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The Level of Serum Cholesterol is Negatively Associated with
Lean Body Mass in Korean non-Diabetic Cancer Patients

Ji Eun Han, Jun Yeup Lee, So Young Bu®
Department of Food and Nutrition, Daegu University, Gyeongsan 38453, Korea

Due to poor nutrition and abnormal energy metabolism, cancer patients typically experience the loss of muscle mass. Although
the diabetic conditions or dyslipidemia have been reported as a causal link of cancer but the consequence of such conditions in
relation to gain or loss of skeletal muscle mass in cancer patients has not been well documented. The purpose of this study was
to investigate the relationship of lean body mass and systemic parameters related to lipid metabolism in non-diabetic cancer
patients using data from the Korean National Health and Nutrition Examination Survey (KNHANES) 2008-2011. As results the
level of serum total cholesterol (total-C) was negatively associated with both total lean body mass and appendicular lean body
mass in cancer patients after adjustment for sex, physical activity, energy intake and comorbidity. The associations between
consumption of dietary factors (energy, carbohydrate, protein and fat) and lean body mass were disappeared after adjusting
comorbidities of cancer patients. Multivariate-adjusted linear regression analysis by quartiles of serum total-C showed that
higher quartile group of total-C had significantly lower percent of lean body mass than reference group in cancer patients. The
data indicate that serum lipid status can be the potential estimate of loss of skeletal muscle mass in cancer patients and be
referenced in nutrition care of cancer patients under the onset of cachexia or parenteral/enteral nutrition. This data need to be
confirmed with large pool of subjects and should be specified by stage of cancer or the site of cancer in future studies.
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lipoprotein (LDL) was associated with a higher risk of prostate
Received April 14, 2016 cancer in African American men. Tada et al. [2] found that
Revised April 23, 2016 high levels of serum triglycerides were positively correlated to
Accepted April 27,2016 cancer incidence in Japanese hypertriglyceridemia patients.
Also increased levels of fasting glucose and c-peptide were
observed with elevated body weight and increased plasma
cholesterol in breast cancer patients at stage I-Il [3]. Also a
recent report from meta-analysis suggested that total serum
cholesterol and high density lipoprotein cholesterol (HDL-C)
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position including fat and muscle amount [5-7]. Hence many
cancer patients who sustain altered energy homeostasis (e.g.
insulin resistance) in conjunction with uncontrolled blood lipid
finally experience the accelerated loss of skeletal muscle mass
[8-12]. For example Prado et al. [11] reported that decreased
muscle mass and muscle strength (i.e. handgrip strength) were
observed in male cancer patients with advanced lung or colon
cancer. Gale et al. [12] suggested that less grip strength due
to low muscle mass was associated with increased mortality
from cancer in the analysis of the data from UK Department
of Health and Social Security survey. Cancer patients with
cachexia also showed catabolic conditions including elevated
carbohydrate utilization, protein degradation and increased
fat lipolysis, and these conditions led weight loss and were
associated with increased morbidity and mortality of cancer
patients [13,14].

However it has been well suggested that elevated glucose
level or longer duration of diabetes is associated with declines
in skeletal muscle mass even in non-cancer subjects [8-10].
Additionally metabolic changes observed in cancer patients are
more complicate than those in patients only suffering from
diabetic conditions [11,13-15]. Therefore, in cancer patients, dia-
betes or insulin resistance will not be the only factor affecting
loss of skeletal muscle mass. Beside glycemic status, dyslip-
idemia and related complications observed in cancer patients
were mostly explained in terms of decreased fat mass [13-15]
but their relationship with decreased skeletal muscle mass in
cancer patients has not been well documented. Also muscle
mass could be influenced by dietary factors or health condi-
tions affecting lipid status specific to cancer hence the asso-
ciations among altered metabolic conditions and muscle mass
which differ from non-cancer subjects need to be explored in
cancer patients. Based on such research gaps this study was
conducted to investigate the relationship of serum lipids with
relative lean body mass in cancer patients without a diagnosed
diabetes by utilizing the Korean National Health and Nutrition
Examination Survey (KNHANES) data from 2008-2011.

KNHANES used a stratified multistage probability design to
provide nationally representative estimates of Korean popula-
tion [16,17]. The data from KNHANES 2008-2011 containing
the assessment of dual-energy X-ray absorptiometry (DXA) in
participants were used. Of 28071 potential participants aged >
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30 years, 230 participants who were diagnosed cancer (stom-
ach, colorectal, liver, lung, breast, ovary) were included in the
study. Participants with known history of diabetes and/or use
of insulin therapy were excluded and further participants who
had incomplete lab data were excluded. Finally the data of 179
subjects were analyzed for the present study. Control subjects
were also used for differentiating the health characteristics of
cancer patients from subjects without cancer before exploring
the possible variables associated with lean body mass in can-
cer patients. Total of 19172 participants who were older than
30 vyears, has no history of diabetes or insulin use but never
been diagnosed cancer were used as control subjects only
for comparing general health or diet characteristic of cancer
patients to that of non-cancer subjects. Since the number of
cancer subjects from the data of this complex sampling design
was not large enough to be matched by the data from non-
cancer subjects the comparison between cancer patients and
control group was performed on the raw data without strati-
fication or adjustment. KNHANES was approved by the Insti-
tutional Review Board of the Korea Center for Disease Control
and Prevention (IRB No. 2008-04EXP-01-C, 2009-01CON-03-
2C, 2010-02CON-21, 2011-02CON-06-C).

The whole body DXA examination in KNHANES was ac-
quired according to the manufacture's instruction on a Dis-
covery-W fan-beam densitometer (Hologic Inc., Bedford, MA,
USA). All subjects were asked to take off all accessories which
could interfere with the DXA examination. The coefficient of
variation (CV) of bone mineral density (BMD) measurement
of lumbar spine (L-L,), femoral neck and whole femur were
less than 1.9%, 2.5% and 1.8%, respectively [16]. Additional
information for the precision of the DXA instrument used or
calibration in the KNHANES study was reported previously [16-
18]. Total lean body mass was obtained from all anatomical
regions of skeletal muscle. Appendicular lean body mass was
obtained from combined lean body masses in the right and
left arms and legs [16]. All obtained values of lean body mass
(kg) were divided by total body weight (kg) and multiplied by
100% to provide standardized estimates of percent lean body
mass which could be better account for lean mass relative to
body size as reported previously [19].

Height was measured by a balanced beam scale (Seca 225,
Seca, Germany) and body weight was measured using a digital
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electronic scale (GL-6000-20, G-tech, Korea). Body mass index
(BMI) was calculated as the weight (kg) to the square of height
(m?). Blood samples were obtained from a cephalic vein of
the study subjects. Fasting plasma glucose, hemoglobin Alc
(HbA1c), blood urea nitrogen (BUN), total cholesterol (total-C),
triglyceride and HDL-C levels were measured using a Hitachi
7600 chemistry analyzer (Hitachi, Tokyo, Japan).

Participants were asked if they did physical activity designed
for enhancement of muscle strength such as push-ups, sit-
ups, lifting weights or the horizontal bar in the last week. Sta-
tus of smoking was categorized either a smoker: a person who
had smoked more than five packs of cigarettes in the past, or
a non-smoker: a person who had no history of smoking. Sta-
tus of alcohol consumption was defined based on whether a
person currently drinks alcohol more than one time per month
(drinkers) or not (non-drinkers).

Nutrient intakes such as carbohydrate, lipid and proteins
were assessed with a 24-hour dietary recall questionnaire
administered by a trained survey researcher. The results from
a 24-hour recall were calculated using the Food Composition
tables developed by the National Rural Resources Develop-
ment Institute (7th revision) [20].

History of comorbidities including arthritis, cardiovascular
disease (CVD), asthma, hypertension or chronic obstructive
pulmonary disease (COPD) was self-reported by study sub-
jects.

All statistical analyses were conducted using SAS software
version 9.3 (SAS Institute Inc., Cary, NC, USA). Values of de-
mographic and health-related variables were expressed as
mean and standard error for continuous variables or, number
of frequency and percentages for categorical variables. For the
comparison with non-cancer healthy subjects the t-test was
used for continuous variables and the chi-square test for cat-
egorical variables. Pearson's correlation test was used to ex-
plore simple correlation of percent lean body mass and health
related continuous variables. The ‘domain’ statement was used
to provide less-biased estimates for subgroup analysis in the
survey data. Before selecting variables for linear regression
model collinearity was checked for each independent variable
related to lean body mass. Linear regression models were cre-
ated and tested to characterize the association of percent lean
body mass and variables related to energy metabolism in can-
cer patients. Key covariates accounted in regression models
were as follows; Model I: adjusted for age, sex, physical activi-
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ty, smoking, height, serum total-C, serum total triglyceride and
fasting glucose, Model Il: Model | + energy intake and Model
IIl: Model Il + comorbidities which are the presence of CVD (n
= 22), arthritis (n = 3), COPD (n = 15), asthma (n = 4) or hy-
pertension (n = 50). These covariates were chosen as potential
confounders of the association between hyperglycemia/hyper-
cholesterolemia and muscle mass. Since lean body mass was
initially standardized to body weight, the height was adjusted
for the analysis. With these characterized models further anal-
yses were performed to estimate beta coefficient, 95% Cls for
percent lean body mass by quartiles of serum total-C, taking
the lowest quartiles group as the reference group, in male and
female subjects separately. Quartiles of serum total-C were
categorized for male as follows: 1st quartile (Q1): total-C < 161,
2nd quartile (Q2): 161 < total-C < 180, 3rd quartile (Q3): 180
< total-C < 211, 4th quartile (Q4): total-C > 211, for female as
follows: Q1 total-C < 145, Q2:145 < total-C < 182.5, Q3:182.5
< total-C < 208, Q4:total-C > 208, and for whole subjects (both
male and female) as follows: Q1:total-C < 156, Q2:156 < total-
C < 180, Q3:180 < total-C < 209, Q4:total-C > 209. A p value
of less than 0.05 was considered statistically significant.

Initially data of skeletal muscle mass and related outcomes
were compared between cancer patients and non-diabetic
subjects without cancer (Table1). The mean age of cancer pa-
tients was higher than that of healthy non-cancer subjects (p
< 0.0001). The body weight and BMI were not different betwe
en two groups but the lean body mass (p = 0.0004) and ap-
pendicular lean body mass (p < 0.0001) were significantly low
in cancer patients. The level of HbAlc, fasting glucose, total-
C, HDL-C, TG and BUN was not different between cancer
patients and non-cancer subjects. Also overall nutrient intake
except for carbohydrate consumption was lower in cancer
patients compared to non-cancer subjects. The number of
subjects who performed physical activity designed for muscle
enhancement was not different between two groups. The
frequency ratio of the presence of alcohol drinking and the
history of cigarette smoking in cancer patients were less than
non-cancer subjects (p < 0.0001 for both parameters).

Table 2 shows results from simple correlation test between
lean body mass and variables which could affect skeletal
muscle before any adjustment was made for the weighted
data. The simple correlation analysis revealed that the height,
the level of BUN, the intake of energy and nutrients (protein,
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Baseline characteristics of study subjects

Variables

Age
Sex
Male
Female
Body weight, kg
Height, cm
BMI, kg/m’
Presence of obesity
Lean
Normal
Obese
Lean body mass, %
Appendicular lean body mass, %
HbA1c, %
Fasting glucose, mg/dL
Total-C, mg/dL
HDL-C, mg/dL
TG, mg/dL
BUN, mg/dL
Total energy intake, kcal/day
Protein intake, g/day
Carbohydrate intake, g/day
Fat intake, g/day
Alcohol intake®
Yes
No
Cigarette smoking”
Yes
No
Physical activity®
Yes
No

HbA1c: hemoglobin Alc, Total-C: total cholesterol, HDL-C: high density lipoprotein cholesterol, TG: triglyceride, BUN: blood urinary nitrogen.

Cancer patients
(n=179)

53.59 + 1.05"

66 (33.7)"

113 (66.3)
61.87 + 0.96
160.23 + 0.84
24.06 + 0.33

6 (4.52)
108 (58.27)
65 (37.21)
65.37 + 0.75
26.68 + 0.42
5.91+0.13
9743 +1.23
184.86 + 3.67
51.16 + 1.38
138.76 + 9.30
14.34 £ 0.49

1680.46 + 62.83

58.28 + 2.46
304.01 + 12.08
28.69 + 1.80

79 (47.7)
100 (52.3)

6 (4.7)
173 (95.3)

40 (21.8)
139 (78.2)

Subjects without cancer

(n =14172)
48.61 £ 0.20

6064 (49.3)
8108 (50.7)
63.54 + 0.12
163.16 + 0.10
23.77 + 0.03

517(3.44)
9133 (63.70)
4522 (32.86)
68.05 + 0.11
28.54 + 0.06
5.94 + 0.04
95.72 + 0.19

191.01 + 0.39
52.00 + 0.15
140.65 + 1.30
14.23 + 0.05
1988.85 + 10.54
71.00 + 0.50
323.21 £ 1.72
38.04 + 0.39

10123 (75.7)
4049 (24.3)

2947 (25.4)
11225 (74.6)

3571 (27.8)
10601 (72.2)

(p value)
< 0.0001
0.0016

0.0850
0.0006
0.4034
0.4868

0.0004
< 0.0001
0.4577
0.1701
0.0951
0.8101
0.8398
0.8186
< 0.0001
< 0.0001
0.1137
< 0.0001
< 0.0001

< 0.0001

0.1Mm4

o,

Significance™

"Mean (S.E); N (%0); Lean BMI < 18.5, Normal: 18.5 < BMI < 25, Obese: 25 < BMI: *Alcohol drink: drink alcohol more than one time per month (Yes) or not (No);
'Cigarette smoking: smoked more than five packs of cigarettes in the past (Yes) or no history of smoking (No); *Physical activity: Any physical activity designed
for muscle mass enhancement last week; * For the comparison with non-cancer healthy subjects the t-test was used for continuous variables and the chi-

square test for categorical variables.

carbohydrate, fat) were positively correlated with percent lean
body mass in both cancer patients and non-cancer subjects.
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The lean body mass and the level of total-C was negatively
correlated both in cancer patients (r = -0.2765, p < 0.0001)

129



[

Han JE et al.

Correlation of percent lean body mass and factors related to energy metabolism in cancer patients, KNHANES 2008-2011

Cancer patients

Variables (n =179)
Coefficient”

Age 01111
Body weight -0.2043
Height 0.4831
BMI -0.5663
HbATc 0.1117
Fasting glucose -0.0082
Total-C -0.2765
HDL-C -0.1056
TG -0.0611
BUN 0.1410
Total energy intake 0.2236
Protein intake 0.1873
Carbohydrate intake 0.1924
Fat intake 0.0760

Subjects without cancer

(n =14172)

p-value Coefficient p-value
0.0412 -0.0489 < 0.0001
0.0008 -0.0010 0.8818
< 0.0001 0.4878 < 0.0001
< 0.0001 -0.3983 < 0.0001
0.3718 -0.0401 0.015
0.9060 -0.0224 0.0018
< 0.0001 -0.1710 < 0.0001
0.1692 -0.0120 0.1167
0.3771 0.0069 0.3364
0.0407 0.08M < 0.0001
0.0004 0.3119 < 0.0001
0.0033 0.2453 < 0.0001
0.0025 0.2537 < 0.0001
0.2367 0.1974 < 0.0001

BMI: body mass index, HbA1c: hemoglobin Alc, Total-C: total cholesterol, HDL-C: high density lipoprotein cholesterol, TG: triglyceride, BUN: blood urinary nitrogen.
"Pearson’s correlation test was used to explore simple correlation of percent lean body mass and health related continuous variables.

and in non-cancer subjects (r = -0.1710, p < 0.0001). Correla-
tion between lean body mass and age was positive in cancer
patients (p = 0.0002) while negative correlation was observed
in non-cancer subjects.

Three linear regression models for cancer patients were
developed using the variables which showed relatively high
level of correlation coefficient with lean body mass in order
to explore the main predictor of lean body mass in cancer
patients (Table 3). First linear model (Model I) demonstrated
that sex, physical activity and total-C were significantly asso-
ciated with lean body mass. However weak or no association
was observed between lean body mass and fasting glucose (p
= 0.0948) or serum triglycerides (p = 0.2692). After nutrient
intakes (energy, carbohydrate, protein and fat intake) were ad-
justed (Model Il) the energy and carbohydrate intake were sig-
nificantly associated with lean body mass while the direction
of these associations were opposite each other. The associa-
tion of lean body mass with sex, physical activity, total-C, to-
tal energy intake and carbohydrate intake was still significant
after accounting for diabetes-related comorbidities (Model I1).
When the use of cholesterol lowering drugs (daily use) was
incorporated in the model the association between lean body
mass and total-C or other variables were not affected. (data
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not shown). However the effect of total energy intake and
carbohydrate on the lean body mass was disappeared after
adjusting for HDL-C (data not shown). Also same regression
models were tested for appendicular lean body mass (Table
3) and the association between total-C and appendicular lean
body mass was same as seen in the models for total lean body
mass with higher R” value for all three regression models (R* =
0.6521, 0.6676, and 0.6712 for Model I, Il, and IlI, respectively).

Since sex, physical activity and the total-C were significant-
ly associated with percent lean body mass at the total body
including appendicular sites in all linear regression models, the
relationship was further analyzed within same sex by quartiles
of total-C (Table 4). Male cancer patients were getting lower
lean body mass compared to reference (the lowest quartile of
total-C) by increased quartiles of total-C in all three regression
models but the trend was not significant. In female cancer pa-
tients only the highest quartile (total-C > 208 mg/dL) of total-
C had significantly lower percent lean body mass compared
to reference in models adjusted for physical activity (Model
l), the nutrient intake (Model II) and in fully adjusted model
(Model Ill). For whole subjects including both male and female
all three higher quartiles of total-C versus reference were also
associated with significantly lower lean body mass in all three

http://dx.doi.org/10.7762/cnr.2016.5.2.126
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Linear regression model for the association of serum total cholesterol with percent lean body mass in cancer patients

Estimate” Standard error p-value Adjusted R Root MSE
Total lean body mass

Model I 0.5778 4.8983
Sex -11.4129 1.4145 < 0.0001
Physical activity 2.2150 0.8955 0.0137
Total-C -0.0417 0.0110 0.0002

Model II* 0.5920 4.8783
Sex -12.1336 1.4318 < 0.0001
Physical activity 2.0460 1.0137 0.0441
Total-C -0.0428 0.0107 < 0.0001
Total energy intake -0.0082 0.0035 0.0203
Carbohydrate 0.0351 0.0137 0.0104

Model III° 0.5964 4.8531
Sex -11.7404 1.5568 < 0.0001
Physical activity 2.2875 1.0568 0.0309
Total-C -0.0440 0.0106 < 0.0001
Total energy intake -0.0080 0.0035 0.0195
Carbohydrate 0.0334 0.0137 0.0132

Appendicular lean body mass

Model | 0.6521 2.4289
Sex -6.4288 0.7843 < 0.0001
Physical activity 1.1929 0.4836 0.0139
Total-C -0.0147 0.0058 0.0117

Model Il 0.6676 2.3903
Sex -6.5307 0.8177 < 0.0001
Physical activity 0.7318 0.5245 0.1636
Total-C -0.0151 0.0056 0.0077
Total energy intake -0.0056 0.0017 0.0011
Carbohydrate 0.0230 0.0066 0.0005
Protein 0.0313 0.0147 0.0341
Fat 0.0397 0.0190 0.0372

Model Il 0.6712 2.3780
Sex -6.3680 0.8823 < 0.0001
Physical activity 0.8211 0.5337 0.1245
Total-C -0.0145 0.0053 0.0066
Total energy intake -0.0055 0.0016 0.0008
Carbohydrate 0.0227 0.0063 0.0004
Protein 0.0307 0.0147 0.0377
Fat 0.0404 0.0188 0.0319

"Beta coefficient after adjustment has been made in each regression model; ‘Model I: adjusted for age, sex, physical activity, smoking, height, serum total cho-
lesterol (total-C), serum triglyceride and fasting glucose; "Model Il: Model | + energy intake (total energy intake, total carbohydrate intake, total fat intake, total
protein intake); *Model Ill: Model Il+ comorbidities (the presence of either CVD, arthritis, COPD, asthma or hypertension).
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The association of quartiles of total cholesterol with lower lean body mass in cancer patients
Male Female Total
Total lean body mass
Model I
7" Quartile Ref Ref Ref
2" Quartile +3.40" (-0.39, 7.19) -0.46 (-0.88, -0.04)" -0.26 (-1.30, 0.78)
3 Quartile -0.65 (-5.45, 4.15) -0.67 (-1.61,0.28) -1.20 (-1.79, -0.60)"
4" Quartile -2.60 (-6.38, 1.18) -3.04 (-3.49, -2.59)' -315 (-3.58, -2.73)"
Model II*
17" Quartile Ref Ref Ref
2" Quartile +3.00 (-119, 7.20) -0.43 (-0.89, 0.03) -0.98 (-1.91, -0.05)"
3" Quartile -0.05 (-5.27, 5.18) -0.23 (-1.10, 0.63) -1.13 (-1.63, -0.64)"
4" Quartile -1.84 (-5.77, 2.08) -3.08 (-3.41, -2.74)! -3.14 (-3.44, -2.84)
Model III°
17 Quartile Ref Ref Ref
2" Quartile +3.14 (-1.43, 7.70) -0.23 (-0.58, 0.13) -0.85 (-1.78, 0.07)
3" Quartile +1.38 (-3.61,6.37) -0.20 (-1.00, 0.59) -1.07 (-1.56, -0.58)"
4" Quartile -1.21 (-5.38, 2.96) -3.37 (-3.75, -2.99) -3.23 (-3.62, -2.83)'
Appendicular lean body mass
Model I"
17 Quartile Ref Ref Ref
2" Quartile -0.05 (-0.27, 0.18) +2.37 (0.03, 4.70) -0.28 (-1.95, 1.38)
3 Quartile -0.26 (-0.80, 0.28) +0.29 (-2.67, 3.25) -0.37 (-2.09, 1.34)
4" Quartile -1.47 (-1.70, -1.24)" -0.07 (-2.72, 2.58) -1.81(-3.23,-0.38)"
Model II*
17" Quartile Ref Ref Ref
2" Quartile -0.09 (-0.32,0.14) +2.67 (0.34, 5.00) -0.21 (-2.04, 1.62)
3 Quartile -0.05 (-0.51, 0.42) +0.85 (-1.94, 3.64) -0.16 (-1.99, 1.67)
4" Quartile -1.48 (-1.65, -1.31)° +0.66 (-1.79, 3.11) -1.49 (-2.93, -0.05)"
Model II°
7" Quartile Ref Ref Ref
2" Quartile +0.04 (-0.15, 0.23) +2.67 (1.01, 4.33)" +0.19 (-1.37, 1.74)
3 Quartile +0.03 (-0.43, 0.50) +1.86 (-0.43, 4.16) +0.05 (-1.71, 1.80)
4" Quartile -1.54 (-1.71, 1.37)" +1.20 (-0.72, 3.12) -1.42 (-2.75, -0.10)"

“Beta coefficient with 95% confidence intervals was shown; "Model I: adjusted for age, gender, physical activity, smoking, height, serum total cholesterol (total-C),
serum triglyceride and fasting glucose; *Model II: Model | + energy intake (total energy intake, total carbohydrate intake, total fat intake, total protein intake);
*Model Ill: Model Il + comorbidities (the presence of either CVD, arthritis, COPD, asthma or hypertension), For male: 1* quartile: total-C < 161, 2" quartile: 161 <
total-C < 180, 3" quartile: 180 < total-C < 211, 4" quartile total-C > 211, For female: 1st quartile: total-C < 145, 2nd quartile: 145 < total-C < 182.5, 3rd quartile:
182.5< total-C < 208, 4th quartile total-C > 208, For total subjects: 1st quartile: total-C< 156, 2nd quartile: 156 < total-C < 180, 3rd quartile: 180 < total-C <
209, 4th quartile total-C > 209; "p < 0.05; 'p < 0.001 compared to reference group of total-C within same sex or total subjects.

tested regression models. When these regression models were patients showed significantly lower lean body mass compared
tested (Table 4) for appendicular lean body mass male cancer to reference in the highest quartile (total-C > 211 mg/dL) of
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total-C (p < 0.0001). In whole subjects only the highest quar-
tile (total-C > 209 mg/dL) of total-C had significantly lower
appendicular lean body mass compared to reference in all
three regression models (p < 0.05).

The loss of muscle mass is associated with decreased
muscle strength, consequently, and negatively impacting
functional muscle capacity, and leads increased mortality
[12,21,22]. Also subjects with sarcopenia have higher risk of in-
fection than older patients with a normal skeletal muscle mass
[23,24]. Cancer patients usually experience progressive weight
loss accompanied with reduction of lean body mass which
is responsible for a poor quality of life and poor response to
chemotherapy with a shorter survival time than in cancer
patients without weight loss [24,25]. In this study percent lean
body mass was relatively low in cancer patients compared
to non-cancer subjects without significant difference in BMI
or body weights indicating the change of body composition
toward a decrease of skeletal muscle mass in cancer patients.
Also the results showed that sex and physical activity were
associated with lean body mass in cancer patients and were
consistent with well-established findings from previous stud-
ies which supported the difference of skeletal muscle mass by
sex and the response of skeletal muscle to exercise or the level
of physical activity in normal healthy subjects [26,27]. On the
other hand, the muscle loss by aging has been well evidenced
by past studies [23,24,27] but aging induced muscle loss
was not observed in cancer patients of this study and rather
positive correlation was observed between muscle mass and
aging. These results implicate that decreased muscle mass in
cancer patients is likely due to metabolic alteration specific to
cancer at the age of their iliness and is different than gradual
downfall of muscle mass by aging process.

Of many other parameters which were found to be correlat-
ed with skeletal muscle mass in this study total-C was an only
serum factor showing consistently negative association with
lean body mass in cancer patients. Serum cholesterol has been
reported to be responsible for incidence or progression of
cardiovascular diseases and metabolic disease such as cancer
[28-30]. Studies reported that men with low serum cholesterol
had a lower risk of prostate cancer [28] and the long-term use
of cholesterol lowering drugs attenuated the progression of
prostate cancer [29]. Also the low level of serum total-C was
positively associated with the incidence of high grade prostate

http://dx.doi.org/10.7762/cnr.2016.5.2.126

.

cancer and the risk was higher in subjects with higher BMI
[30]. In regards to the role of cholesterol on muscle mass, so
far, there have been no human studies which specify the role
of cholesterol in muscle mass of cancer patients. However,
numerous experimental studies suggest that the increase of
serum total-C is attributed in reduced lipoprotein lipase (LPL)
activity in cancer [31-33] which mediates decreased cellular
uptake of fatty acids by hydrolysis of lipoproteins and is as-
sociated with hypertriglyceridemia, and hyperlipidemia ac-
companied with weight loss [34]. Also lower levels of serum
TG, glycerol and free fatty acids have been observed in cancer
patients with cachectic conditions [33,34] though the LPL
activity was not determined in these studies. In our current
study two higher quartiles of serum total-C were negatively
associated with lean body mass in the regression models with
quartile level of total-C for estimation of skeletal muscle mass
of cancer patients. This result suggests that uncontrolled cata-
bolic conditions of cancer patients underlie both decreased
lean body mass but increased serum level of cholesterol.

In this study the pattern of relationship between lean body
mass and quartile of total-C was different between male and
female cancer patients. Though the results were not signifi-
cant the trend that proportional decline in lean body mass by
the level of serum total-C was more noticeable in male sub-
jects than female subjects who showed dramatic downfall of
muscle mass only in bearing with highest level of total-C (more
than 208 mg/dL). In appendicular lean body mass, however, a
subtle change of muscle mass was observed in male subjects
and whole subjects in the other two quartile levels of total-C
which considered normal range of serum total-C value. There
is no obvious reason to explain differences between male and
female but also it's difficult to judge whether such difference
is reliable in limited number of subjects within each quartile
group. Nevertheless the differences in the amount and distri-
bution of skeletal muscle between men and women could be
a part of this result. For example skeletal muscle in lower limb
took part greater proportion of appendicular lean body mass
in male than in female and then muscle strength (i.e., handgrip
strength) was associated with less amount of appendicular
lean body mass in women [35]. Furthermore, since sex-related
differences exist in the rate of weight loss [26,27], the re-
sponse of skeletal muscle to substances from blood circulation
(e.g., steroid hormone, systemic lipid or cytokines) or nutrient
changes might be different between male and female.

In this study energy or nutrient consumption was associ-
ated with muscle mass but when other disease factors were
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adjusted the effect of dietary factors were disappeared. Since
24h recall data from this cross-sectional KNHANES did not
precisely reflect nutrient consumption, further incorporation
of data from food frequency questionnaire (FFQ) will give
more reliable information about the nutritional status of the
subjects. However, results from regression analyses in this
study are supported by previous findings that the dietary
factor is not the only factor accounting for muscle loss [36-
38]. There are numerous evidences that, rather than change
of nutrient intake, more of systemic inflammation induced by
tumor cell derived cytokines disturb metabolic balance under
cachexia [36-38]. In addition, studies with cancer patients suf-
fering from muscle loss reported that metabolic alterations
including elevated carbohydrate utilization and decreased fat
stores in cancer patients were mainly due to increased lipolysis
rather than reduced lipid biogenesis [32,33]. Also if nutrient
supply is low then this would be represented by blood param-
eters but, in this study, the level of blood glucose or serum
triglycerides was not different between cancer patients and
non-cancer subjects and their associations with lean body
mass in regression models were not significant. Furthermore,
incorporation of the parameter which indicate the use of lipids
lowering drugs did not affect the power of the model (R value
in model Ill, 0.5964 vs. 0.5967) and did not change the value
or significance of the beta coefficient for selected variables in
the model (data not shown). Taken together these data indi-
cate that loss of skeletal muscle mass in cancer patient is re-
lated to the dysregulated metabolic changes more likely than
supply aspect.

The study also has limitations. First, we cannot conclude
that all cancer subjects in this KNHANES study were expe-
riencing muscle loss but also cannot generalize the finding
of this study as the general phenomenon of cancer patients.
However, many cancer patients (more than 50%) experience
muscle wasting [35,39,40] and patients with weight loss, even
at 15% loss, are related to the reduced survival time of cancer
patients due to the loss of respiratory function or circula-
tion capacity [40]. Second, the number of cancer subjects in
KNHANES data was small and the data were analyzed from
mixed subjects who suffered from various types of cancer
so the findings from such small and mixed pool may hardly
reflect common features of cancer patients. In spite of weak
regression coefficients the association between total-C and
total lean body mass was consistent throughout all possible
regression models in this study. Hence, the data from this
study could provide applicable foundation for future study of
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metabolic characteristics and skeletal muscle or muscle func-
tion only specific to cancer patients. Concerning several ben-
eficial roles of skeletal muscle in energy metabolism, further
identification of mechanisms and mediators of skeletal muscle
loss under cancer iliness would help developing early nutrition
interventions to prevent further muscle wasting and to im-
prove survival in cancer patients. Last, a type of cancer, stage
of cancer should be accounted for the future analysis.

This study was performed to explore the independent rela-
tionship of serum lipids with relative lean body mass in non-
diabetic cancer patients by utilizing KNHANES data from
2008-2011. In Korean cancer patients higher level of serum
total-C was negatively associated with total and appendicular
lean body mass (p < 0.0001) after adjusting key covariates
(sex, age, physical activity, comorbidity, and energy intake etc.)
while the correlation or the association of the other blood pa-
rameter (fasting glucose, HoA1c, BUN, and TG) with lean body
mass were not statistically significant. However the effect of
total-C was consistently significant in various linear regres-
sion models for estimation of skeletal muscle mass in cancer
patients while the effects of nutrient consumption on lean
body mass were disappeared after adjusting comorbidities of
cancer patients. When linear regression models were tested
with a quartile of total-C the higher quartile of total-C had
lower lean body mass than reference quartile within male and
female group of cancer patients and in whole subjects. These
data suggest that the level of cholesterol can be the potential
indicator of the loss of skeletal muscle in cancer patients and
the data can be referred to a nutrition care of cancer patients
with cachexia or parenteralfenteral nutrition. Causality of the
findings in this study needs to be investigated in longitudinal
study with large pool of subjects and the type or stage of
cancer should be specified in future study.
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