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We aimed to describe nutritional status and body composition
profiles perioperative head and neck cancer (HNC) patients
managed with whole-course nutritional support. Scored Nutritional
Risk Screening (NRS 2002), Patient-Generated Subjective Global
Assessment (PG-SGA), and body composition were conducted. The
factors related to weight loss and skeletal muscle mass (SMM)
were identified. Lower weight and body composition levels in low
skeletal muscle index (SMI≤9.90 kg/m2) group were observed.
Levels of albumin, prealbumin, prognostic nutritional index (PNI),
and lymphocyte-to-monocyte ratio (LMR) were lower than pre-
operative, but the values after 2 weeks were higher than 1 week
post-operatively (all p<0.01). The neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) were increased at 1
and 2 weeks post-operative compared to pre-operative (both
p<0.01). Post-operatively, NLR at 2 weeks was lowed than 1 week
(p = 0.02). A negative correlation was observed between SMM
loss and serum prealbumin (r = −0.255, p = 0.029). Pre-operative
BMI (p<0.01), tumor differentiation (p = 0.003), and nutritional risk
(p = 0.049) were risk factors for weight loss. In conclusions, for
perioperative HNC patients, loss of adipose tissue occurred earlier
than muscle. Prealbumin should be considered as an indicator for
monitoring of recovery in clinical practice.
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Head and neck cancers (HNCs) are tumors of the larynx, oral
cavity, salivary glands, and nasal and paranasal sinuses.(1)

Surgery and radiotherapy, sometimes combined with chemo‐
therapy, are the primary treatment approaches.(2) Tumors con‐
sume many nutrients during development, resulting in metabolic
disorders and reduced food intake,(3–5) leading to increased mal‐
nutrition and serious adverse conditions.(6) Notably, the effects of
tumors are amplified by the side effects of treatments that com‐
promise dietary intake resulting in unintentional weight loss
accompanied by muscle wasting, leading to sarcopenia.(7) The
high prevalence of skeletal muscle depletion (6.6–70.9%) and
malnutrition (30–50%) in patients with HNC negatively impacts
patient outcomes.(8–10) Sarcopenia has been recognized as an inde‐
pendent poor prognostic factor in patients with cancer, regardless
of their weight or nutritional status.(11)

To date, in clinical practice, Patient-Generated Subjective
Global Assessment (PG-SGA) has been widely used to identify
and prioritize nutrition issues and to diagnose malnutrition for
patients with cancer; it allows for quick identification and priori‐

tization of malnutrition issues.(12) Weight loss and body mass
index (BMI) are significant indicators of nutritional status. How‐
ever, body composition assessment, particularly muscle and fat
tissues in patients with HNC, is not routinely performed, and
only few studies have focused this aspect. Therefore, a compre‐
hensive assessment of weight and BMI combined with body
composition features is necessary. According to 2019 Chinese
Society of Clinical Oncology (CSCO) guidelines for nutrition in
patients with cancer,(13) the evidence-based whole-course nutri‐
tion management system was built by our team. The algorithm
was described in previous article.(14) In this present study, we
aimed to examine the nutrition management along with the nutri‐
tional status and body composition profile of pre-and post-
operative patients with HNC, Additionally, we sought to explore
the effect factors affecting muscle mass and weight loss. This
study could provide a reference for more precise nutritional inter‐
ventions.

Methods

Participants. The study population was selected from a
cohort aimed at establishing a whole-nutrition management
system for newly diagnosed patients with HNC who underwent
surgery in the Head and Neck Surgery Department of our
Hospital between January 2021 and December 2022. The algo‐
rithm of the system was referred in the supplementary material.
All patients provided written informed consent and the study
protocol was approved by the ethics committee of the hospital
(KYSB2020YJ044-01). The inclusion criteria were as follows:
patients ≥18 years old with a new diagnosis of squamous cell
HNC, including laryngeal, hypopharynx, tongue and oropharyn‐
geal cancer. Patients who received pre-operative chemoradio‐
therapy and had tumors at other sites, as well as those with an
expected survival of less than 3 months were excluded.

Multidisciplinary team management. A multidisciplinary
team (MDT) nutritional support group comprising physicians,
nurses, nutritionists, and clinical pharmacists was established.
Nutritional Risk Screening (NRS 2002) and Patient-Generated
Subjective Global Assessment (PG-SGA) were conducted by
nurses and nutritionists respectively. Body compositions were
assessed using bioelectric impedance analysis (BIA, Inbody S10;
InBody, Seoul, South Korea). In the first 24 h post-operative,
enteral nutrition via nasogastric tube was initiated using 200 ml
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of rice soup, which was almost no energy and taken only as a
transition. Gradually, individualized nutritional interventions
that targeted daily energy of 30–35 kcal/(kg/day) and 1.5 g of
protein/(kg/day), were achieved within 24–48 h. Supplementary
parenteral nutritional support was implemented, when enteral
nutrition cannot be satisfied to the target. And pharmacist was
responsible for the prescription of parenteral nutrition. Interven‐
tions were adjusted by nutritionists over time until discharge,
according to the patients’ enteral tolerance and nutritional needs.

Data collection. Basic patient information, baseline clinical
characteristics and NRS2002 scores were collected upon admis‐
sion. At 0 day after surgery, NRS 2002 was re-evaluated and
PG-SGA was evaluated. Nutritional status including weight,
serum albumin, prealbumin, prognostic nutritional index (PNI =
serum albumin + 5 × total lymphocyte count), neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
lymphocyte-to monocyte ratio (LMR) and body composition data
were collected pre-operatively and reviewed at post-operative
weeks 1 and 2. According to the mean skeletal muscle index
[SMI = skeletal muscle mass/height (kg/m2)], all patients were
categorized into either a high (SMI>9.90 kg/m2) or low SMI
group (SMI≤9.90 kg/m2).

Statistical analysis. SPSS 20.0 statistical software was used
to analyze the data. Continuous variables were expressed as
mean ± SD and compared between groups using the two inde‐
pendent sample t tests. One-way analysis of variance was used
for comparisons among multiple groups. Disordered classifica‐
tion data were expressed as numbers (percentages), and the
chi-square test was used to compare the two groups. Serum
indicators and body composition data were compared over time
using analysis of variance for repeated measures, followed by the
Bonferroni test for multiple comparisons. Pearson’s correlation
coefficient test was used to evaluate the correlation between
quantitative variables. The significance level was set at 5%
(p<0.05).

Results

Patient characteristics. Within the study period, a total of
95 male patients with newly diagnosed HNC who underwent
surgery were included. Preoperative data on body composition
measurements for 10 patients were missing. According to the
mean preoperative skeletal muscle index of the 85 patients, they
were categorized into either high (SMI>9.90 kg/m2) or low SMI
groups (SMI ≤9.90 kg/m2). The baseline clinical characteristics
and nutritional status of all patients (n = 95) are summarized in
Table 1A and B. Basic demographics and clinical characteristics
did not significantly differ between the two groups (p>0.05). In
terms of nutritional status, NRS 2002 and PG-SGA scores were
significantly higher in the low SMI group, both pre-operatively
(NRS 2002, p = 0.01) and post-operatively on day 0 (NRS
2002, p = 0.008; PG-SGA, p = 0.006) and at 2 weeks (PG-SGA:
p = 0.036). In all patients, the nutritional scores increased post-
operatively. NRS 2002 post-operative score was higher than that
at admission (p<0.01), and the PG-SGA score was higher at 2
weeks than on day 0 post-operatively (p<0.01).

Comparisons in body composition characteristics and
serum nutritional indicators. Changes in body composition
and serum nutritional indicators during the pre- and post-
operative periods are summarized in Table 2. We observed signif‐
icantly lower weight and body composition including soft lean
mass, skeletal muscle, body fat, body fat percentage and visceral
fat area in low SMI (≤9.90 kg/m2) group (weight, soft lean mass,
skeletal muscle, body fat: p<0.01; body fat percentage: p = 0.01;
visceral fat area: p = 0.007); however, no significant differences
were observed in serum albumin, serum prealbumin, PNI, NLR,
PLR, or LMR between the two groups.

Trends in pre- and post-operative serum nutritional indicators

and body composition characteristics are presented (Table 3A
and B). A statistically significant trend was observed in the
serum albumin, prealbumin, PNI, NLR, PLR, and LMR. The
levels of serum albumin, prealbumin, PNI and LMR decreased
post-operatively, but their levels increased again after 2 weeks;
these levels were increased in comparison to the levels at 1 week
post-operatively (all p<0.01). Serum prealbumin level was an
exception, and a difference between pre-operative and 2 weeks
post-operative values was not found. The NLR and PLR were
increased at 1 week and 2 weeks post-operative compared to
pre-operative (both p<0.01). And post-operatively, NLR at 2
weeks was lowed than 1 week (p = 0.02). The difference of PLR
between 1 week and 2 weeks post-operative was not found.

SLM and skeletal muscle mass (SMM) levels declined at 2
weeks post-operatively compared to pre-operative measurements
and those at post-operative week 1, respectively. The fat level
declined from post-operative week 1 to week 2. Reduced Body
fat percentage (PBF) were found 1 week post-operatively
compared with pre-operative assessment. No differences in the
visceral fat area (VFA) were observed between the different
time points.

Influencing factors for SMM and weight loss. The vari‐
ables associated with skeletal muscle and weight loss are pre‐
sented in Table 4. The evaluations of the independent variables
are the same as those in Table 1A and B. A negative correlation
was observed between SMM loss and serum prealbumin levels
(r = −0.255, p = 0.029). Pre-operative BMI (p<0.01), tumor
differentiation (p = 0.003), and nutritional risk (p = 0.049) were
identified as risk factors for weight loss.

Discussion

The incidence of nutritional risk and malnutrition in patients
with cancer is as high as 40–80% and is associated with post-
operative infections,(15) longer and more frequent hospital stays,
and shorter survival time.(16) In a previous study, the 5-year
overall survival rate of surgically treated patients was 68.5% in
normal weight but only 55.9% in underweight patients.(17)

Patients with HNC lose up to 20% of their body weight during
the therapeutic and post-therapeutic phases.(18) The present study
demonstrated that nutritional interventions using oral nutrition
supplementation (ONS) or the initiation of tube feeding in
patients with HNC improved body composition and nutritional
status. This indicates that all patients with HNC should undergo
nutritional screening, and appropriate steps should be taken to
correct the nutritional deficiencies.(19) To ensure comprehensive
and effective nutritional management, the study advocates for
evidence-based whole-course nutritional management, involving
a systematic, standardized, and individualized quantitative
management method throughout the peri-operative treatment
phase. Nutrition screening and assessment should be performed
for each patient, and an individualized nutrition plan should be
prepared by a nutritionist. Nutritional status and body composi‐
tion should be assessed weekly post-surgery, and enteral nutri‐
tional schemes should be adjusted based on patient’s specific
circumstances to ensure sufficient nutritional support is provided.

Some measurement instruments for nutritional status include
NRS2002, PG-SGA, Subjective Global Assessment, Malnutrition
Universal Screening Tool. The PG-SGA was demonstrated be
the best sensitivity, specificity, and predictive value. It is a
method more specific to patients with cancer as it considers more
acute changes in weight and dietary intake as well as a greater
variety of symptoms of nutritional impact that are possibly expe‐
rienced by these patients.(20) It has been widely recommended
by many organizations for nutritional screening of patients with
cancer.(21,22) Our results showed that patients with HNC were
found to be a well-nourished population at admission but were
determined to be malnourished and at nutritional risk post-
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operatively. A comparison of the preoperative and post-operative
scores for NRS and PG-SGA, which are widely used methods for
diagnosing nutritional risk and malnutrition, showed an increase
in scores after surgery. Higher NRS and PG-SGA scores were

observed in patients with low SMM. Additionally, for patients
with different carcinomas, prognostic nutritional index (PNI),
neutrophilto-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR) and lymphocyte-to-monocyte ratio (LMR) are good

Table 1A. Baseline clinical characteristics and nutritional status of all patients categorized based on skeletal muscle features

Characteristic Overall
SMI

Statistical value p
High (n = 43) Low (n = 42)

Age (years) 64.21 ± 8.34 63.44 ± 7.62 65.21 ± 9.32 10.961a 0.339

Degree of education

 Primary school and below 57 (60%) 26 (30.6%) 26 (30.6%) 1.931b 0.381

 Junior middle school 30 (31.6%) 13 (15.3%) 15 (17.6%)

 High school and above 8 (8.4%) 4 (4.7%) 1 (1.2%)

Disease stage

 I–II 63 (66.3%) 23 (31.5%) 28 (38.4%) 1.204c 0.273

 III–IV 32 (33.7%) 13 (17.8%) 9 (12.3%)

Tumor site

 Laryngocarcinoma 69 (72.6%) 31 (36.5%) 30 (35.3%) 0.005b 0.998

 Carcinoma of the mouth 21 (22.1%) 10 (11.8%) 10 (11.8%)

 Others 5 (5.3%) 2 (2.4%) 2 (2.4%)

Tumor differentiation

 A (well) 22 (23.2%) 12 (14.1%) 9 (10.6%) 1.648b 0.439

 B (well-moderately and moderately) 45 (47.4%) 21 (24.7%) 18 (21.2%)

 C (moderately-poorly and poorly) 28 (29.5%) 10 (11.8%) 15 (17.6%)

History of smoking

 No 23 (24.2%) 11 (12.9%) 12 (14.1%) 0.096c 0.756

 Yes 72 (75.8%) 32 (37.6%) 30 (35.3%)

History of alcohol

 No 48 (50.5%) 18 (21.2%) 25 (29.4%) 2.652c 0.103

 Yes 47 (49.5%) 25 (29.4%) 17 (20.0%)

SMI, skeletal muscle index; NRS 2002, Nutritional Risk Screening 2002; PG-SGA, Patient-Generated Subjective Global Assessment. *The comparison
of NRS 2002 score and PG-SGA score assessed over time, p<0.05. at value; bF value; cx2 value.

Table 1B. Baseline clinical characteristics and nutritional status of all patients categorized based on skeletal muscle features

Characteristic Overall
SMI

Statistical value p
High (n = 43) Low (n = 42)

History of diabetes

 No 84 (88.4%) 40 (47.1%) 36 (42.4%) 1.218c 0.27

 Yes 11 (11.6%) 3 (3.5%) 6 (7.1%)

History of hypertension

 No 58 (61.1%) 24 (28.2%) 26 (30.6%) 0.325c 0.568

 Yes 37 (38.9%) 19 (22.4%) 16 (18.8%)

Post-operative stay (day) 19.01 ± 4.76 18.93 ± 4.55 19.81 ± 5.08 0.841a 0.403

NRS2002 score

 At discharge 1.67 ± 1.15 1.19 ± 0.39 2.17 ± 1.48 — 0.01

 After surgery, day 0 3.51 ± 0.73* 3.30 ± 0.56 3.74 ± 0.86 — 0.008

PG-SGA score

 After surgery, day 0 5.27 ± 3.12 4.14 ± 2.25 6.00 ± 3.44 — 0.006

 After surgery, 2 weeks 7.51 ± 2.38* 6.93 ± 2.11 8.05 ± 2.69 2.136a 0.036

SMI, skeletal muscle index; NRS 2002, Nutritional Risk Screening 2002; PG-SGA, Patient-Generated Subjective Global Assessment. *The comparison
of NRS 2002 score and PG-SGA score assessed over time, p<0.05. at value; bF value; cx2 value.
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inflammatory response follow-up markers and predictive survival
markers.(23,24) Research has shown that tumors have the ability to
alter their host’s systemic inflammation and immune response.(25)

PNI, NLR, PLR, and LMR are all based on peripheral lympho‐
cyte, the key component of the human immune system counts. It
can be seen from our results that these inflammation markers in
HNC patients changed after surgery. The increased NLR and
PLR, the decreased LMR at 1 week and 2 weeks post-operative
than preoperative. And compared with 1 week post-operative, the
decreased NLR and the increased LMR were found at 2 weeks
post-operative. Here, the levels of serum albumin and preal‐
bumin, initially decreased followed by an increase. Moreover,
prealbumin, an indicator with a short half-life, returned to the
pre-operative level. The above results suggesting a positive value
in the nutritional supporting and monitoring of recovery.

Approximately 80% of patients with HNC experience
significant unintentional weight loss accompanied by muscle
wasting.(26,27) Although sufficient nutrition was provided in this
study, patients with HNC still had 2.4 kg of weight loss and
0.84 kg/m2 of BMI decline. Muscle and fat tissue mass both
decreased. Low skeletal muscle mass is a phenotypic Global
Leadership Initiative on Malnutrition (GLIM) criterion for the
diagnosis of malnutrition; it may also arise from involuntary
weight loss or a low BMI.(28) The progressive and systemic loss
of skeletal muscle mass and strength, known as sarcopenia, is
associated with unplanned hospital admission and longer length
of stay; these can lead to adverse outcomes, such as reduced
quality of life and mortality.(29) In this study, a loss of adipose
tissue was observed 1 week post-operatively, and a decline was
still observed when comparing 2 weeks post-operative and pre-
operative values. Soft lean mass and skeletal muscle mass
declined at 2 weeks post-operative. These results indicated that
during the process of weight loss, adipose tissue plays a
protective role in the muscles. Recent evidence has suggested

that factors secreted by the tumor cell, such as IL-1 and TNF-α,
lead to a systemic inflammatory response which could induce fat
degradation and a reduction in fat generation.(30,31) Subsequently,
protein synthesis decreases and hydrolysis increases, inducing a
late loss of muscle tissue.(32) Overall, the loss of adipose tissue is
preceded by muscle loss; however, higher weight and BMI loss
are observed in the high SMI group, suggesting that the loss of
muscle mass accounts for a significant proportion of weight
loss.(33) Analysis of the factors influencing SMM and weight
loss showed that lower serum prealbumin levels were negatively
correlated with SMM loss, and that pre-operative BMI, tumor
differentiation, and nutritional risk were risk factors for weight
loss. BMI and weight loss are currently used as consensual indi‐
cators of nutritional assessment in clinical practice. The findings
of this study suggested that body composition should be deter‐
mined to assess the patient's muscle and fat tissues. In addition,
prealbumin levels should be considered as sensitive indicators
for monitoring of recovery.

The present study had some limitations. Although some
significant results were observed, the sample size was too small
to allow detailed group stratification for sarcopenia and
myosteatosis, though we recently demonstrated that both
sarcopenia and myosteatosis have prognostic value in patients
with HNC.(34) In addition, the shorter follow-up time was another
limitation, which limited the ability to fully capture the changes
in muscle and fat tissues. Moreover, the predictive value of
inflammatory biomarkers (PNI, NLR, PLR, and LMR) for
overall survival was not available. A large-scale and long-term
sample cohort should be built to capture the nature of nutritional
status, muscle, and fat status interrelationships as well as changes
over time. Future prospective studies exploring the relationship
between sarcopenia and myosteatosis, types of malnutrition,
long-term quality of life, and survival time using validated
methods are recommended. Moreover, recent literature clarified

Table 2. Comparisons of serum indicators and body composition characteristics of all patients categorized based on skeletal muscle features

Characteristic
SMI

Statistical value p
High LOW

Serum albumin (g/L) 38.64 ± 5.18 39.09 ± 3.01 0.473 0.638

Serum prealbumin (g/L) 0.28 ± 0.09 0.27 ± 0.07 −0.342 0.733

CRP (mg/L) 14.62 ± 15.58 9.63 ± 15.09 −1.482 0.142

PNI 45.87 ± 6.02 46.12 ± 4.13 0.213 0.832

NLR 4.62 ± 3.26 4.12 ± 2.57 −0.76 0.449

PLR 299.96 ± 175.09 295.53 ± 125.68 −0.129 0.898

LMR 2.46 ± 1.11 2.67 ± 1.29 0.796 0.428

Weight (kg) 66.35 ± 7.79 55.71 ± 6.92 −6.561 <0.01

Weight loss percent

 ≤−5% 16 10 1.436 0.248

 >−5% 27 30

Serum albumin (g/L) 38.64 ± 5.18 39.09 ± 3.01 0.473 0.638

Serum prealbumin (g/L) 0.28 ± 0.09 0.27 ± 0.07 −0.342 0.733

Soft lean mass (SLM, kg) 50.37 ± 4.15 43.36 ± 8.21 −4.749 <0.01

Skeletal muscle mass (SMM, kg) 29.75 ± 2.72 25.71 ± 2.45 −6.864 <0.01

Body fat (FAT, kg) 12.91 ± 5.24 8.75 ± 4.28 −3.813 <0.01

Body fat percentage (PBF, %) 18.81 ± 5.99 15.12 ± 6.25 −2.629 0.01

Visceral fat area (VFA, cm2) 46.38 ± 18.06 35.79 ± 15.09 −2.752 0.007

SMI, skeletal muscle index; CRP, C-reactive protein; PNI, prognostic nutritional index (PNI = serum albumin + 5 × total lymphocyte count); NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to monocyte ratio.
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that serum albumin, transferrin, serum transthyretin, and preal‐
bumin characterized inflammation rather than describe nutrition
status or protein-energy malnutrition. The inflammation and
hepatic reprioritization of protein synthesis occurs, resulting in
lower serum concentrations of albumin and prealbumin. These
proteins correlate well with patients’ risk for adverse outcomes
rather than with protein-energy malnutrition. Their normalization
may indicate the resolution of inflammation, the reduction of
nutrition risk, a transition to anabolism, or potentially lower
calorie and protein requirements.(35) In conclusion, this study
indicates that whole-course nutritional management pre- and
post-operatively is beneficial for maintaining and improving the
nutritional status of patients with HNC. In addition to traditional
BMI and weight loss, consideration of muscle and fat tissues,
sensitive serum prealbumin levels and readily available
biomarkers (PNI, NLR, PLR, and LMR) should be feasible,
complete, and integrated.
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Table 3A. Comparisons of serum indicators assessed over time

Characteristic Pre-operative 1 week after surgery 2 weeks after surgery p1 p2 p3

Serum albumin (g/L) 44.09 ± 3.56 33.51 ± 3.22 38.84 ± 4.15 <0.01 <0.01 <0.01

p<0.01

Serum prealbumin (g/L) 0.30 ± 0.09 0.19 ± 0.07 0.27 ± 0.08 <0.01 0.284 <0.01

p<0.01

PNI 52.47 ± 5.43 38.10 ± 4.60 46.00 ± 5.18 <0.01 <0.01 <0.01

p<0.01

NLR 3.18 ± 2.82 5.52 ± 4.47 4.44 ± 3.35 <0.01 <0.01 0.02

p<0.01

PLR 165.68 ± 109.27 274.99 ± 194.08 293.59 ± 153.07 <0.01 <0.01 0.12

p<0.01

LMR 3.37 ± 1.56 1.84 ± 0.87 2.59 ± 1.23 <0.01 <0.01 0.01

p<0.01

PNI, prognostic nutritional index (PNI = serum albumin + 5 × total lymphocyte count); NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; LMR, lymphocyte-to monocyte ratio. p: The comparison among three groups. p1: The comparison between pre-operative and 1
week after surgery. p2: The comparison between pre-operative and 2 weeks after surgery. p3: The comparison between 1 and 2 weeks after
surgery.

Table 3B. Comparisons of body composition characteristics assessed over time

Characteristic Pre-operative 1 week after surgery 2 weeks after surgery p1 p2 p3

Soft lean mass (SLM, kg) 48.01 ± 5.12 48.34 ± 5.47 47.03 ± 7.19 0.933 0.03 0.038

p = 0.013

Skeletal muscle (SMM, kg) 28.08 ± 3.30 28.22 ± 3.57 27.87 ± 3.29 0.996 0.024 0.021

p = 0.007

Body fat (FAT, kg) 11.54 ± 5.49 10.86 ± 4.97 11.13 ± 5.34 <0.01 0.002 0.74

p<0.01

Body fat percentage (PBF, %) 17.58 ± 6.62 16.89 ± 6.01 17.25 ± 6.41 0.003 0.266 0.346

p = 0.004

Visceral fat area (VFA, cm2) 42.61 ± 19.23 41.50 ± 18.21 42.06 ± 17.92 — — —

p = 0.405

p: The comparison among three groups. p1: The comparison between pre-operative and 1 week after surgery. p2: The comparison between pre-
operative and 2 weeks after surgery. p3: The comparison between 1 and 2 weeks after surgery.
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