with low muscle
mass, which is known as obese sarcopenia.4-7 Similarly, for
all methods applied, serum albumin level was indicative of
normal values (>3.5 g/dL), even in the low–muscle-mass
group, which is aligned with the median hsCRP levels
denoting low degree of inflammation. Finally, phase
angle, considered a marker of the amount and quality of
soft-tissue mass,31 was able to detect the differences between
the group with and without muscle loss.

When we investigated the prognostic outcome of low
muscle mass on overall mortality diagnosed by different
methods, we found that severe muscle loss (measured by
BIA and CT) and low muscle mass (measured by PG-SGA)
were able to predict overall mortality in the models adjusted
for sex, age, and treatment in the 3months prior to inclusion
the study. Our findings are not in accordance with a previous
study32 in which, among the methods applied to diagnose

cachexia in patients with cancer, AMAc had the highest HR
compared with the other methods, including CT. The lack
of agreement with our results is likely to be explained by the
fact that Blauwhoff-Buskermolen et al32 applied different
cutoffs for AMAc and BIA, and CT was assessed L3 and
fourth thoracic vertebra (T4), whereas we assessed at L3.
Moreover, in our study, the physical examination from PG-
SGA, BIA, andCThad similar C-statistic values, suggesting
comparable prediction for mortality. We are not aware of
studies in patients with cancer testing the prognostic effect
of low muscle mass assessed by these methods, especially
by physical examination, on overall mortality. But in non-
dialyzed and dialyzed patients, Carrero et al33 also showed
that mortality was significantly higher in patients having
muscle depletion by physical exam, which agrees with our
results. Altogether, lowmuscle mass assessed by the physical
examination had the best agreement with CT and, together
with BIA and CT, was able to differentiate nutrition status
measured by objective measurements.

The strengths of the present study include the measure-
ment of musclemass by 4 surrogatemethods and 1 reference
method, all performed by the same trained researcher and in
a representative and relatively large sample of CRCpatients.
Moreover, the reliability of the physical examination for
the assessment of low muscle mass has important clinical
application, allowing its implementation in routine nutrition
screening for patients with high need of nutrition care. The
limitations include (1) the lack of a long-term follow-up,
which probably explains why only severe muscle loss for
BIA and CT was associated with higher mortality in the
multivariate Cox adjusted models; (2) the lack of reference
values for low muscle mass from Brazilian normative tables,
except for calf circumference; and (3)musclemass fromBIA
using a nonvalidated equation in our population.

In conclusion, physical examination showed the highest
κ coefficient and the best agreement with CT to identify
muscle-mass depletion. Groups with low muscle mass had
a higher proportion of malnourished individuals and lower
values of %BF and phase angle. Severe muscle loss (mea-
sured by BIA and CT) and low muscle mass (measured by
physical examination) were independent factors of mortal-
ity in patients with CRC. Moreover, physical examination
from PG-SGA, BIA, and CT had similar predictive results
in survival analysis of CRC patients. Future prospective
studies are warranted to confirm our findings, and the use
of specific equation/cutoffs may show different results.
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