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Abstract

Background Dysfunction of cholesterol metabolism may be associated with low skeletal muscle mass. This study
aimed to explore the relationship between skeletal muscle mass and cholesterol metabolic disorders in adults.

Methods The data of a total of 5949 people with complete medical history data, biochemical data and body compo-
sition analysis were recruited. According to the serum cholesterol, low density lipoprotein (LDL), high density lipopro-
tein (HDL) and nonHDL, the population was divided into a disorder group and a normal group. Independent sample
t tests, chi-square tests, Pearson’s correlation analyses and binary logistic regression analyses were used to study

the effect of body composition on abnormal cholesterol metabolism. According to BMI and sex, the population

was divided into different subgroups, and binary logistic regression analysis was used to study the effect of the skel-
etal mass ratio on cholesteral metabolic disorders in different subgroups.

Results There were significant differences in sex, alcohol consumption, body weight, BMI, skeletal muscle mass index
(SMI) [total skeletal muscle mass (kg)/height 2 (m2)] and skeletal muscle mass ratio (SMR) [total skeletal muscle mass
(kg)/weight (kg) *100] between the disorder group (hypercholesterolemia, hyper-LDL, lower-HDL and hyper-nonHDL)
and the normal group. Pearson correlation analysis revealed that the SMR was negatively correlated, while the SMI
was positively correlated with cholesterol metabolic disorders in both sexes. The overweight group was older and had
a greater SMI, abnormal cholesteral metabolism ratio and lower SMR than the normal-weight group. In the normal-
weight group, the SMR was an independent protective factor against different kinds of cholesteral metabolic
disorders in both sexes, while the SMI was a risk factor. In the overweight subgroup, the protective effect on HDL

and nonHDL metabolism remained in the male subgroup but disappeared in the female subgroup. However, the SMI
was an independent risk factor for different kinds of cholesteral metabolic disorders in both sexes.

Conclusions SMR was an independent protective factor against cholesterol metabolic disorders in both males

and females, especially in the normal weight group. SMI was an independent risk factor, especially in the overweight
group.
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Introduction

Serum cholesterol and its lipoprotein carriers (low
density lipoprotein [LDL], very low-density lipopro-
tein [VLDL], and high density lipoprotein [HDL]) are
known to be related to ASCVD. Hypercholesterolemia
is an independent risk factor for atherosclerotic cardi-
ovascular disease (ASCVD) [1]. In China, the number
of patients with ASCVD and hypercholesterolemia is
increasing, and the age of onset is becoming younger,
which may be related to genetics, modern diet, work
and rest patterns [2, 3]. Current treatments for hyper-
cholesterolemia include lifestyle modification and drug
therapy [4]. However, drug therapy has side effects [5],
some of which can be severe. How to reduce serum
cholesterol by physiological means has become an
important issue.

Emerging research suggests that exercise could mod-
ulate cholesteral metabolism mainly in obese adults
[6] or those with metabolic disorder syndromes such
as diabetes [7]. Recent studies have shown that skel-
etal muscle also has an important effect on metabolic
disorders. A decrease in skeletal muscle mass may be
associated with significant metabolic consequences for
older adults [8]. Associations between skeletal muscle
mass and metabolic syndrome [9, 10], insulin resistance
[10], and inflammation [11] have been reported. Several
investigations have suggested that low skeletal muscle
mass increases the risk of metabolic syndrome [10] and
a metabolically obese phenotype over time [12]. These
results prove that skeletal muscle is involved in metab-
olism and that muscle rain may improve metabolic
disorders.

At present, there is little research on skeletal muscle
evaluation indices related to cholesterol metabolism.
Some studies have shown that the use of CT to detect
abdominal muscle density is associated with meta-
bolic abnormalities; however, CT is not the first choice
for daily monitoring [13]. Body composition analysis
is widely used in health examinations and has no side
effects. The skeletal muscle index (SMI), a muscle index
calculated by body composition analysis, is widely used
to evaluate muscle mass in individuals with sarcopenia.
However, the protective effect of SMI in metabolic dys-
regulation diseases remains to be discussed [14]. The
study found that obese people generally had higher SMI
than the normal population. The skeletal muscle involved
in regulating lipid metabolism results are not consistent.
It may be that SMI is not an effective measure of skeletal
muscle mass. In this study, we used the skeletal mus-
cle rate as an index of evaluation, which has rarely been
mentioned in cholesterol metabolic disorder studies, and
found that it has a protective effect on cholesterol metab-
olism in the Chinese population.

Page 2 of 7

Methods

Study design and data collection

Eighteen- to sixty-year-old adults who underwent medi-
cal examinations at the Shanghai Medical Care Center
from 2022.01 to 2023.09 were included. There were 3698
males and 2466 females who underwent body composi-
tion analysis. Patients who had a full medical history and
blood examination results during the same period were
included. Subjects with hypertension, diabetes, or the
use of lipid-lowering drugs were excluded from the study.
Subjects which taking medications that could affect body
weight or body composition were excluded. After exclud-
ing ineligible patients, 3551 males and 2398 females were
included in the analyses. Ethics approval and consent
to participate: This study was performed in accordance
with the principles of the Declaration of Helsinki and
was approved by the Ethics and Research Committee of
Shanghai Medical Care Center (NO. 2024—04). Informed
consent was waived by our Institutional Review Board
because of the retrospective nature of our study.

Definitions and diagnostic criteria

The diagnostic criteria of hypercholesterolemia was
serum cholesterol > 5.20mmol/l, hyper-LDL was LDL
> 3.37mmol/l, low-HDL was HDL < 1.04mmol/l and
hyper-nonHDL was nonHDL > 4.2mmol/l. As weight
and BMI may be collinear with the SMI and SMR, we did
not include BMI or weight in the multivariable logistic
regression. We divided the population into different sub-
groups according to BMI. Due to the differences in body
size, the overweight standard for Chinese people was
BMI > 24kg/m? and normal weight standard was 18.5 <
BMI < 24.

Body composition analysis

A body composition analyser (InBody 770) which use
BIA to measure weight, fat mass, and skeletal muscle
mass. The skeletal muscle mass index [SMI=total skel-
etal muscle mass (kg)/height? (m?)] and skeletal muscle
mass ratio [SMR (%) =total skeletal muscle mass (kg)/
weight (kg) *100] were obtained.

Clinical and laboratory measurements

All blood samples were obtained in the morning after a
12-h overnight fast for subsequent assays. Serum total
cholesterol was determined enzymatically using a chem-
istry analyser (Roche cobras c702).

Statistical analysis

The data are expressed as the mean + SD, median or
percentage. Differences between groups were tested
using Student’s t test, and the x 2 test was used to
test for differences in the distribution of categorical
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variables. Each variable was examined for a normal dis-
tribution. A correlation analysis of the SMI with other
metabolic variables was conducted. Odds ratios (ORs)
and 95% confidence intervals (CIs). P <0.05 was consid-
ered to indicate statistical significance in all analyses.
All the statistical results were based on two-sided tests.
The data were analysed using SPSS (R27.0.0.0) for Mac.

Results

Characteristics of the subjects

The characteristics of the patients’ basic data are pre-
sented in Table 1. There were 3551 males and 2398
females, and the mean age was 43.6 years. The hyper-
cholesterol ratio was 38.4%, the hyper-LDL ratio was
36.6%, the low-HDL ratio was 17.8%, and the hyper-
nonHDL ratio was 24.3%.

Table 1 Characteristics of the subjects

Characteristic Mean (SD)/Percent (n)

Sex (female) 40.3 (2398)
Age (Y) 43.61+£10.76
Alcohol consumption 429 (2553)
Exercise 51.2 (3045)
Weight (kg) 68.66 + 12.89
BMI (kg/m?) 242143235
SMI (kg/m?) 9.53 4141
SMR 3948 +£3.83
Hyper-TC 38.4 (2284)
Hyper-LDL 36.6 (2175)
Low-HDL 17.8 (1056)
Hyper-nonHDL 243 (1444)
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Characteristics of the normal cholesteral and disordered
cholesteral groups

The characteristics of the groups are presented in Table 2.
The subjects in the cholesteremia disorder group had
greater weight, higher BMI, higher SMI, higher alcohol
consumption rate and lower SMR.

Correlation of the SMI and SMR with cholesteral

Table 3 shows the correlation analysis of several continu-
ous variables and different cholesteral compositions after
stratification by sex. Age, weight, BMI and SMI were pos-
itively related to LDL and nonHDL but negatively related
to HDL in the female group. In male group BMI was pos-
itively related to cholesterol, and nonHDL but negatively
related to HDL. Additionally, the SMR was negatively
related to cholesterol, LDL and non-HDL but positively
related to HDL in both sexes.

Characteristics of the overweight and normal weight
groups in both sexes

As weight and BMI may be collinear with the SMI and
SMR, we did not include BMI or weight in the multivari-
able logistic regression. We divided the population into
different subgroups according to sex and BMI. The char-
acteristics of the overweight and normal weight groups
according to sex are presented in Table 4. In the female
and male subgroups, the participants in the overweight
group were older (40.69+10.69 vs. 44.95+11.01, P <
0.01), had a greater SMI (7.92+0.62 vs. 8.96+0.70, P <
0.01), had a greater cholesteral metabolic disorder ratio
(hypercholesteral: 25.2% vs. 32.6%, P < 0.01, hyper-LDL:
24.2% vs. 36.0%, P < 0.01, low-HDL: 26.4% vs. 65.3%, P <
0.01, hypernonHDL: 25.6% vs. 40.4%, P < 0.01) and had a
lower SMR (37.64+2.71 vs. 34.10 £2.45, P < 0.01). Addi-
tionally, in the male subgroup, the overweight subgroup

Table 2 Characteristics of the normal cholesteral and disordered cholesteral groups

Sex (female, %) Age Alcohol (%) Exercise Weight BMI SMI SMR
normal-TC 409 423+109 41.6% 50.5% 68.2+13.0 240+34 95+14 397438
hyper-TC 394 4564102 45.1% 52.3% 694+£127 245+33 96+14 392+38
P(x? 0.13 <001 0.01 0.10 <001 <001 <0.01 <0.01
normal-LDL 433 426+11.0 41.0% 50.9% 6764130 239+34 94+14 396+£38
hyper-LDL 351 454+£10.1 46.2% 51.7% 705+£125 248+£32 97+£14 393+£38
P(X?) <001 <001 <001 0.29 <001 <0.01 <001 0.04
normal-HDL 45.0 4374+110 40.8% 51.2% 67.1£125 239+32 94+14 394+39
Low-HDL 184 432497 57.1% 51.1% 756+£126 259+33 103413 398+34
P(X? <0.01 0.26 <0.01 0.50 <0.01 <0.01 <0.01 <0.01
normal-nonHDL 44.7 4284109 40.5% 51.1% 674+128 239+£33 94+14 395+£39
hyper-nonHDL 266 46.1+10.0 50.3% 51.3% 725+£124 253+32 100413 394+37
P(X?) <001 <001 <001 045 <0.01 <0.01 <0.01 0.60
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Table 3 Correlation of the SMI and SMR with cholesteral

TC LDL HDL nonHDL
Female
Age r=0.31 r=032 r=-0.10 r=0.35
P<0.01 P<0.01 P<0.01 P<0.01
Weight r=0.04 r=0.11 r=-0.31 r=0.17
P=0.05 P<0.01 P<0.01 P<0.01
BMI r=0.08 r=0.17 r=-037 r=0.24
P<0.01 P<0.01 P<0.01 P<0.01
SMI r=0.01 r=0.07 r=-0.27 r=0.12
P=0.51 P<0.01 P<0.01 P<0.01
SMR r=-0.12 r=-0.18 r=027 r=-0.23
P<0.01 P<0.01 P<0.01 P=0.01
Male
Age r=0.04 r=001 r=-0.01 r=0.04
P=0.01 P=0.63 P=0.69 P=0.01
Weight r=0.03 r=0.01 r=-0.30 r=0.12
P=0.07 P=0.55 P<0.01 P<0.01
BMI r=0.07 r=0.04 r=-0.34 r=0.17
P<0.01 P=0.02 P<0.01 P<0.01
SMI r=0.03 r=-0.00 r=-021 r=0.09
P=0.06 P=0.82 P<0.01 P<0.01
SMR r=-0.09 r=-0.08 r=032 r=-0.18
P<0.01 P<0.01 P<0.01 P<0.01

had a greater alcohol consumption rate (60.8% vs. 65.5%,
P<0.01).

Dual-logistic regression analysis for hypercholesteremia

Dual-logistic regression analysis was performed with
cholesteral metabolic disorder as the dependent varia-
ble, and the ORs and 95% ClIs of other variables, includ-
ing age, alcohol consumption, exercise, SMR and SMI,
were calculated (Fig. 1). In the normal-weight subgroup,
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SMR was an independent protective factor for cho-
lesteral metabolic disorders in female subjects (hyper-
LDL: OR=0.921, 95% CI=0.880-0.964; low-HDL:
OR=0.842, 95% CI=0.716-0.990; hypernonHDL:
OR=0.932, 95% CI=0.877-0.991; Fig. 1B-D) and in
male subjects (hyper-LDL: OR=0.881, 95% CI=0.883—
0.932; low-HDL: OR=0.707, 95% CI=0.641-0.780;
hypernonHDL: OR=0.894, 95% CI=0.837-0.955;
Fig. 1B-D). SMI was an independent risk factor in
males (hyper-TC: OR=1.298, 95% CI=1.053-1.600;
hyper-LDL: OR=1.444, 95% CI=1.168-1.784; low-
HDL: OR=2.085 95% CI=1.442-3.016; hypernon-
HDL: OR=1.337, 95% CI=1.042-1.715; Fig. 1A-D).
However, the SMI was an independent risk factor for
females with only low-HDL disorders (OR=2.658, 95%
CI=1.333-5.301; Fig. 1C). Additionally, age was an
independent risk factor for all kinds of cholesteral met-
abolic disorders in both sexes (Fig. 1A-D).

In the overweight subgroup, SMR was an independ-
ent protective factor for HDL and nonHDL metabolism
in males (low-HDL: OR=0.898, 95% CI=0.867-0.930;
hypernonHDL: OR=0.942, 95% CI=0.910-0.975;
Fig. 1G, H), while SMI was an independent risk fac-
tor for HDL metabolism (low-HDL: OR=1.392, 95%
CI=1.243-1.558). In the female subgroup, the SMI
was an independent risk factor for cholesteral metabo-
lism disorder (hyper-LDL: OR=1.324, 95% CI=1.022—
1.716; low-HDL: OR=2.592, 95% CI=1.787-3.761;
hypernonHDL: OR=1.538, 95% CI=1.144-2.068;
Fig. 1F-H), while an independent protective effect of
SMR did not exist. Age was still an independent risk
factor for different kinds of cholesteral metabolic disor-
ders in both sexes (Fig. 1E-H).

Table 4 Characteristics of the overweight and normal weight groups in both sexes

Female Male

Mean (SD)/Percent (n) P (X2 Mean (SD)/Percent (n) P(X?)

Normal weight Overweight Normal weight Overweight
Number 1753 645 1273 2278
Age, Y 40.69 £ 10.69 4495 +£11.01 <0.01 4399+ 10.98 45.18+£10.18 <0.01
Alcohol 27.4% 324% 0.08 60.8% 65.5% 0.01
Exercise 284% 27.5% 0.616 52.7% 54.8% 0.24
SMI, l<g/m2 792 £0.62 8.96£0.70 <0.01 9.62£0.69 10.83+£0.83 <0.01
SMR 37644271 34.10+245 <001 43374262 40.35+2.66 <001
Hyper-TC 25.2% 32.6% <0.01 33.9% 41.7% <0.01
Hyper-LDL 24.2% 36.0% <001 35.3% 42.1% <001
Low-HDL 26.4% 65.3% <0.01 13.1% 31.4% <0.01
Hyper-nonHDL 25.6% 40.4% <0.01 22.2% 29.9% <0.01




Wang et al. BMC Endocrine Disorders (2024) 24:123 Page 5 of 7

E
MALE OR (95%Cl) P MALE OR (95%Cl) P
SMR H-L 0.950 (0.899-1.004) 0.072  alcohol '_._»t 0.850 (0.711-1.015) 0.073
age 1.025 (1.014-1.037) 0.000 SMR 0.971 (0.940-1.004) 0.086
alcohol —— 1.050 (0.823-1.340) 0.693 sMI —h— 0.974 (0.875-1.084) 0.633
exercise —t— 1.106 (0.871-1.404) 0.409 age 0.994 (0.986-1.003) 0.170
sMmI —_— 1.298 (1.053-1.600) 0.014  oxercise —t— 1.047 (0.884-1.241) 0.593
FEMALE FEMALE
alcohol  F——t—j 0.771 (0.561-1.061) 0.110  exercise F——t—at——i 0.858 (0.618-1.193) 0.363
exercise —tt— 0.902 (0.732-1.111) 0.331 Icohol * $ \ 0.955 (0.596-1.532) 0.849
smi —— 0.923 (0.769-1.106) 0.384 SMR = 0.996 (0.926-1.071) 0.908
SMR Hi 0.986 (0.945-1.073) 0.510 age ] 1.060 (1.043-1.077) 0.000
age | . : , 1.062 (1.051-1.073) 0.000 SsMI [ I 1.154 (0.889-1.500) 0.282
0.5 1.0 15 2.0 05 1.0 15 20
F
MALE OR (95%Cl) P MALE OR (95%Cl) P
SMR H 0.881 (0.833-0.932) 0.000 sMmi 0.944 (0.848-1.051) 0.294
age ) 1.012 (1.000-1.023) 0.041 alcohol 0.976 (0.818-1.165) 0.787
exercise —— 1.018 (0.804-1.290) 0.880 SMR 0.982 (0.950-1.015) 0.284
alcohol L e — 1.104 (0.868-1.404) 0.422 age 0.991 (0.983-0.999) 0.036
SMI [ —— 1.444 (1.168-1.784) 0.001  exercise 1.129 (0.953-1.338) 0.160
FEMALE FEMALE
alcohol ~ +———— 0.803 (0.576-1.121) 0.197  exercise — 0.905 (0.652-1.256) 0.549
SMR H 0.921 (0.880-0.964) 0.000  alcohol ¢ + 4 0.920 (0.574-1.473) 0.728
exercise [ 2 e | 0.954 (0.766-1.190) 0.679 SMR [ ] 0.946 (0.880-1.017) 0.135
age (] 1.057 (1.046-1.068) 0.000 age L] 1.050 (1.033-1.066) 0.000
SMmI ——— 1.095 (0.902-1.329) 0.360 smi — 1.324 (1.022-1.716) 0.034
I T 1
ofs 1.0 1:5 2}0 0.5 1.0 1.5 2.0
G
MALE OR (95%Cl) P MALE OR (95%Cl) P
SMR % 0.707 (0.641-0.780) 0.000 SMR ] 0.898 (0.867-0.930) 0.000
alcohol 0.896 (0.634-1.267) 0.535 age 0.994 (0.985-1.003) 0.192
age 0.984 (0.969-1.000) 0.050 exercise —— 1.259 (1.050-1.511) 0.013
exercise 1.063 (0.760-1.486) 0.722 alcohol —t—t 1.283 (1.063-1.547) 0.009
SMI —t 2.085 (1.442-3.016) 0.000 SMI HH 1.392 (1.243-1.558) 0.000
FEMALE FEMALE
alcohol  =f=—f—i 0.636 (0.258-1.567) 0.325 SMR H 0.914 (0.821-1.018) 0.101
exercise F—t+—i 0.762 (0.381-1.525) 0.442 age 1.014 (0.988-1.040) 0.286
SMR 0.842 (0.716-0.990) 0.038 alcohol ———————y 1.118 (0.483-2.585) 0.795
age 1.009 (0.977-1.043) 0.576  exercise —l 1.805 (1.018-3.199) 0.043
SMI ' + 4 2.658 (1.333-5.301) 0.006 SMI ey  2.592 (1.787-3.761) 0.000
I T T I 1 T 1
0 2 4 0 1 2 3 4
D
MALE OR (95%Cl) P MALE OR (95%Cl) P
SMR - 0.894 (0.837-0.955) 0.001 SMR W 0.942 (0.910-0.975) 0.001
exercise 0.972 (0.742-1.275) 0.839 alcohol —H— 0.942 (0.783-1.133) 0.527
age 1.025 (1.012-1.038) 0.000 age 0.994 (0.985-1.003) 0.167
smi —————i 1.337 (1.0421.715) 0.023 SMI [ 1.086 (0.973-1.213) 0.142
alcohol —_— 1.360 (1.035-1.788) 0.027 exercise —t 1.255 (1.052-1.498) 0.012
FEMALE FEMALE
Icohol + 0.797 (0.517-1.229) 0.305 alcohol  F——t=———t—{ 0.729 (0.431-1.230) 0.236
SMI —t— 0.867 (0.670-1.122) 0.279  exercise F——f—t——i 0.881 (0.601-1.293) 0.518
SMR - 0.932 (0.877-0.991) 0.025 SMR H 0.947 (0.872-1.030) 0.204
exercise — 0.991 (0.740-1.327) 0.952 age . 1.062 (1.041-1.083) 0.000
age l " i I1.076 (1.060-1.092) 0.000 SMI ————y 1.538 (1.144-2.068) 0.004
T T T 1
0.5 1.0 15 20 0.5 1.0 15 2.0 25

Fig. 1 Forester map of logistic regression results. A Logistic regression results in the normal-weight group with hyper-TC. B Logistic analysis
of hyper-LDL levels in the normal-weight group. C Logistic analysis of low-HDL-C levels in the normal-weight group. D Logistic analysis

of hypernon-HDL-C in the normal-weight group. E Logistic results in the overweight group with hyper-TC. F Logistic results in the hyper-LDL
overweight group. G Logistic results in the overweight group with low HDL. H logistic results in the overweight group of hypernon-HDL

Discussion the SMI (skeletal muscle index, kg/m?)=total skeletal
In this cross-sectional analysis, we found that cholesterol ~ muscle mass (kg)/height? (m?) seemed to be an inde-
metabolic disorders were associated with skeletal muscle  pendent risk factor. Overall, our findings have clinical
mass. We used the skeletal muscle rate (SMR, %)=total relevance and suggest that changes in the skeletal muscle
skeletal muscle mass (kg)/weight (kg) *100 as an indica-  rate may contribute to lower levels of serum cholesterol
tor of skeletal muscle mass and found that it was an inde-  and the risk of metabolic disease.

pendent protective factor against cholesterol metabolic Current research on exercise and health improvement
disorders, especially in normal weight subjects. However,  has focused mainly on weight loss [15, 16]; some people
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lose weight through dieting but still have lipid metabo-
lism disorders or steatohepatitis [17]. In this study, we
found that in cholesterol metabolic disorder groups,
hyper-TC, hyper-LDL, low-HDL and high-nonHDL sub-
jects with a normal BMI also had hypercholesterolemia,
and these people had a lower proportion of skeletal mus-
cle. These findings demonstrated that skeletal muscle
improvement plays an important role in the regulation of
lipid metabolism disorders. Several studies have shown
that adipose tissue is necessary for the development and
regeneration of normal muscle mass and strength [18,
19]. Brown adipose tissue can be activated by myokines
secreted by skeletal muscle tissue after exercise [20].
These studies revealed a relationship between lipid
metabolism and skeletal muscle.

The SM/height® (SMI) has been widely used to assess
sarcopenia [21, 22]. However, in the study of metabolic
disorders, the SMI was not a protective factor, as it was
positively correlated with glucose and lipid metabolism
disorders [14]. In our study, the SMI was greater in the
cholesteral disorder groups and was positively corre-
lated with cholesteral metabolism disorders. In both
sex subgroups, the SMI was significantly greater in the
overweight group than normal weight group. In the
normal-weight group, the SMI was an independent risk
factor in the male subgroup, while in the overweight sub-
group, the effect only existed in the low-HDL subgroup.
In the female subgroup, the SMI was an independent risk
factor according to the low-HDL analysis in the normal-
weight group, while in the overweight group, it was an
independent risk factor according to the hyper-LDL, low-
HDL and hypernonHDL analyses. This may be because
of skeletal muscle hypertrophy, as the SMI was signifi-
cantly greater in the overweight group [23, 24]. Stud-
ies have used X-rays to detect muscle mass and density,
which supports this hypothesis [13].

Unlike the SMI, the SMR was proven to be a protec-
tive factor against cholesterol metabolic disorders and
could be used to measure lipid metabolic disorders. The
SMR was an independent protective factor against dif-
ferent kinds of cholesterol metabolic disorders in both
the female and male subgroups of normal-weight sub-
jects. In the female subgroup, the SMR reduced the inci-
dence of hyper-LDL by 7.9%, the incidence of low-HDL
by 15.8% and the incidence of hypernonHDL by 6.8% in
normal-weight subjects. In the male subgroup, the pro-
tective effect of SMR was even greater (11.9% decrease in
the incidence of hyper-LDL, 29.3% decrease in the inci-
dence of low-HDL, and 10.6% decrease in the incidence
of hypernonHDL). Additionally, in overweight subjects,
the protective effect of SMR existed in the male sub-
group (10.2% decrease in the incidence of low HDL, 5.8%
decrease in the incidence of hypernonHDL), while in the
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female subgroup, no independent protective effect was
found. The results showed that SMR was an independent
protective factor against cholesterol metabolic disorders,
especially in the normal-weight population, and had a
greater protective effect on HDL metabolism.

At present, exercise guidance for blood lipid regulation
in hypercholesterolaemia patients is still mainly based
on weight loss [25]. Research on sarcopenia has focused
mainly on older and obese people [26, 27], with fewer
studies on young and middle-aged people or people of
normal weight. In this study, we found that even in nor-
mal-weight subjects, there was also a high incidence of
hypercholesterolemia. These people were older, had rela-
tively greater BMIs and SMIs and had lower SMRs. These
results proved that skeletal muscle was important for
cholesteral metabolism, especially in the normal-weight
group, and that the SMR was a protective factor against
skeletal muscle mass. The exercise recommendation for
people with high cholesterol, especially those with nor-
mal BMI, should not only be to reduce fat, but also to
increase muscle training. It may be more conducive to
BMI normal cholesterol metabolism.

Limitations

The population in this study was a healthy physical exam-
ination population, and there was a lack of data on dis-
ease population, so the sample could not represent the
whole population. May exist in the study did not control
other confounding factors, the study on chronic disease
poor generalization in the crowd.

Conclusion

The skeletal muscle rate (SMR) and skeletal muscle index
(SMI) were associated with the incidence of cholesterol
metabolic disorders, and the SMR was an independent
protective factor, while the SMI was an independent risk
factor. The protective effect of SMR existed mainly in the
normal-weight group, and it had the most significant
effect on HDL metabolism.
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