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s u m m a r y

Background & aims: Cancer cachexia is commonly associated with poor prognosis in patients with head
and neck cancer (HNC). However, its pathophysiology and treatment are not well established. The cur-
rent study aimed to assess the muscle mass/quality/strength, physical function and activity, resting
energy expenditure (REE), and respiratory quotient (RQ) in cachectic patients with HNC.
Methods: This prospective cross-sectional study analyzed 64 patients with HNC. Body composition was
measured via direct segmental multifrequency bioelectrical impedance analysis, and muscle quality was
assessed using echo intensity on ultrasonography images. Muscle strength was investigated utilizing
handgrip strength and isometric knee extension force (IKEF). Physical function was evaluated using the
10-mwalking speed test and the five times sit-to-stand (5-STS) test. Physical activity was examined using
a wearable triaxial accelerometer. REE and RQ were measured via indirect calorimetry. These parameters
were compared between the cachectic and noncachectic groups.
Results: In total, 23 (36%) patients were diagnosed with cachexia. The cachectic group had a significantly
lower muscle mass than the noncachectic group. Nevertheless, there was no significant difference in
terms of fat between the two groups. The cachectic group had a higher quadriceps echo intensity and a
lower handgrip strength and IKEF than the noncachectic group. Moreover, they had a significantly slower
normal and maximumwalking speed and 5-STS speed. The number of steps, total activity time, and time
of activity (<3 Mets) did not significantly differ between the two groups. The cachectic group had a
shorter time of activity (�3 Mets) than the noncachectic group. Furthermore, the cachectic group had a
significantly higher REE/body weight and REE/fat free mass and a significantly lower RQ than the non-
cachectic group.
Conclusions: The cachectic group had a lower muscle mass/quality/strength and physical function and
activity and a higher REE than the noncachectic group. Thus, REE and physical activity should be eval-
uated to determine energy requirements. The RQ was lower in the cachectic group than that in the
noncachectic group, indicating changes in energy substrate. Further studies must be conducted to
examine effective nutritional and exercise interventions for patients with cancer cachexia.
© 2022 The Authors. Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).
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1. Introduction

Cancer cachexia is a multifactorial syndrome characterized by
loss of skeletal muscle mass (with or without loss of fat mass) [1].
Cachexia is common in patients with head and neck cancer (HNC),
with an incidence of 31%e42% [2,3]. Pretreatment cachexia is
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Abbreviations

HNC head and neck cancer
REE resting energy expenditure
RQ respiratory quotient
IKEF isometric knee extension force
5-STS five times sit-to-stand
EI echo intensity
SMM skeletal muscle mass
DSM-BIA direct segmental multi-frequency bioelectrical

impedance analysis
BW body weight
R resistance
Xc reactance

ASM appendicular skeletal muscle mass
BFM body fat mass
PBF percent body fat
ECW/TBW extracellular water/total body water
BMI body mass index
SMI skeletal muscle mass index
PhA Phase angle
RF rectus femoris
VI vastus intermedius
MT muscle thickness
FT fat thickness
IC indirect calorimetry
CRP C-reactive protein
IMAT intramuscular adipose tissue
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associated with poor prognosis such as more treatment toxicities,
poorer responses to chemotherapy, decreased quality of life [4], and
decreased survival [2]. However, the pathophysiology of cachexia is
multifactorial, and the provision of effective nutritional and exer-
cise interventions remains a challenge. Contrary cachexia in other
types of cancer, cachexia in HNC has not been explored [3].

First, with regard to body composition, cachectic patients with
HNC had a significantly lower muscle mass than noncachectic pa-
tients before treatment [3]. In recent years, in addition to muscle
mass, muscle quality has been used to diagnose sarcopenia. It is
assessed using highly sensitive imaging tools, such as magnetic
resonance imaging and computed tomography scan, which can
determine muscle fat infiltration, and muscle attenuation [5].
Moreover, echo intensity (EI) on ultrasound images is utilized to
assess muscle quality since non-contractile tissues associated with
myosteatosis present with hyperechogenicity [5,6]. Muscle quality
assessment can help monitor treatment response in sarcopenia [5].
However, there are no previous reports on muscle quality in pa-
tients with cachexia.

Second, patients with cancer cachexia have a negative energy
balance due to reduced food intake and/or abnormal metabolism
[1,7]. Nevertheless, there is no enough evidence that strongly sup-
ports this notion. Patients with severe weight loss have a higher
resting energy expenditure (REE) than thosewith a stableweight [8].
Meanwhile, another report showed no significant difference in REE
with orwithoutweight loss [9]. To the best of our knowledge, there is
only one report comparing the REE of patients with and without
cachexia according to the definition of Fearon et al. Results showed
that patients with cachexia had a higher REE/lean body mass than
those without [10]. Moreover, the respiratory quotient (RQ) of
cachectic patients was lower than that of noncancer patients. In
addition, patients with cachexia had a lower physical function than
thosewithout [10]. Based on these data, patientswith cachexiamight
have a high REE and low energy consumption from physical activity.
However, whether REE, RQ, and physical activity differ between
cachectic and noncachectic patients with HNC remains unclear.

The current study aimed to assess the muscle mass/quality/
strength, physical function and activity, REE, and RQ in cachectic
patients with HNC and to provide information that can contribute
to nutritional and rehabilitation therapy for cancer cachexia.

2. Material and methods

2.1. Patients

This was prospective cross-sectional study. Patients with newly
diagnosed HNC admitted to the Department of Otolaryngology of
Tokushima University Hospital from January 2015 to March 2021
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were recruited in the research. Patients with pacemakers and
metallic prostheses were excluded before informed consent
because direct segmental multifrequency bioelectrical impedance
analysis (DSM-BIA) is contraindicated or it is not possible to pre-
cisely measure their body composition in these patients. In total, 66
patients who provided a written informed consent were included.
The accuracy of measuring skeletal muscle mass (SMM) via DSM-
BIA was dependent on hydration status. Hence, two patients with
evident edema were excluded. This study was approved by the
ethical committee of the Tokushima University Hospital (2161-3).

2.2. Data collection

Data on age, height, sex, cancer site and stage, and serum
chemistry parameters were collected from the electronic medical
records of the patients.

2.3. Direct segmental multifrequency bioelectrical impedance
analysis

Bodyweight (BW)was assessedwith a scale to the nearest 0.1 kg
(TANITA, Tokyo, Japan) while the participants were wearing light
clothing without shoes. Body composition was evaluated via DSM-
BIA using InBodyS10® (InBody Co., Ltd., Seoul, Korea). Measure-
ment was performed prior to treatment. The patients fasted for at
least 4 h prior to measurement, and they were evaluated while in
supine position. InBodyS10®was used tomeasure impedance at six
frequencies (1, 5, 50, 250, 500, and 1000 kHz) and reactance (Xc) at
three frequencies (5, 50, and 250 kHz) each at five segments (right
arm, left arm, trunk, right leg, and left leg) using an eight-point
tactile electrode. Body composition such as SMM was calculated
using a specific formula in the inner software based on height and
30 impedance measured at six frequencies. Inbody S10® auto-
matically displays SMM, appendicular skeletal muscle mass (ASM),
body fat mass (BFM), percent body fat (PBF), and extracellular
water/total body water (ECW/TBW). Body mass index (BMI) was
calculated as weight divided by height in meters squared (kg/m2).
Skeletal muscle mass index (SMI) was calculated as ASM divided by
height in meters squared (kg/m2). Resistance (R) was calculated
mathematically based on impedance and Xc values using trigono-
metric functions. Phase angle (PhA) value at 50 kHz was calculated
as PhA (degrees) ¼ arctan (Xc/R) � (180/p).

2.4. Diagnosis of cancer cachexia

Cachexia was assessed using the criteria by Fearon et al. [1],
which were as follows: weight loss of >5% over the last 6 months;
BMI of <20 kg/m2 and any degree of weight loss (>2%); SMI derived
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via DSM-BIA, which is consistent with sarcopenia (men: <7.0 kg/
m2, women: <5.7 kg/m2) and any degree of weight loss (>2%). The
SMI cutoff values were based on the Asian Working Group for
Sarcopenia 2019 guideline [11]. Patients whomet at least one of the
three criteria were diagnosed with cachexia.

2.5. Muscle strength

The handgrip strength of both hands was evaluated using a
dynamometer (Takei Scientific Instruments, Niigata, Japan) while
the patients were in the standing position. The assessments were
repeated twice on each hand, and the maximum value was used.
Isometric knee extension force (IKEF) was measured in the right leg
using a hand-held dynamometer (mTas F-1, Anima, Tokyo, Japan).
The patients repeated the test twice, and the maximum value was
used in the analysis. The IKEF value was expressed relative to BW (%
BW) [12].

2.6. Ultrasound measurement and physical functional assessments

Of 64 patients, 51 underwent ultrasonography. Images were
obtained using a B-mode ultrasound imaging device (EUB-8500,
Hitachi, Tokyo, Japan) with a linear-array probe. Ultrasound images
were obtained at the midpoint of the right anterior thigh while in
the supine position. A water-soluble permeable gel was applied to
the skin surface of the thigh, and ultrasonic measurements were
performed to prevent losing muscle shape without pressing the
skin surface. EI was determined via an 8-bit gray-scale analysis, and
the mean EI of the regions of interest in the rectus femoris (RF)
muscle and vastus intermedius (VI) muscle was expressed as a
value from 0 (black) to 255 (white). The muscle thickness (MT) of
the quadriceps femoris muscle was defined as the sum of the
muscle thickness of the RF and VI muscle. The fat thickness (FT) of
the thigh front was evaluated as the distance between the fascia of
the RF muscle and dermis. Physical functionwas assessed using the
10-mwalking speed test and the five times sit-to-stand (5-STS) test.
In the former, the patients were instructed to walk with normal or
maximum levels of effort from the starting line toward the finish
line. In the later, the patients were instructed to fold their arms in
front of their chest and perform five standing and sitting motions as
fast as possible, and the required time was recorded. All ultrasound
measurements and physical functional tests were performed by a
well-trained physical therapist.

2.7. Physical activity

The number of steps and activity time were used to measure
physical activity. Of 64 patients, 57 wore a triaxial accelerometer
(Active style PRO JHA-350IT; Omron, Kyoto, Japan) on the waist all
day for 7 days between admission and treatment. The average value
per day was applied in the analysis. The activity intensity was
classified as low intensity (<3 Mets) and moderate-intensity (�3
Mets) [13].

2.8. Indirect calorimetry

Of 64 patients, 30 underwent indirect calorimetry (IC) for the
assessment of carbon dioxide production and oxygen consumption.
REE and RQ were evaluated via IC using AE-310S (Minato Medical
Science Co., Osaka, Japan). All patients were smoke-free prior to the
measurement. IC was performed for 30 min in the morning after
the patients fasted overnight with the last medication taken the
previous night. None of the patients were taking any medications
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containing lactulose, which may increase CO2 and may affect REE.
Moreover, it was conducted while the patients were lying in the
supine position. REE was calculated using the Weir's equation,
which does not include urinary nitrogen, assuming a protein-
energy ratio of 12.5% [14].

2.9. Statistical analysis

All statistical analyses were performed using JMP version 13.0
software (SAS Institute Inc., Cary, NC, the USA). Continuous vari-
ables without a normal distribution were presented as median and
interquartile range. To compare patients with cachexia and those
without, Wilcoxon rank-sum test and chi-square test were used to
evaluate continuous and categorical variables, respectively. A p-
value of <0.05 was considered statistically significant.

3. Results

3.1. Characteristics of the patients

Table 1 presents the characteristics of the patients. Of 64 pa-
tients, 23 (36%) were diagnosed with cachexia. The cachectic group
had a significantly lower height, BW, BMI, SMM, SMI, and PhA than
the noncachectic group. However, there was no significant differ-
ence in terms of BFM and PBF between the two groups. The
cachectic group had a significantly higher ECW/TBW than the
noncachectic group. The cachectic group had a significantly lower
serum albumin level and a significantly higher C-reactive protein
(CRP) level than the noncachectic group.

3.2. Ultrasound measurement

Table 2 shows the variables measured via ultrasonography be-
tween patients with cachexia and those without. The cachectic
group had a significantly lower quadriceps MT than the non-
cachectic group. Meanwhile, there was no significant difference in
the thigh front FT between the two groups. The cachectic group had
a significantly higher quadriceps EI than the noncachectic group.

3.3. Muscle strength and physical function and activity

Table 3 shows the muscle strength and physical function and
activity of patients with cachexia and those without. The cachectic
group had a lower handgrip strength and IKEF than the non-
cachectic group. Moreover, they had a significantly slower normal
and maximum walking speed and 5-STS speed. The number of
steps, total activity time, and time of activity (<3 Mets) did not
significantly differ between the two groups. The cachectic group
had a shorter time of activity (�3 Mets) than the noncachectic
group.

3.4. Indirect calorimetry

Table 4 shows the REE and RQ of patients with cachexia and
those without. The cachectic group had a significantly higher REE/
BWand REE/FFM than the noncachectic group. The cachectic group
had a significantly lower RQ than the noncachectic group. Since 25
of the 30 patients (7 with cachexia and 18 with noncachexia) wore
triaxial accelerometers, we performed additional analyses. The
estimated total energy expenditure (REE þ activity energy expen-
diture) was not significantly different between the cachectic and
noncachectic groups (31.0 kcal/kg vs. 28.0 kcal/kg, P ¼ 0.123).



Table 1
Characteristics of the patients.

All patients (n ¼ 64) Cachectic group (n ¼ 23) Noncachectic group (n ¼ 41) P-value

Age (years) 67 (61e74) 69 (61e80) 67 (61e71) 0.226
Sex, n (%) 0.132
Male 51 (80) 16 (70) 35 (85)
Female 13 (20) 7 (30) 6 (15)

Cancer site, n (%) 0.573
Hypopharynx 16 (25) 5 (22) 11 (27)
Oropharynx 13 (20) 6 (26) 7 (17)
Larynx 12 (19) 3 (13) 9 (22)
Nasopharynx 10 (16) 2 (9) 8 (20)
Oral cavity 5 (8) 3 (13) 2 (5)
Maxillary sinus 5 (8) 3 (13) 2 (5)
Others 2 (3) 1 (4) 1 (2)
Unknown primary 1 (2) 0 (0) 1 (2)

Cancer stage, n (%) 0.183
I 2 (3) 0 (0) 2 (5)
II 13 (20) 2 (9) 11 (27)
III 14 (22) 6 (26) 8 (20)
IV 33 (52) 15 (65) 18 (44)
Unknown 2 (3) 0 (0) 2 (5)

Height (cm) 165.6 (158.9e169.6) 159.3 (153.2e169.0) 166.7 (160.9e170.4) 0.046
BW (kg) 57.6 (48.5e66.2) 48.6 (46.2e57.9) 61.2 (52.5e69.8) <0.001
BMI (kg/m2) 21.2 (19.3e24.0) 19.8 (18.4e21.3) 22.0 (20.0e24.6) 0.020
SMM (kg) 22.4 (20.2e26.8) 20.3 (17.6e22.2) 25.5 (21.2e27.8) <0.001
SMI (kg/m2) 6.4 (5.9e7.2) 5.9 (5.2e6.4) 6.9 (6.2e7.7) <0.001
BFM (kg) 13.8 (9.9e18.0) 12.8 (9.1e16.4) 14.2 (10.2e18.9) 0.341
PBF (%) 24.4 (19.7e29.6) 24.4 (19.5e30.9) 23.5 (19.7e28.0) 0.576
PhA (�) 4.91 (4.41e5.65) 4.47 (4.08e5.11) 5.30 (4.58e5.85) 0.002
ECW/TBW 0.392 (0.384e0.397) 0.395 (0.388e0.405) 0.390 (0.381e0.395) 0.008
Albumin level (g/dL) 3.7 (3.4e4.0) 3.4 (3.1e3.9) 3.8 (3.6e4.1) 0.003
CRP level (mg/dL) 0.4 (0.2e1.6) 1.6 (0.9e3.7) 0.3 (0.1e0.7) 0.003

BW, body weight; BMI, body mass index; SMM, skeletal muscle mass; SMI, skeletal muscle mass index; BFM, body fat mass; PBF, percent body fat; PhA, phase angle; ECW/
TBW, extracellular water/total body water; CRP, C-reactive protein.
p < 0.05 are shown in bold.

Table 2
Comparison of variables measured by ultrasound images.

All patients (n ¼ 51) Cachectic group (n ¼ 20) Noncachectic group (n ¼ 31) P-value

Quadriceps MT (cm) 2.34 (1.84e2.84) 1.91 (1.63e2.35) 2.64 (2.14e3.14) <0.001
Thigh front FT (cm) 0.63 (0.50e0.87) 0.65 (0.50e0.77) 0.63 (0.51e0.91) 0.900
Quadriceps EI (pixel) 87.2 (76.7e102.2) 96.3 (85.6e104.6) 81.7 (69.1e97.6) 0.023

MT, muscle thickness; FT, fat thickness; EI, echo intensity.
p < 0.05 are shown in bold.

Table 3
Comparison of muscle strength and physical function and activity.

Total number of patients
(cachectic and noncachectic groups)

All patients Cachectic group Noncachectic group P-value

Handgrip strength (kg) 63 (22, 41) 31.5 (25.5e37.0) 26.7 (22.0e32.2) 33.2 (28.1e39.2) 0.002
IKEF (%BW) 50 (19, 31) 53.1 (44.8e63.7) 44.5 (38.0e55.5) 58.2 (49.5e66.4) 0.002
Normal walking speed (m/s) 50 (20, 30) 1.15 (1.01e1.29) 1.04 (0.87e1.24) 1.21 (1.03e1.38) 0.025
Maximum walking speed (m/s) 47 (18, 29) 1.66 (1.42e1.91) 1.56 (1.20e1.69) 1.77 (1.54e1.94) 0.021
5-STS speed (s) 48 (18, 30) 8.2 (6.8e10.9) 10.0 (7.4e12.7) 8.1 (6.3e9.6) 0.048
Number of steps 57 (18, 39) 3100 (1629e4296) 2975 (869e3515) 3210 (1724e5332) 0.116
Activity time
Total (min/day) 57 (18, 39) 829 (641e972) 828 (578e947) 829 (645e993) 0.764
<3 Mets (min/day) 57 (18, 39) 783 (619e903) 807 (567e935) 781 (619e902) 0.952
�3 Mets (min/day) 57 (18, 39) 27 (15e44) 19 (11e30) 29 (18e46) 0.046

IKEF, isometric knee extension force; 5-STS, five times sit-to-stand.
p < 0.05 are shown in bold.
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Table 4
Comparison of REE and RQ.

All patients (n ¼ 30) Cachectic group (n ¼ 10) Noncachectic group (n ¼ 20) P-value

REE/BW (kcal/kg) 22.5 (21.2e24.3) 24.5 (23.1e25.1) 21.8 (20.0e23.0) 0.002
REE/FFM (kcal/kg) 29.6 (27.5e31.5) 31.2 (29.9e33.2) 28.2 (26.8e30.6) 0.010
RQ 0.88 (0.85e0.95) 0.85 (0.84e0.88) 0.90 (0.86e0.96) 0.011

REE, resting energy expenditure; RQ, respiratory quotient; BW, body weight; FFM, fat free mass.
p < 0.05 are shown in bold.
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4. Discussion

The current study investigated the prevalence of cachexia and
compared the muscle mass/quality/strength, physical function and
activity, REE, and RQ between cachectic and noncachectic patients
with HNC. Approximately 36% of patients had cachexia. The
cachectic group had lower muscle mass/quality/strength and
physical function than the noncachectic group. Moreover, they had
a higher REE and a lower RQ and moderate-intensity activity.

The prevalence rate of cachexia in patients with HNC at the start
of treatment was similar between the current and previous studies
(36% vs 31% [2] and 42% [3]). The DSM-BIA and ultrasound imaging
results did not differ in terms of fat mass between patients with
cachexia and those without. However, patients with cachexia had a
lower muscle mass than those without. The PhA was lower in pa-
tients with cachexia than in those without. PhA obtained by BIA
provides information on hydration status and body cell mass and cell
integrity without algorithm-inherent errors or requiring assump-
tions such as constant tissue hydration [15]. The guideline from the
European Working Group on Sarcopenia in Older People (2018)
stated that “muscle quality has been assessed by BIA-derived phase
angle measurement” [5]. Indeed, reports of healthy subjects by other
investigators [16,17] and of patients with head and neck cancer by
the current authors [18] have demonstrated that PhA correlates with
EI. These findings suggest that PhA might reflect muscle quality.
Present study showed that patients with cachexia had a higher EI,
which is an indicator of intramuscular adipose tissue (IMAT)
[5,6,19,20], than those without cachexia. A high preoperative IMAT
content was a worse prognostic factor of overall survival and
recurrence-free survival in patients who underwent hepatectomy for
hepatocellular carcinoma [21]. Although the mechanism of IMAT
accumulation is not completely understood, it is believed to be
correlated with aging [22,23], physical inactivity, and sarcopenia
[24]. In this study, patients with cachexia had a lower muscle mass
and strength (i.e., sarcopenia) and a lower moderate-intensity ac-
tivity, which might have led to a higher IMAT content. To summarize
the DSM-BIA and ultrasound results, in addition to the fact that
patients with cachexia had reduced muscle mass [2,3], we obtained
novel findings showing that these patients also had a low muscle
quality. Resistance training can decrease intramuscular fat and in-
crease muscle mass [25,26]. In elderly hospitalized patients,
decreased IMAT content in the quadriceps muscle was associated
with recovery of activities of daily living rather than increased
muscle mass [27]. In older adults with sarcopenia or dynapenia,
combined bodyweight resistance exercise and protein and vitamin D
supplementation for 12 weeks improved muscle quality and
strength [28]. Further studies should be conducted to improve
muscle mass/quality/strength in patients with cachexia.

Based on the walking and 5-STS speeds, patients with cachexia
had impaired physical function at the start of treatment. In terms of
physical activity, the cachectic group had a lower number of steps
than the noncachectic group. However, the results did not signifi-
cantly differ. The cachectic group had a lower moderate-intensity
activity than the noncachectic group. Decreased moderate-
intensity activity time may lead to loss of muscle mass.
117
Patients with cachexia had a higher REE than those without.
Previous studies have reported that patients with esophageal
cancer with weight loss had a higher REE than those without [29].
In addition, patients with pancreatic cancer with an acute phase
protein response (CRP level of �10 mg/L) had a higher REE than
those without (CRP level of <10 mg/L) [30]. Based on our study,
cachexia was associated with weight loss and high CRP levels.
Hence, these reports partly support our results. Patients with
cachexia may have a high REE but normal total energy expenditure
due to decreased physical activity [31]. In fact, based on the eval-
uation using a wearable device, the estimated total energy expen-
diture (REE þ activity energy expenditure) was not significantly
different between the cachectic and noncachectic groups in our
study (31.0 kcal/kg vs. 28.0 kcal/kg, P ¼ 0.123). However, because
these results were obtained from a small sample size of only 25
patients, they must be revalidated with a larger sample size, and it
is important to assess both REE and activity energy expenditure.

Only few reports have assessed the RQ of patients with cancer.
The current study had a novel finding that patients with cachexia
had a lower RQ than those without. Previous reports have shown
that the group following a 4-day high-protein diet (provided 30%,
40%, and 30% of energy from protein, carbohydrate, and fat,
respectively) had a lower RQ than group following an adequate
protein diet (provided 10%, 60%, and 30% of energy from protein,
carbohydrate, and fat, respectively; RQ: 0.84 ± 0.02 vs. 0.88 ± 0.03,
P < 0.001) [32]. Other reports have shown that a negative energy
balance increased lipid oxidation andwas associatedwith lower RQ
[33]. In this study, to examine the possible influence of nutritional
intake on RQ, we compared nutritional intake from postadmission
to IC measurement for the 30 patients in whom RQ was measured.
We found no significant difference in energy intake between the
cachectic and noncachectic groups (34.9 [30.9e42.6] kcal/kg vs.
31.2 [25.4e33.1] kcal/kg, P ¼ 0.050), and because both groups were
not in a negative energy balance, it is unlikely that the difference in
energy intake affected the RQ values. The energy from carbohy-
drate (62.0% vs. 64.0%, P¼ 0.155) and fat (22.4% vs. 22.5%, P¼ 0.859)
was not significantly different between the two groups. Although
the energy from protein was significantly higher in the cachectic
group than in the noncachectic group (15.5% vs. 14.0%, P ¼ 0.005),
the difference was minimal. Since the aforementioned study
compared a high-protein diet (30%) with an adequate protein diet
(10%), the difference in protein-to-energy ratio in this study would
not have affected RQ. These findings suggest that the lower RQ in
the cachectic group was due to metabolic changes in this group,
rather than differences in nutrient intake. Altered glucose meta-
bolism and excessive mobilization of lipids are common in patients
with cancer [34]. Cancer cells use carbohydrates as a primary en-
ergy source [35,36]. Patients with cancer had increased lipid
oxidation and utilization of exogenous lipids, and these mecha-
nismsweremore evident in patients with weight loss [37]. Thus, fat
intake should be increased to further prevent weight loss or to
increase BW. The European Society for Clinical Nutrition and
Metabolism guidelines recommend the replacement of carbohy-
drates with lipids as a source of energy in patients with cancer who
presentedwith insulin resistance [38]. Another guideline suggested
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that lipid utilization is effective and may cover a major part of REE
in patients with cancer who experiencing weight loss. Meanwhile,
carbohydrate utilization is impaired in the presence of systemic
inflammation and insulin resistance [31]. Taken together with our
finding, changes in energy substrate must be considered in the
nutritional management of patients with cancer cachexia.

The strength of this study is that it initially confirmed that
cachectic patients with HNC had reduced muscle quality, increased
REE, and decreased RQ. However, it also had some limitations. First,
it was performed at a single institution, and the sample size was
relatively small. Hence, our findings might not be generalizable to
all patients with HNC. Second, several dataweremissing due to lack
of patient consent, and this could have affected the research results.
Third, factors (whether in menstrual period or not, whether after
urination or defecation) were not fully complied with, which could
have affected the BIA results. Forth, the studywas cross-sectional in
nature; thus, the longitudinal association between cachexia and
other measured variables was not evaluated.
5. Conclusion

The cachectic group had a lower muscle mass/quality/strength
and physical function than the noncachectic group. Moreover, they
had a higher REE but a lower physical activity. Hence, REE and
physical activity should be evaluated to determine energy re-
quirements. The RQ was lower in the cachectic group than that in
the noncachectic group, suggesting that the energy substrate might
have changed. Further studies with larger sample sizes must be
conducted to validate our results, and intervention trials should be
performed to examine effective nutritional and exercise in-
terventions for patients with cancer cachexia.
Funding

This work was partially supported by JSPS KAKENHI (Grant
Numbers 16H05897 and 20K11530).
Author contributions

Nao Ohmae: Data curation, formal analysis, investigation, visu-
alization, and writing-original draft.

Sonoko Yasui-Yamada: Conceptualization, data curation, formal
analysis, funding acquisition, investigation, project administration,
supervision, visualization, and writing-original draft.

Taiki Furumoto: Data curation and investigation.
Kyoko Wada: Data curation and investigation.
Haruka Hayashi: Data curation and investigation.
Midori Kitao: Data curation and investigation.
Ayaka Yamanaka: Data curation and investigation.
Miyu Kubo: Data curation and investigation.
Momoyo Matsuoka: Investigation and resources.
Seiichiro Kamimura: Investigation and resources.
Aki Shimada: Investigation and resources.
Nori Sato: Data curation and investigation.
Yoshiaki Kitamura: Resources and writing - review & editing.
Shinsuke Katoh: Writing - review & editing.
Noriaki Takeda: Resources and writing - review & editing.
Yasuhiro Hamada: Writing - review & editing.
Declarations of competing interest

The authors declare no conflict of interest.
118
Acknowledgements

The authors acknowledge themedical staff of the Department of
Otolaryngology and the dietitians at the Department of Nutrition in
Tokushima University Hospital for their cooperation.
References

[1] Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E, Fainsinger RL, et al. Defi-
nition and classification of cancer cachexia: an international consensus. Lancet
Oncol 2011;12:489e95. https://doi.org/10.1016/S1470-2045(10)70218-7.

[2] Orell-Kotikangas H, €Osterlund P, M€akitie O, Saarilahti K, Ravasco P, Schwab U,
et al. Cachexia at diagnosis is associated with poor survival in head and neck
cancer patients. Acta Otolaryngol 2017;137:778e85. https://doi.org/10.1080/
00016489.2016.1277263.

[3] Jager-Wittenaar H, Dijkstra PU, Dijkstra G, Bijzet J, Langendijk JA, van der
Laan BFAM, et al. High prevalence of cachexia in newly diagnosed head and
neck cancer patients: an exploratory study. Nutrition 2017;35:114e8. https://
doi.org/10.1016/j.nut.2016.11.008.

[4] Couch M, Lai V, Cannon T, Guttridge D, Zanation A, George J, et al. Cancer
cachexia syndrome in head and neck cancer patients: part I. Diagnosis, impact
on quality of life and survival, and treatment. Head Neck 2007;29:401e11.
https://doi.org/10.1002/hed.20447.

[5] Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruy�ere O, Cederholm T, et al.
Writing group for the European working group on sarcopenia in older People
2 (EWGSOP2), and the extended group for EWGSOP2. Sarcopenia: revised
European consensus on definition and diagnosis. Age Ageing 2019;48:16e31.
https://doi.org/10.1093/ageing/afy169.

[6] Reimers K, Reimers CD, Wagner S, Paetzke I, Pongratz DE. Skeletal muscle
sonography: a correlative study of echogenicity and morphology. J Ultrasound
Med 1993;12:73e7. https://doi.org/10.7863/jum.1993.12.2.73.

[7] Fonseca GWPD, Farkas J, Dora E, von Haehling S, Lainscak M. Cancer cachexia
and related metabolic dysfunction. Int J Mol Sci 2020;21:2321. https://doi.org/
10.3390/ijms21072321.

[8] Bosaeus I, Daneryd P, Svanberg E, Lundholm K. Dietary intake and resting
energy expenditure in relation to weight loss in unselected cancer patients.
Int J Cancer 2001;93:380e3. https://doi.org/10.1002/ijc.1332.

[9] Lindmark L, Bennegård K, Ed�en E, Ekman L, Scherst�en T, Svaninger G, et al.
Resting energy expenditure in malnourished patients with and without can-
cer. Gastroenterology 1984;87:402e8.

[10] Anderson LJ, Lee J, Mallen MC, Migula D, Liu H, Wu PC, et al. Evaluation of
physical function and its association with body composition, quality of life
and biomarkers in cancer cachexia patients. Clin Nutr 2021;40:978e86.
https://doi.org/10.1016/j.clnu.2020.07.001.

[11] Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, et al. Asian
Working Group for Sarcopenia: 2019 consensus update on sarcopenia diag-
nosis and treatment. J Am Med Dir Assoc 2020;21:300e307.e2. https://
doi.org/10.1016/j.jamda.2019.12.012.

[12] Kondo S, Kagawa K, Saito T, Oura M, Sogabe K, Harada T, et al. Allogeneic
haematopoietic stem cell transplantation-clinical outcomes: impact of leg
muscle strength. BMJ Support Palliat Care 2021. https://doi.org/10.1136/
bmjspcare-2021-003256. bmjspcare-2021-003256.

[13] Yoshida D, Nakagaichi M, Saito K, Wakui S, Yoshitake Y. The relationship
between physical fitness and ambulatory activity in very elderly women with
normal functioning and functional limitations. J Physiol Anthropol 2010;29:
211e8. https://doi.org/10.2114/jpa2.29.211.

[14] Weir JB. New methods for calculating metabolic rate with special reference to
protein metabolism. J Physiol 1949;109:1e9. https://doi.org/10.1113/
jphysiol.1949.sp004363.

[15] Norman K, Stob€aus N, Pirlich M, Bosy-Westphal A. Bioelectrical phase angle
and impedance vector analysis–clinical relevance and applicability of
impedance parameters. Clin Nutr 2012;31:854e61. https://doi.org/10.1016/
j.clnu.2012.05.008.

[16] Yamada M, Kimura Y, Ishiyama D, Nishio N, Otobe Y, Tanaka T, et al. Phase
angle is a useful indicator for muscle function in older adults. J Nutr Health
Aging 2019;23:251e5. https://doi.org/10.1007/s12603-018-1151-0.

[17] Banks NF, Rogers EM, Jenkins NDM. Electromyographic amplitude versus
torque relationships are different in young versus postmenopausal females
and are related to muscle mass after controlling for bodyweight. Eur J Appl
Physiol 2021;121:479e88. https://doi.org/10.1007/s00421-020-04532-0.

[18] Yamanaka A, Yasui-Yamada S, Furumoto T, Kubo M, Hayashi H, Kitao M, et al.
Association of phase angle with muscle function and prognosis in patients
with head and neck cancer undergoing chemoradiotherapy. Nutrition
2022;103e104:111798. https://doi.org/10.1016/j.nut.2022.111798.

[19] Young HJ, Jenkins NT, Zhao Q, Mccully KK. Measurement of intramuscular fat
by muscle echo intensity. Muscle Nerve 2015;52:963e71. https://doi.org/
10.1002/mus.24656.

[20] Akima H, Hioki M, Yoshiko A, Koike T, Sakakibara H, Takahashi H, et al.
Intramuscular adipose tissue determined by T1-weighted MRI at 3T primarily
reflects extramyocellular lipids. Magn Reson Imaging 2016;34:397e403.
https://doi.org/10.1016/j.mri.2015.12.038.

https://doi.org/10.1016/S1470-2045(10)70218-7
https://doi.org/10.1080/00016489.2016.1277263
https://doi.org/10.1080/00016489.2016.1277263
https://doi.org/10.1016/j.nut.2016.11.008
https://doi.org/10.1016/j.nut.2016.11.008
https://doi.org/10.1002/hed.20447
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.7863/jum.1993.12.2.73
https://doi.org/10.3390/ijms21072321
https://doi.org/10.3390/ijms21072321
https://doi.org/10.1002/ijc.1332
http://refhub.elsevier.com/S2405-4577(22)01416-4/sref9
http://refhub.elsevier.com/S2405-4577(22)01416-4/sref9
http://refhub.elsevier.com/S2405-4577(22)01416-4/sref9
http://refhub.elsevier.com/S2405-4577(22)01416-4/sref9
http://refhub.elsevier.com/S2405-4577(22)01416-4/sref9
http://refhub.elsevier.com/S2405-4577(22)01416-4/sref9
https://doi.org/10.1016/j.clnu.2020.07.001
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1136/bmjspcare-2021-003256
https://doi.org/10.1136/bmjspcare-2021-003256
https://doi.org/10.2114/jpa2.29.211
https://doi.org/10.1113/jphysiol.1949.sp004363
https://doi.org/10.1113/jphysiol.1949.sp004363
https://doi.org/10.1016/j.clnu.2012.05.008
https://doi.org/10.1016/j.clnu.2012.05.008
https://doi.org/10.1007/s12603-018-1151-0
https://doi.org/10.1007/s00421-020-04532-0
https://doi.org/10.1016/j.nut.2022.111798
https://doi.org/10.1002/mus.24656
https://doi.org/10.1002/mus.24656
https://doi.org/10.1016/j.mri.2015.12.038


N. Ohmae, S. Yasui-Yamada, T. Furumoto et al. Clinical Nutrition ESPEN 53 (2023) 113e119
[21] Hamaguchi Y, Kaido T, Okumura S, Ito T, Fujimoto Y, Ogawa K, et al. Preop-
erative intramuscular adipose tissue content is a novel prognostic predictor
after hepatectomy for hepatocellular carcinoma. J Hepato-Bil Pancreat Sci
2015;22:475e85. https://doi.org/10.1002/jhbp.236.

[22] Hioki M, Kanehira N, Koike T, Saito A, Shimaoka K, Sakakibara H, et al. Age-
related changes in muscle volume and intramuscular fat content in quadri-
ceps femoris and hamstrings. Exp Gerontol 2020;132:110834. https://doi.org/
10.1016/j.exger.2020.110834.

[23] Akazawa N, Kishi M, Hino T, Tsuji R, Tamura K, Hioka A, et al. Relationship
between aging and intramuscular adipose tissue in older inpatients. J Am Med
Dir Assoc 2021;22:1287e91. https://doi.org/10.1016/j.jamda.2020.09.017. e1.

[24] Pagano AF, Brioche T, Arc-Chagnaud C, Demangel R, Chopard A, Py G. Short-
term disuse promotes fatty acid infiltration into skeletal muscle. J Cachexia
Sarcopenia Muscle 2018;9:335e47. https://doi.org/10.1002/jcsm.12259.

[25] Taaffe DR, Henwood TR, Nalls MA, Walker DG, Lang TF, Harris TB. Alterations
in muscle attenuation following detraining and retraining in resistance-
trained older adults. Gerontology 2009;55:217e23. https://doi.org/10.1159/
000182084.

[26] Radaelli R, Botton CE, Wilhelm EN, Bottaro M, Lacerda F, Gaya A, et al. Low-
and high-volume strength training induces similar neuromuscular improve-
ments in muscle quality in elderly women. Exp Gerontol 2013;48:710e6.
https://doi.org/10.1016/j.exger.2013.04.003.

[27] Akazawa N, Kishi M, Hino T, Tsuji R, Tamura K, Hioka A, et al. Longitudinal
relationship between intramuscular adipose tissue of the quadriceps and
activities of daily living in older inpatients. J Cachexia Sarcopenia Muscle
2021;12:2231e7. https://doi.org/10.1002/jcsm.12842.

[28] Yamada M, Kimura Y, Ishiyama D, Nishio N, Otobe Y, Tanaka T, et al. Syner-
gistic effect of bodyweight resistance exercise and protein supplementation
on skeletal muscle in sarcopenic or dynapenic older adults. Geriatr Gerontol
Int 2019;19:429e37. https://doi.org/10.1111/ggi.13643.

[29] Wu J, Huang C, Xiao H, Tang Q, Cai W. Weight loss and resting energy
expenditure in male patients with newly diagnosed esophageal cancer.
Nutrition 2013;29:1310e4. https://doi.org/10.1016/j.nut.2013.04.010.
119
[30] Falconer JS, Fearon KC, Plester CE, Ross JA, Carter DC. Cytokines, the acute-
phase response, and resting energy expenditure in cachectic patients with
pancreatic cancer. Ann Surg 1994;219:325e31. https://doi.org/10.1097/
00000658-199404000-00001.

[31] Arends J, Strasser F, Gonella S, Solheim TS, Madeddu C, Ravasco P, et al. Cancer
cachexia in adult patients: ESMO clinical practice guidelines. ESMO Open
2021;6:100092. https://doi.org/10.1016/j.esmoop.2021.100092.

[32] Lejeune MP, Westerterp KR, Adam TC, Luscombe-Marsh ND, Westerterp-
Plantenga MS. Ghrelin and glucagon-like peptide 1 concentrations, 24-h
satiety, and energy and substrate metabolism during a high-protein diet
and measured in a respiration chamber. Am J Clin Nutr 2006;83:89e94.
https://doi.org/10.1093/ajcn/83.1.89.

[33] Drummen M, Tischmann L, Gatta-Cherifi B, Fogelholm M, Raben A, Adam TC,
et al. High compared with moderate protein intake reduces adaptive ther-
mogenesis and induces a negative energy balance during long-term weight-
loss maintenance in participants with prediabetes in the postobese state: a
PREVIEW study. J Nutr 2020;150:458e63. https://doi.org/10.1093/jn/nxz281.

[34] Cao DX, Wu GH, Zhang B, Quan YJ, Wei J, Jin H, et al. Resting energy expen-
diture and body composition in patients with newly detected cancer. Clin
Nutr 2010;29:72e7. https://doi.org/10.1016/j.clnu.2009.07.001.

[35] Esper DH, Harb WA. The cancer cachexia syndrome: a review of metabolic and
clinical manifestations. Nutr Clin Pract 2005;20:369e76. https://doi.org/
10.1177/0115426505020004369.

[36] Tisdale MJ. Metabolic abnormalities in cachexia and anorexia. Nutrition
2000;16:1013e4. https://doi.org/10.1016/s0899-9007(00)00409-3.

[37] K€orber J, Pricelius S, Heidrich M, Müller MJ. Increased lipid utilization in
weight losing and weight stable cancer patients with normal body weight. Eur
J Clin Nutr 1999;53:740e5. https://doi.org/10.1038/sj.ejcn.1600843.

[38] Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti F, et al.
ESPEN guidelines on nutrition in cancer patients. Clin Nutr 2017;36:11e48.
https://doi.org/10.1016/j.clnu.2016.07.015.

https://doi.org/10.1002/jhbp.236
https://doi.org/10.1016/j.exger.2020.110834
https://doi.org/10.1016/j.exger.2020.110834
https://doi.org/10.1016/j.jamda.2020.09.017
https://doi.org/10.1002/jcsm.12259
https://doi.org/10.1159/000182084
https://doi.org/10.1159/000182084
https://doi.org/10.1016/j.exger.2013.04.003
https://doi.org/10.1002/jcsm.12842
https://doi.org/10.1111/ggi.13643
https://doi.org/10.1016/j.nut.2013.04.010
https://doi.org/10.1097/00000658-199404000-00001
https://doi.org/10.1097/00000658-199404000-00001
https://doi.org/10.1016/j.esmoop.2021.100092
https://doi.org/10.1093/ajcn/83.1.89
https://doi.org/10.1093/jn/nxz281
https://doi.org/10.1016/j.clnu.2009.07.001
https://doi.org/10.1177/0115426505020004369
https://doi.org/10.1177/0115426505020004369
https://doi.org/10.1016/s0899-9007(00)00409-3
https://doi.org/10.1038/sj.ejcn.1600843
https://doi.org/10.1016/j.clnu.2016.07.015

	Muscle mass, quality, and strength; physical function and activity; and metabolic status in cachectic patients with head an ...
	1. Introduction
	2. Material and methods
	2.1. Patients
	2.2. Data collection
	2.3. Direct segmental multifrequency bioelectrical impedance analysis
	2.4. Diagnosis of cancer cachexia
	2.5. Muscle strength
	2.6. Ultrasound measurement and physical functional assessments
	2.7. Physical activity
	2.8. Indirect calorimetry
	2.9. Statistical analysis

	3. Results
	3.1. Characteristics of the patients
	3.2. Ultrasound measurement
	3.3. Muscle strength and physical function and activity
	3.4. Indirect calorimetry

	4. Discussion
	5. Conclusion
	Funding
	Author contributions
	Declarations of competing interest
	Acknowledgements
	References


