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Background: Myosteatosis, ectopic fat accumulation in skeletal muscle, is a
crucial component of sarcopenia, linked to various cardiometabolic diseases.
This study aimed to analyze the association between dyslipidemia and
myosteatosis using abdominal computed tomography (CT) in a large population.

Methods: This study included 11,823 patients not taking lipid-lowering
medications with abdominal CT taken between 2012 and 2013. Total
abdominal muscle area (TAMA), measured at the L3 level, was segmented into
skeletal muscle area (SMA) and intramuscular adipose tissue. SMA was further
classified into normal attenuation muscle area (NAMA: good quality muscle) and
low attenuation muscle area (poor quality muscle). NAMA divided by TAMA
(NAMA/TAMA) represents good quality muscle. Atherosclerotic dyslipidemia
was defined as high-density lipoprotein cholesterol (HDL-C) less than 40 mg/
dL in men and 50 mg/dL in women, low-density lipoprotein cholesterol (LDL-C)
greater than 160 mg/dL, triglycerides (TG) greater than 150 mg/dL, small dense
LDL-C (sdLDL-C) greater than 50.0 mg/dL, or apolipoprotein B/Al (apoB/Al)
greater than 0.08.

Results: The adjusted odds ratios (ORs) of dyslipidemia according to the HDL-C
and sdLDL definitions were greater in both sexes in the lower quartiles (Q1~3) of
NAMA/TAMA compared with Q4. As per other definitions, the ORs were
significantly increased in only women for LDL-C and only men for TG and
ApoB/Al. In men, all lipid parameters were significantly associated with NAMA/
TAMA, while TG and ApoB/Al did not show significant association in women.

Conclusion: Myosteatosis measured in abdominal CT was significantly
associated with a higher risk of dyslipidemia. Myosteatosis may be an
important risk factor for dyslipidemia and ensuing cardiometabolic diseases.
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1 Introduction

Sarcopenia, traditionally defined as low muscle mass, is
associated with numerous cardio-metabolic disorders, including
atherogenic dyslipidemia (1-3). However, sarcopenia is a more
complex condition that cannot be fully explained by the loss of
muscle mass (4, 5). Recently, it has gained more attention for its
association with muscle strength (4). A lack of muscle strength, a
key characteristic of sarcopenia, can be indirectly assessed through
muscle quality, encompassing changes in skeletal muscle
architecture, composition, and function (5). Indeed, muscle
quality evaluated by muscle fat infiltration (called as
myosteatosis), is emerging as an important measure of
sarcopenia (4, 6-8). Myosteatosis, characterized by ectopic fat
deposition in skeletal muscle, disrupts muscle strength and
metabolism (6-8).

Although muscle biopsy is the gold standard for detecting
myosteatosis, computed tomography (CT) is commonly used to
evaluate muscle quality by measuring fat infiltration in muscle
through muscle attenuation (7). In CT scans, high attenuation
indicates a lower fat content and thus reflects healthy, good-
quality muscle, whereas low attenuation represents a higher fat
content and indicates unhealthy, poor-quality muscle (7). So far,
myosteatosis defined by CT scan has been linked to conditions such
as immobilization, metabolic syndrome, type 2 diabetes, coronary
artery calcification, and nonalcoholic fatty liver disease (NAFLD)
(9-11).

Previous studies, predominantly relying on dual-energy X-ray
absorptiometry (DXA) to measure muscle mass for sarcopenia
assessment, have explored the relationship between sarcopenia
and atherogenic dyslipidemia (12, 13). Individuals with a low
muscle mass index had a higher incidence and risk of atherogenic
dyslipidemia (with low-density lipoprotein cholesterol, LDL-C,
levels higher than the individual risk factor-based target) than
those with a normal muscle mass index (12). Similarly, elderly
Asian men with low skeletal muscle mass measured by DXA
exhibited a higher prevalence and risk of atherogenic
dyslipidemia and an overall worse lipid profile than those with
normal muscle mass (13).

However, research on the association between dyslipidemia and
muscle quality beyond muscle mass is lacking and inconsistent. In a
study of Afro-Caribbean men, calf muscle adiposity was positively
associated with low-density lipoprotein cholesterol (LDL-C) and
inversely associated with high-density lipoprotein cholesterol
(HDL-C) (14). The Multi-Ethnic Study of Atherosclerosis
demonstrated a positive correlation between total abdominal
muscle density and total cholesterol; however, no significant
associations were found with LDL-C, HDL-C, or triglycerides
(TG) (15). Given the heterogeneity in myosteatosis markers and
study populations, findings on the association between myosteatosis
and lipid levels are inconsistent. Therefore, we aimed to reevaluate
the relationship between myosteatosis and atherogenic dyslipidemia
in a large population using CT-measured muscle attenuation.
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2 Materials and methods
2.1 Study population

A total of 23,311 subjects who had undergone abdominal CT
scans as part of routine health check-ups at the Health Screening
and Promotion Center of Asan Medical Center (Seoul, Republic of
Korea) between January 2012 and December 2013 were identified.
Patients meeting one or more of the following criteria were
excluded: those on lipid-lowering medications (n = 2,996), those
with overt thyroid dysfunction (n = 110), and those with chronic
renal insufficiency (estimated glomerular filtration rate < 60 mL/
min/1.73 m?) (n = 42). Furthermore, subjects with hepatic
disorders, cardiovascular disease, malignancy, or those currently
taking glucocorticoids or hormone replacement therapy, as well as
those with excessive alcohol intake (> 30 grams/day in men; > 20
grams/day in women), were excluded. Finally, 11,823 subjects were
included in the analysis (Figure 1).

All participants completed a questionnaire on their medical and
surgical history, medications, and health behaviors such as
smoking, drinking, and exercise. Smoking behavior was
categorized into three groups: current, past, and never smokers.
Drinking habits were quantified in grams/day based on the alcohol
content of the beverage, frequency of drinking, and amount
consumed. Regular exercise was defined as 30 minutes of
moderate-intensity aerobic exercise five days a week, 20 minutes
of vigorous-intensity aerobic exercise three days a week, or
resistance exercises 3 days a week. Hypertension was defined as
having a systolic and/or diastolic blood pressure (BP) of 140/90
mmHg or higher or taking antihypertensive medication. Diabetes
mellitus was diagnosed if any of the following criteria were met;
fasting plasma glucose (FPG) level > 126 mg/dL (7.0 mmol/L),
glycated hemoglobin level (HbAlc) > 6.5%, or current use of anti-
diabetic medication.

This study adhered to the ethical guidelines outlined in the
Declaration of Helsinki and Korea Good Clinical Practice. Written
informed consent was obtained from all subjects. The institutional
review board of Asan Medical Center approved this study (No.
2020-0343).

2.2 Measurements

Height and weight were measured while subjects were wearing
light clothing without shoes. Body mass index (BMI) was calculated
as weight in kilograms divided by the square of height in meters.
Waist circumference (WC, cm) was measured midway between the
costal margin and the iliac crest at the end of a normal expiration.
BP was measured on the right arm after a rest >5 min, using an
automatic manometer with an appropriate cuff size.

After overnight fasting, early morning blood samples were
drawn from the antecubital vein into vacuum tubes and
subsequently analyzed at a central, certified laboratory in Asan
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Subjects aged 20 years or older who underwent abdominal CT for health screening
from2012t0 2013 (n = 23,311)

.

« CVD (n=800)
« Malignancy(n = 568)

Exclusion (numbers may overlap)

+ On lipid-lowering medications (n = 2,996)
« Overt thyroid dysfunction (n = 110)

+ eGFR <60 mL/min/1.73m?2 (n = 42)

Hepatic disorders (liver cirrhosis, positive for hepatitis B or C) (n = 1,080)

« Sex hormone replacement (n = 531)
« Steroid replacement (n = 68)

« Excessalcoholintake (n = 5,488)

Subjects eligible for analysis in this study (n = 11,823)

FIGURE 1
Selection process of the study population.

Medical Center. Measurements included the concentrations of uric
acid, fasting glucose, high-sensitive C-reactive protein (hsCRP) and
lipid parameters including, apolipoprotein B (apoB) and
apolipoprotein Al (apoAl).

Fasting total cholesterol (TC), HDL-C, LDL-C, TG and uric acid
were measured by an enzymatic colorimetric method using a Toshiba
200FR Neo (Toshiba Medical System Co., Ltd., Tokyo, Japan). Serum
apoB and apoAl levels were measured by a turbidometric method
using Cobas Integra C-6000 analyzer (Roche Diagnostics, Basel,
Switzerland). HsCRP was measured by an immunoturbidimetric
method (Toshiba). FPG levels were measured via an enzymatic
colorimetric method using a Toshiba 200 FR autoanalyzer
(Toshiba). Ton-exchange high-performance liquid chromatography
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used to measure
HbA1lc levels. All enzyme activities were measured at 37°C.

2.3 Definition of atherogenic dyslipidemia

Atherogenic dyslipidemia was defined as meeting at least one of
the following three criteria, as per the guidelines of the National
Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel III) (16): low HDL-C < 40 mg/dL in men
and < 50 mg/dL in women, high LDL-C > 160 mg/dL, or high TG >
150 mg/dL.

In addition to the classic dyslipidemia criteria, calculated small
dense LDL-C (sdLDL-C) was determined using the following
equation: 0.580 (non-HDL-C) + 0.407 (dLDL-C) - 0.719 (cLDL-
C) - 12.05, where dLDL-C and cLDL-C represent the directly
measured and calculated LDL-C, respectively, based on the
equation TC - HDL-C - TG/5 (17). Furthermore, apolipoprotein
B (ApoB)/apolipoprotein Al (ApoAl) was measured in 1585
subjects. ApoAl constitutes HDL-C, while ApoB is in very-low-
density lipoprotein, intermediate-density lipoprotein, LDL-C, and
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lipoprotein(a) (18). Thus, ApoB/ApoAl represents the balance
between proatherogenic and antiatherogenic lipoproteins (18).
The sdLDL-C cutoft value of 50.0 mg/dL was used, as established
using samples from the MultiEthnic Study of Atherosclerosis
(MESA) and was based on the 75th percentile value of sdLDL-C
for normolipidemic and dyslipidemic subjects who showed no sign
of coronary heart disease or diabetes mellitus at baseline (19). For
ApoB/Al, 0.80 was used as the cutoff, as suggested in previous
studies (20, 21).

2.4 CT image collection

Abdomen and pelvis CT scans were conducted using the
Somatom Definition scanner (Siemens Healthineers, Erlangen,
Germany), Discovery CT750 HD scanner (GE Healthcare,
Milwaukee, WI, USA), or LightSpeed VCT scanner (GE
Healthcare). All CT examinations were performed with the
following parameters: 120 kVp; automated dose modulation
(CareDose 4D, Siemens Healthineers; automA and smartmA, GE
Healthcare); matrix 512 x 512; and collimation of 0.625 mm. Image
data were reconstructed with a slice thickness of 5 mm using the
filtered back-projection technique and a soft tissue reconstruction
algorithm (B30f kernel; Siemens Healthineers; Standard kernel, GE
Healthcare). For contrast enhancement, 100-150 mL of iopromide
(Ultravist 370 or Ultravist 300; Bayer Schering Pharma, Berlin,
Germany) was intravenously administered using an automatic
power injector.

2.5 Assessment of body composition
and myosteatosis

Body composition was evaluated using automated artificial
intelligence software developed with a fully convolutional network
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segmentation technique. Since muscle mass, as measured by the
lumbar 3rd vertebra (L3) CT, is strongly correlated with whole-
body muscle mass (22), the software was programmed to
automatically select the L3 vertebrae inferior endplate level. The
selected CT images were then segmented automatically to generate
the boundaries of the total abdominal muscle area (TAMA), visceral
fat area (VFA), and subcutaneous fat area (SFA). All muscles within
the selected axial images (including the psoas, para-spinal,
transversus abdominis, rectus abdominis, quadratus lumborum,
and internal and external obliques) were encompassed by TAMA.
An image analyst and a radiologist, blinded to the clinical
information, reviewed all selected CT images and verified the
segmented areas.

TAMA was categorized based on CT density for myosteatosis
measurement: (1) normal attenuation muscle area (NAMA, +30 to
+150 Hounsfield Unit [HU]), representing nonfatty muscle with
minimal intramuscular fat; (2) low attenuation muscle area (LAMA,
—29 to +29 HU), representing fatty muscles with intramuscular lipid
deposition; and (3) intermuscular adipose tissue (IMAT, —190 to —30
HU), representing visible fat tissue located between muscle groups
and muscle fibers (Supplementary Figure S1) (23). The skeletal
muscle area (SMA, —29 to +150 HU) included NAMA and LAMA.
The NAMA/TAMA ratio was calculated by dividing NAMA by
TAMA and multiplying by 100. VFA and SFA were also evaluated
based on specific fat tissue thresholds (=190 to —30 HU).

2.6 Statistical analysis

Statistical analyses were performed for each sex due to the
differences in muscle mass and attenuation value (6, 24).
Continuous variables with normal distributions are shown as
mean + standard deviation, while those with skewed distributions
are shown as median and interquartile range. Categorical variables

10.3389/fendo.2024.1327522

are expressed as numbers (%). One way analysis of variance was
applied to calculate the statistical significance among the quartile
groups (Tables 1, 2), while student’s t-test and chi-square test were
performed to compare two groups (Supplementary Table S2). The
sex-specific quartiles (Q1-Q4) of the NAMA/TAMA index were
applied as the marker for myosteatosis throughout our analyses.
The quartile ranges of the NAMA/TAMA index are presented in
Supplementary Table S1. Multiple logistic regression analyses were
performed to analyze the odds ratios (ORs) and 95% confidence
intervals for dyslipidemia according to HDL-C, LDL-C, TG,
sdLDL-C, and ApoB/Al definitions. The ORs were adjusted for
age, sex, smoking status, alcohol consumption, regular exercise,
hypertension, diabetes mellitus, and VFA/SFA ratio. Menopausal
status was also adjusted in females. Multiple linear regression
analysis with the NAMA/TAMA index as a continuous variable
was also performed. All statistical analyses were performed using
SPSS software version 21.0 for Windows (IBM, Inc., Armonk, NY,
USA). P-values of < 0.05 were considered statistically significant.

3 Results
3.1 Baseline characteristics

Of the 11,823 subjects, 6,434 were men and 5,389 were women,
among which dyslipidemia was present in 4,773 (40.4%). The
baseline characteristics and CT measurements between the
NAMA/TAMA index quartiles are presented in Tables 1, 2 for
each sex. As the NAMA/TAMA quartile increased, the prevalence
of dyslipidemia decreased in both male and female populations. The
higher the NAMA/TAMA quartile, the younger the patients, with
overall favorable metabolic profiles such as lower BMI, WC, BP, and
FPG levels across both sexes. Myosteatosis indices were also the
most favorable in the highest quartile group for both men and

TABLE 1 Comparison of baseline characteristics and CT measurements between the quartiles of the NAMA/TAMA index in males.

Q1 Q2
(n = 1,613)

(n = 1,606)

Q3 Q4
(n = 1,606) (n =1,609)

Dyslipidemia, n (%) 780 (48.6)" 746 (46.2)*" 684 (42.6)™° 618 (38.4)° <0.001

Anthropometric data
Age, years 572+95 539 + 8.4 523 +86 493+ 86 <0.001
Height, cm 170.8 + 6.0 170.8 + 5.8 170.5 + 5.6 170.3 5.7 0.073
Weight, kg 75.0 = 11.3 71.7 £ 9.0 70.1 + 8.4 67.1 %85 <0.001
BMI, kg/m? 25.7 + 3.1 245 + 2.6 241 +2.4 231425 <0.001
WC, cm 91.7 + 8.1 87.7 + 6.5 85.7 + 6.3 81.9 + 7.0 <0.001
SBP, mmHg 1262 + 13.7 124.4 + 127 123.1 + 12.9° 121.9 + 12.5° <0.001
DBP, mmHg 80.4 + 10.5 79.8 + 9.9 78.8 + 10.1° 78.0 + 9.8" <0.001
Skeletal muscle mass, kg 313 +42° 312 +3.7*° 312 + 3.6 30.8 + 3.6 0.003
Body fat mass, kg 19.0 + 6.3 16.1 + 4.5 14.7 + 4.0 12.4 + 4.1 <0.001

(Continued)
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P-value
Biochemical data
Fasting glucose, mg/dL 103.3 + 19.6 101.5 £ 18.6 99.7 £ 16.9° 98.4 +17.2° <0.001
HbAlc, % 58 +0.8 57407 56+ 0.6 55+ 0.6 <0.001
Total cholesterol, mg/dL 194.4 + 33.9 196.2 + 32.4 196.3 + 33.1 195.2 + 335 0.308
Triglycerides, mg/dL 117 (84-161)° 115 (83-159)" 109 (80-151)*"¢ 102 (74-145)° <0.001
HDL-C, mg/dL 484 + 11.6* 49.4 +123*° 50.0 + 11.9° 52.6 + 13.3 <0.001
LDL-C, mg/dL 126.6 + 30.0° 127.7 + 28.6* 128.1 + 29.1° 1254 + 29.5° 0.049
AST, TU/L 26 (21-32)* 26 (21-31)*< 25 (21-31)*>< 25 (21-30)° 0.031
ALT, TU/L 24 (18-33)* 24 (18-33)*P 23 (18-33)*" 22 (17-30) <0.001
hsCRP, mg/dL 0.07 (0.04-0.15) 0.06 (0.03-0.12)° 0.05 (0.03-0.11)° 0.04 (0.02-0.08) <0.001
eGFR, mL/min/1.73 cm? 94.4 +16.2° 93.4 + 15.1*° 92.2 + 14.3>¢ 92.2 + 144> <0.001
Clinical data
Current smoker, n (%) 485 (30.2) 495 (30.7) 505 (31.5) 535 (33.3) 0.099
Alcohol consumption, g/d 53 (0.9-12.4) 6.4 (1.1-13.8) 6.3 (1.2-11.7) 6.8 (1.4-12.1) 0.294
Regular exercise, n (%) 890 (55.5)° 936 (58.1)*° 979 (61.1)>¢ 991 (61.8)°¢ <0.001
Diabetes, n (%) 182 (11.3) 142 (8.8)° 116 (7.2)*° 99 (6.2)° <0.001
Hypertension, n (%) 492 (30.6) 348 (21.6)°" 303 (18.9)° 218 (13.5) <0.001
CT measurement data
SMA, cm? 158.8 + 23.0 161.7 + 20.8° 163.5 + 20.7*" 164.2 + 21.6° <0.001
SMA/BMI 6.2+0.7 6.6 * 0.6 6.8 % 0.6 7.1+ 0.6 <0.001
NAMA, cm? 113.4 + 19.0 128.6 + 16.7 136.3 + 17.4 143.9 + 19.0 <0.001
NAMA/BMI 44+07 52+ 05 57+ 05 6.2+ 0.6 <0.001
LAMA, cm? 454+ 11.1 331453 272+ 4.1 203 + 4.2 <0.001
LAMA/BMI 1.8+03 13+02 1.1+0.1 0.9 +0.1 <0.001
NAMA/TAMA index 67.3 %63 76.7 + 1.5 814+ 12 86.5 + 2.1 <0.001
VFA/SFA 12405 1.1+04 11+04 0.9 + 0.4 <0.001

Data are presented as mean + standard deviation or median (interquartile range, 1st-4th) unless otherwise indicated.
CT, computed tomography; NAMA, normal attenuation muscle area; TAMA, total abdominal muscle area; Q, quartile; BMI, body mass index; WC, waist circumference; SBP, systolic blood
pressure; DBP, diastolic blood pressure; HbA 1, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; hsCRP, high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; SMA, skeletal muscle area; LAMA, low attenuation muscle area; VFA,
visceral fat area; SFA, subcutaneous fat area.
*b¢ Superscript letters imply a statistically insignificant difference in the post-hoc analysis between values indicated by the same superscript letter. Otherwise, the post-hoc analysis revealed

significant differences between each group.

TABLE 2 Comparison of baseline characteristics and CT measurements between the quartiles of the NAMA/TAMA index in females.

(@)} Q2 (@K Q4 P-value
(n = 1345) (n = 1351) (n = 1348) (n = 1345)

Dyslipidemia, n (%) 646 (48.0) 517 (38.3) 482 (35.8)° 300 (22.3) <0.001
Anthropometric data

Age, years 57.9 + 8.6 533+ 7.5 515+ 7.6 47.1£72 <0.001

Height, cm 157.6 + 5.4 158.5 + 5.4° 158.4 +5.1° 159.4 £ 5.2 0.075

Weight, kg 61.1 %83 57.8 £7.2 553+ 6.5 52.7 £ 6.1 <0.001

(Continued)
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TABLE 2 Continued

Q1 Q3 (eZ P-value
(n = 1345) (n = 1348) (n = 1345)
Anthropometric data
BMI, kg/m® 24.6 +3.1 23.0 +2.7 221 +24 207 £2.3 <0.001
WC, cm 84.9 + 7.8 79.7 + 6.9 76.7 + 6.5 723 +6.3 <0.001
SBP, mmHg 1229 + 15.2 117.6 + 14.5 1155+ 13.9 1122 + 132 <0.001
DBP, mmHg 75.9 + 10.4 73.3 + 10.6 72.1 + 10.6 70.3 +10.3 0.727
Skeletal muscle mass, kg 21.6 £ 2.6 217 24 215+24 21.5+23 <0.001
Body fat mass, kg 209 57 17.6 + 4.7 15.7 + 4.2 13.0 £3.9 <0.001
Biochemical data
Fasting glucose, mg/dL 100.1 + 19.0 97.1 +15.9 95.1 + 12.9 92,6 + 11.3 <0.001
HbAlc, % 57 +0.7 5.6 + 0.6 5.5+ 0.5 54+ 0.4 <0.001
Total cholesterol, mg/dL 206.3 + 343 203.3 + 34.0*° 201.7 + 33.4° 1924 + 314 0.021
Triglycerides, mg/dL 95 (69-130) 85 (65-120) 82 (62-113) 71 (53-98) <0.001
HDL-C, mg/dL 57.9 + 14.0 60.6 + 14.2 62.2 + 14.7 66.0 + 14.8 0.171
LDL-C, mg/dL 132.5 + 30.8 1282 + 30.6" 126.1 + 30.1° 1155 + 282 0.006
AST, TU/L 24 (20-29)* 23 (20-29)*° 23 (19-28)*" 22 (19-26) 0.001
ALT, TU/L 19 (15-25) 18 (14-24) 16 (13-22)° 15 (12-20) <0.001
hsCRP, mg/dL 0.06 (0.03-0.13) 0.04 (0.02-0.09)* 0.03 (0.02-0.07)" 0.02 (0.02-0.05)" <0.001
eGFR, mL/min/1.73 cm? 101.8 + 19.1° 101.8 + 17.8° 1004 + 16.7° 100.9 + 16.4°* <0.001
Clinical data
Current smoker, n (%) 34 (2.5)* 37 (2.7)* 32 (2.4)° 52 (3.9) 0.004
Alcohol consumption, g/d 0.0 (0.0-1.2)* 0.4 (0.0-1.9)*" 0.4 (0.0-1.9)>¢ 0.8 (0.0-2.7)° <0.001
Regular exercise, n (%) 691 (51.5) 745 (55.2)° 804 (59.8)° 763 (56.8)*° <0.001
Menopause, n (%) 1,095 (81.4) 888 (65.7) 749 (55.6) 459 (34.1) <0.001
Diabetes, n (%) 106 (7.9) 62 (4.6) 34 (2.5)° 22 (1.6)* <0.001
Hypertension, n (%) 319 (23.7) 189 (14.0) 130 (9.6) 78 (5.8) <0.001
CT measurement data
SMA, cm? 1059 + 13.3 107.5 + 12.9° 107.3 + 13.0° 108.1 + 12.8° 0.592
SMA/BMI 43+05 4705 49 +05 52+ 0.6 <0.001
NAMA, cm® 69.0 + 11.0 80.5+ 9.8 85.6 + 10.5 91.8 + 11.1 0.001
NAMA/BMI 28+05 3.5+ 04 3.9+ 04 44 +05 <0.001
LAMA, cm® 37.0 + 8.2 26.9 + 4.2 217 £32 163 +32 <0.001
LAMA/BMI 1.5+03 12402 1.0 0.1 0.8 +0.1 <0.001
NAMA/TAMA index 59.7 + 6.9 71.2 + 2.0 771+ 1.5 83.3+2.5 <0.001
VEA/SFA 0.6 +0.3 0.5+0.2 0.5+0.2 0.3+02 <0.001

Data are presented as mean + standard deviation or median (interquartile range, 1st-4th) unless otherwise indicated.

CT, computed tomography; NAMA, normal attenuation muscle area; TAMA, total abdominal muscle area; Q, quartile; BMI, body mass index; WC, waist circumference; SBP, systolic blood
pressure; DBP, diastolic blood pressure; HbA 1, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; hsCRP, high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; SMA, skeletal muscle area; LAMA, low attenuation muscle area; VFA,
visceral fat area; SFA, subcutaneous fat area.

*P<The superscript letters imply a statistically insignificant difference in the post-hoc analysis between values indicated by the same superscript letter. Otherwise, the post-hoc analysis revealed
significant differences between each group.
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women. Male and female patients with dyslipidemia weighed more
and had a larger BMI, WC, and body fat mass than those without
dyslipidemia (Supplementary Table S2). Those without
dyslipidemia showed greater value of NAMA/TAMA than those

with dyslipidemia regardless of sex (Supplementary Table S2).

FIGURE 2

10.3389/fendo.2024.1327522

3.2 Risk of atherogenic dyslipidemia

The risk of atherogenic dyslipidemia according to the quartiles
of the NAMA/TAMA index for each sex are shown in Figure 2. In
men, as the NAMA/TAMA quartile decreased, the ORs of

Male Female
(1) HDL-C < 40 mg/dL
Q1 —— Q1 ——
Q2 —— Q2 ——
Q3 Q3 ——
Q4 Q4
T T T T T T
1 2 3 1 2 3
ORs (95% CI) ORSs (95% Cl)
(2) LDL-C =160 mg/dL
Q1 Q1 —_
Q2 Q2 —_——
Q3 Q3 ——
Q4 Q4
T T T T T T
1 2 3 1 2 3
ORs (95% Cl) ORSs (95% CI)
(3) TG =150 mg/dL
Q1 —— [~ (R —
Q2 —— Q2 ——
Q3 Q3 ——
Q4 Q4
T T T T T
1 2 3 1 2 3
ORs (95% Cl) ORSs (95% Cl)
(4) sdLDL-C =50 mg/dL
Qi —— a1 ——
Q2 —— Q2 —_—
Q3 He— Q3 —
Q4 Q4
T T T T
1 2 3 1 2 3
ORs (95% Cl) ORSs (95% Cl)
(5) ApoB/A1 >0.80
Q1 —_— a1 H—
Q2 —— Q2 —f—
Q3 —_— Q3 H——
Q4 Q4
T T T T
1 2 3 1 2 3

ORs (95% Cl)

ORs (95% CI)

ORs for dyslipidemia according to the quartiles of the NAMA/TAMA index. ORs were adjusted for age, smoking, alcohol consumption, exercise,
hypertension, diabetes, menopausal status (in female), and VFA to SFA ratio. OR, odds ratio; NAMA, normal attenuation muscle area; TAMA, total
abdominal muscle area; Q, quartile; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; VFA, visceral fat area;

SFA, subcutaneous fat area.
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dyslipidemia, according to the HDL-C, TG, sdLDL, and ApoB/Al
definitions, significantly increased (Figure 2). According to the
LDL-C definition, the NAMA/TAMA quartiles in males were not
significantly associated with a higher risk of dyslipidemia (Figure 2).
The NAMA/TAMA index was positively associated with HDL-C
and negatively associated with LDL-C, TG, sdLDL, and ApoB/Al,
and all of the standardized beta values were statistically significant
in the male population (Table 3).

In women, a decrease in the NAMA/TAMA quartile resulted in
higher ORs for dyslipidemia according to HDL-C, LDL-C, and
sdLDL-C definitions (Figure 2). According to the TG and ApoB/Al
definitions, the ORs for dyslipidemia was not statistically significant
in the female population (Figure 2). The NAMA/TAMA index was
positively associated with HDL-C and negatively associated with
LDL-C, TG, sdLDL-C, and ApoB/A1 in women (Table 3). However,

TABLE 3 Multiple linear regression analysis of the lipid parameters.

10.3389/fendo.2024.1327522

the standardized beta values of TG and ApoB/Al were not
statistically significant (Table 3).

4 Discussion

This cross-sectional analysis of 11,823 patients who participated
in routine health examinations showed that muscle quality assessed
by the degree of myosteatosis was associated with the risk of
atherogenic dyslipidemia. A greater NAMA/TAMA index, which
indicates healthy low-fat muscle, was significantly associated with a
lower risk of atherogenic dyslipidemia even after adjusting for age,
health behaviors, and other ectopic fat distribution.

The value of myosteatosis is on the rise in the research field of
sarcopenia. Myosteatosis allows the measurement of muscle

Female
Standardized 3 P value Standardized P value
1) HDL-C
NAMA/TAMA 0.069 < 0.001 0.080 < 0.001
Age 0.094 < 0.001 0.042 0.013
Smoking -0.066 < 0.001 0.015 0.215
Alcohol 0.119 < 0.001 0.082 < 0.001
Exercise 0.249 < 0.001 -0.055 < 0.001
Hypertension 0.257 0.077 -0.008 0.532
Diabetes 0.384 < 0.001 -0.063 < 0.001
Menopausal status 0.031 0.031
VFA/SFA 0.267 < 0.001 0.267 < 0.001
2) LDL-C
NAMA/TAMA -0.070 < 0.001 -0.065 < 0.001
Age 0.149 < 0.001 0.075 < 0.001
Smoking -0.030 0.012 -0.030 0.014
Alcohol -0.006 0.613 -0.007 0.556
Exercise 0.008 0.513 0.010 0.426
Hypertension -0.045 < 0.001 -0.043 0.001
Diabetes -0.079 < 0.001 -0.079 < 0.001
Menopausal status 0.127 < 0.001
VFA/SFA 0.180 < 0.001 0.182 < 0.001
3) TG
NAMA/TAMA -0.035 < 0.001 -0.017 0.208
Age -0.178 < 0.001 0.005 0.744
Smoking 0.120 < 0.001 0.042 < 0.001
Alcohol 0.017 < 0.001 -0.021 0.073
(Continued)
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TABLE 3 Continued

10.3389/fendo.2024.1327522

Female
Standardized P value Standardized P value
3) TG
Exercise 0.077 0.059 0.044 < 0.001
Hypertension 0.086 < 0.001 0.041 0.001
Diabetes 0.046 < 0.001 0.067 < 0.001
Menopausal status 0.047 0.001
VFA/SFA 0.241 < 0.001 0.326 < 0.001
4) sdLDL-C
NAMA/TAMA -0.038 0.004 -0.056 <0.001
Age -0.186 <0.001 0.042 0.019
Smoking 0.101 <0.001 0.012 0.344
Alcohol -0.021 0.084 -0.037 0.004
Exercise 0.070 <0.001 0.021 0.099
Hypertension 0.019 0.113 -0.005 0.735
Diabetes -0.052 <0.001 -0.033 0.012
Menopausal status 0.118 <0.001
VFA/SFA 0.230 <0.001 0.315 <0.001
5) ApoB/Al
NAMA/TAMA -0.098 0.002 -0.089 0.065
Age -0.142 <0.001 -0.0789 0.158
Smoking 0.137 <0.001 -0.038 0.368
Alcohol -0.094 0.002 -0.095 0.030
Exercise 0.081 0.008 0.051 0.220
Hypertension 0.020 0.518 -0.013 0.766
Diabetes -0.112 <0.001 -0.086 0.044
Menopausal status 0.128 0.008
VFA/SFA 0.164 <0.001 0.300 <0.001

microstructure, which determines muscle strength and metabolism
(25, 26). Type 2 diabetes, NAFLD, and cardiovascular disease are
some of the unfavorable clinical outcomes associated with
myosteatosis (9-11). Patients with type 2 diabetes exhibited
increased LAMA and decreased NAMA and NAMA/TAMA
index (27). Additionally, those with higher LAMA and lower
NAMA/TAMA were at a higher risk of NAFLD and liver
fibrosis (11).

Myosteatosis is also associated with mortality. Increased
myosteatosis determined by calf muscle density using CT was
correlated with increased all-cause and cardiovascular mortality
in older men, according to a 7.2-year longitudinal study (28).
According to an 8.8-year follow-up study, myosteatosis measured
in the thigh muscle using CT was associated with a higher mortality

Frontiers in Endocrinology

09

risk (29). Mortality risk decreased in patients with higher
abdominal muscle density, highlighting muscle quality as a
predictor of mortality (30).

Only a few studies have examined the associations between
muscle density measured by CT and lipid levels. Miljkovic et al.
demonstrated that calf muscle density was positively associated with
LDL-C and negatively associated with HDL-C (14). These findings
were additionally partly supported by a longitudinal study that
revealed exercise-induced reductions in thigh IMAT were related to
changes in HDL-C and LDL-C to larger, less atherogenic
lipoprotein particles (31). However, Vella et al. later reported that
increases in total cholesterol levels (not LDL-C, HDL-C, or TG)
were associated with higher abdominal muscle density and lower
abdominal muscle area (15). Such conflicting results regarding the
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relationship between lipid parameters and muscle area and density
suggest the need for more accurate quantification of muscle quality
and myosteatosis.

Although the definition of myosteatosis is not yet standardized,
evaluating attenuation density and IMAT through CT is adequate
for assessing myosteatosis (7, 9). NAMA has a lower level of fatty
infiltration than LAMA, which has a higher quantity of adipocytes
and intramyocellular fat within muscle fibers and myocytes, leading
to a lower density on CT (32). Kim et al. have introduced the
NAMA/TAMA index, calculated by dividing NAMA by TAMA and
multiplying by 100 (23). More recent discoveries suggested the
clinical value and relevance of this index; a greater NAMA/TAMA
index was significantly associated with a lower prevalence of
subclinical coronary artery disease and NAFLD (10, 11). The
results of this study further suggest that the NAMA/TAMA index
is inversely correlated with HDL-C and directly associated with
LDL-C (females only) and TG.

LDL-C and sdLDL were inversely correlated with NAMA/
TAMA, good quality muscle index, in women, which had been
demonstrated in female patients with rheumatoid arthritis using
skeletal muscle mass measured using DXA (33). Interestingly, LDL-
C and sdLDL-C did not show significant associations with NAMA/
TAMA in the male population. The OR of dyslipidemia according
to LDL-C definition was only significant in women and did not
differ according to NAMA/TAMA quartiles in men, even after
adjusting for multiple variables. Hepatic lipase, a lipolytic enzyme
hydrolyzing TG and phospholipid into LDL-C and HDL-C, is more
active in males with higher intraabdominal fat (34). Since analysis
with NAMA/TAMA index includes only inter/intramuscular fat, it
might not have shown significant correlations with LDL-C and
sdLDL-C in men who have more than twice the visceral fat of
women (35, 36). Further studies are needed to elucidate the sex
differences in the associations between myosteatosis and LDL-C.

The exact molecular mechanisms underlying the interaction
between dyslipidemia and myosteatosis are not fully understood.
Increased muscle fat infiltration induces lipotoxicity and chronic
inflammation and results in insulin resistance in skeletal muscle
(37). Insulin resistance in skeletal muscle alters the processing
pattern of ingested carbohydrates by decreasing glycogen
synthesis in muscle and increasing lipogenesis in the liver (38).
Cytokines such as interleukin-1 and tumor necrosis factor are
released, accelerating protein catabolism (39). Consequently,
dyslipidemia develops with the rise in plasma TG and fall in
HDL-C (38). Further research is warranted to further elucidate
the underlying mechanism for the relationship between
myosteatosis and dyslipidemia.

This study has several limitations. First, this is a cross-sectional
study, so the causal relationship between myosteatosis and
dyslipidemia could not be verified. Second, the study population
was limited to Koreans, limiting its generalizability to other ethnic
groups. Third, muscle quality assessed via CT scan was used to
indirectly measure muscle strength without performing a grip
strength test, which was not covered by routine health
examinations. Lastly, the myosteatosis indices in this study were
obtained solely at the L3 level of the abdomen. Although other body
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parts were not covered, such as the lower extremities (a common
focus in previous studies), a cross-sectional area of muscle and
adipose tissue from a single lumbar CT or MRI image was highly
correlated with that of the whole body in several studies (40, 41).
Despite such limitations, this study is the first to examine the
association between myosteatosis and dyslipidemia in a large
population. Previous studies measuring muscle density using CT
were small population studies. Many potential confounders were
considered in the statistical analysis to avoid potential bias. This
research used previous abdominal CT scans taken as part of a
routine health examination, so evaluation of myosteatosis in
patients with a previous CT scan is clinically applicable.

Myosteatosis and dyslipidemia are closely related, evidenced by
the decline in the risk of dyslipidemia as the healthy muscle
component increases. Ectopic fat accumulation in muscle
contributes to atherogenic dyslipidemia and ensuing
cardiometabolic diseases. Future studies suggesting efficacious
ways to screen and treat myosteatosis are needed.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Institutional
Review Board of Asan Medical Center. The studies were conducted
in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

HK: Data curation, Formal analysis, Funding acquisition,
Investigation, Writing — original draft, Writing - review & editing.
YC: Investigation, Methodology, Writing — review & editing. MK:
Data curation, Resources, Writing — original draft. ML: Data curation,
Investigation, Writing - review & editing. EK: Resources, Software,
Validation, Writing - review & editing. WL: Investigation, Resources,
Supervision, Validation, Writing — review & editing. HK-K: Data
curation, Project administration, Resources, Supervision, Validation,
Writing - review & editing. CJ: Conceptualization, Methodology,
Supervision, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This
research was supported by the Chung-Ang University Research
Grants in 2023.

frontiersin.org


https://doi.org/10.3389/fendo.2024.1327522
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Kim et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Lechner K, McKenzie AL, Krankel N, Von Schacky C, Worm N, Nixdorff U, et al.
High-risk atherosclerosis and metabolic phenotype: the roles of ectopic adiposity,
atherogenic dyslipidemia, and inflammation. Metab syndrome related Disord. (2020)
18:176-85. doi: 10.1089/met.2019.0115

2. Mo D, Hsieh P, Yu H, Zhou L, Gong J, Xu L, et al. Osteosarcopenic obesity and its
relationship with dyslipidemia in women from different ethnic groups of China. Arch
osteoporosis. (2018) 13:65. doi: 10.1007/s11657-018-0481-1

3. Kim TN, Choi KM. The implications of sarcopenia and sarcopenic obesity on
cardiometabolic disease. ] Cell Biochem. (2015) 116:1171-8. doi: 10.1002/jcb.25077

4. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyére O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing.
(2019) 48:16-31. doi: 10.1093/ageing/afy169

5. McGregor RA, Cameron-Smith D, Poppitt SD. It is not just muscle mass: a review
of muscle quality, composition and metabolism during ageing as determinants of
muscle function and mobility in later life. Longevity healthspan. (2014) 3:9.
doi: 10.1186/2046-2395-3-9

6. Amini B, Boyle SP, Boutin RD, Lenchik L. Approaches to assessment of muscle
mass and myosteatosis on computed tomography: A systematic review. journals
gerontol Ser A Biol Sci Med Sci. (2019) 74:1671-8. doi: 10.1093/gerona/glz034

7. Kim HK, Kim CH. Quality matters as much as quantity of skeletal muscle: clinical
implications of myosteatosis in cardiometabolic health. Endocrinol Metab (Seoul
Korea). (2021) 36:1161-74. doi: 10.3803/EnM.2021.1348

8. Correa-de-Araujo R, Addison O, Miljkovic I, Goodpaster BH, Bergman BC, Clark
RV, et al. Myosteatosis in the context of skeletal muscle function deficit: an
interdisciplinary workshop at the national institute on aging. Front Physiol. (2020)
11:963. doi: 10.3389/fphys.2020.00963

9. Miljkovic I, Vella CA, Allison M. Computed tomography-derived myosteatosis
and metabolic disorders. Diabetes Metab ]. (2021) 45:482-91. doi: 10.4093/
dmj.2020.0277

10. Lee MJ, Kim HK, Kim EH, Bae SJ, Kim KW, Kim M]J, et al. Association between
muscle quality measured by abdominal computed tomography and subclinical
coronary atherosclerosis. Arteriosclerosis thrombosis Vasc Biol. (2021) 41:e128-40.
doi: 10.1161/ATVBAHA.120.315054

11. Kim HS, Lee J, Kim EH, Lee M]J, Bae IY, Lee WJ, et al. Association of
myosteatosis with nonalcoholic fatty liver disease, severity, and liver fibrosis using
visual muscular quality map in computed tomography. Diabetes Metab ]. (2023)
47:104-17. doi: 10.4093/dmj.2022.0081

12. Lee JH, Lee HS, Cho AR, Lee YJ, Kwon Y]J. Relationship between muscle mass
index and LDL cholesterol target levels: Analysis of two studies of the Korean
population. Atherosclerosis. (2021) 325:1-7. doi: 10.1016/j.atherosclerosis.2021.01.016

13. Baek SJ, Nam GE, Han KD, Choi SW, Jung SW, Bok AR, et al. Sarcopenia and
sarcopenic obesity and their association with dyslipidemia in Korean elderly men: the
2008-2010 Korea National Health and Nutrition Examination Survey.
] endocrinological Invest. (2014) 37:247-60. doi: 10.1007/s40618-013-0011-3

14. Miljkovic I, Kuipers AL, Kuller LH, Sheu Y, Bunker CH, Patrick AL, et al.
Skeletal muscle adiposity is associated with serum lipid and lipoprotein levels in Afro-
Caribbean men. Obes (Silver Spring Md.). (2013) 21:1900-7. doi: 10.1002/0by.20214

15. Vella CA, Nelson MC, Unkart JT, Miljkovic I, Allison MA. Skeletal muscle area
and density are associated with lipid and lipoprotein cholesterol levels: The Multi-
Ethnic Study of Atherosclerosis. J Clin lipidol. (2020) 14:143-53. doi: 10.1016/
1.jac1.2020.01.002

16. Executive summary of the third report of the national cholesterol education
program (NCEP) expert panel on detection, evaluation, and treatment of high blood
cholesterol in adults (Adult treatment panel III). Jama. (2001) 285:2486-97.
doi: 10.1001/jama.285.19.2486

Frontiers in Endocrinology

11

10.3389/fendo.2024.1327522

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fend0.2024.1327522/
full#supplementary-material

17. Srisawasdi P, Chaloeysup S, Teerajetgul Y, Pocathikorn A, Sukasem C,
Vanavanan S, et al. Estimation of plasma small dense LDL cholesterol from classic
lipid measures. Am ] Clin Pathol. (2011) 136:20-9. doi: 10.1309/AJCPLHJBGG9L3ILS

18. Davidson MH. Apolipoprotein measurements: is more widespread use clinically
indicated? Clin Cardiol. (2009) 32:482-6. doi: 10.1002/clc.20559

19. Tsai MY, Steffen BT, Guan W, McClelland RL, Warnick R, McConnell J, et al.
New automated assay of small dense low-density lipoprotein cholesterol identifies risk
of coronary heart disease: the Multi-ethnic Study of Atherosclerosis. Arteriosclerosis
thrombosis Vasc Biol. (2014) 34:196-201. doi: 10.1161/ATVBAHA.113.302401

20. Lu M, Lu Q, Zhang Y, Tian G. ApoB/apoAl is an effective predictor of coronary
heart disease risk in overweight and obesity. J Biomed Res. (2011) 25:266-73.
doi: 10.1016/S1674-8301(11)60036-5

21. Yaseen RI, El-Leboudy MH, El-Deeb HM. The relation between ApoB/ApoA-1
ratio and the severity of coronary artery disease in patients with acute coronary
syndrome. Egyptian Heart journal: (EH]): Off Bull Egyptian Soc Cardiol. (2021) 73:24.
doi: 10.1186/s43044-021-00150-z

22. Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar L], Baracos VE. A
practical and precise approach to quantification of body composition in cancer patients
using computed tomography images acquired during routine care. Appl Physiol Nutr
Metab. (2008) 33:997-1006. doi: 10.1139/H08-075

23. Kim HK, Kim KW, Kim EH, Lee M]J, Bae SJ, Ko Y, et al. Age-related changes in
muscle quality and development of diagnostic cutoff points for myosteatosis in lumbar
skeletal muscles measured by CT scan. Clin Nutr (Edinburgh Scotland). (2021)
40:4022-8. doi: 10.1016/j.clnu.2021.04.017

24. Anderson DE, D’Agostino JM, Bruno AG, Demissie S, Kiel DP, Bouxsein ML.
Variations of CT-based trunk muscle attenuation by age, sex, and specific muscle.
journals gerontol Ser A Biol Sci Med Sci. (2013) 68:317-23. doi: 10.1093/gerona/gls168

25. Miljkovic I, Zmuda JM. Epidemiology of myosteatosis. Curr Opin Clin Nutr
Metab Care. (2010) 13:260-4. doi: 10.1097/MCO.0b013e328337d826

26. Koo BK. Assessment of muscle quantity, quality and function. /] Obes Metab
syndrome. (2022) 31:9-16. doi: 10.7570/jomes22025

27. Kim HK, Lee MJ, Kim EH, Bae §J, Kim KW, Kim CH. Comparison of muscle
mass and quality between metabolically healthy and unhealthy phenotypes. Obes (Silver
Spring Md.). (2021) 29:1375-86. doi: 10.1002/0by.23190

28. Miljkovic I, Kuipers AL, Cauley JA, Prasad T, Lee CG, Ensrud KE, et al. Greater
skeletal muscle fat infiltration is associated with higher all-cause and cardiovascular
mortality in older men. journals gerontol Ser A Biol Sci Med Sci. (2015) 70:1133-40.
doi: 10.1093/gerona/glv027

29. Reinders I, Murphy RA, Brouwer IA, Visser M, Launer L, Siggeirsdottir K, et al.
Muscle quality and myosteatosis: novel associations with mortality risk: the age, gene/
environment susceptibility (AGES)-reykjavik study. Am ] Epidemiol. (2016) 183:53-60.
doi: 10.1093/aje/kwv153

30. Larsen B, Bellettiere ], Allison M, McClelland RL, Miljkovic I, Vella CA, et al.
Muscle area and density and risk of all-cause mortality: The Multi-Ethnic Study of
Atherosclerosis. Metabolism: Clin Exp. (2020) 111:154321. doi: 10.1016/
j.metabol.2020.154321

31. Durheim MT, Slentz CA, Bateman LA, Mabe SK, Kraus WE. Relationships
between exercise-induced reductions in thigh intermuscular adipose tissue, changes in
lipoprotein particle size, and visceral adiposity. Am ] Physiol Endocrinol Metab. (2008)
295:E407-12. doi: 10.1152/ajpendo.90397.2008

32. Aubrey J, Esfandiari N, Baracos VE, Buteau FA, Frenette ], Putman CT, et al.
Measurement of skeletal muscle radiation attenuation and basis of its biological
variation. Acta physiologica (Oxford England). (2014) 210:489-97. doi: 10.1111/
apha.12224

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1327522/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1327522/full#supplementary-material
https://doi.org/10.1089/met.2019.0115
https://doi.org/10.1007/s11657-018-0481-1
https://doi.org/10.1002/jcb.25077
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1186/2046-2395-3-9
https://doi.org/10.1093/gerona/glz034
https://doi.org/10.3803/EnM.2021.1348
https://doi.org/10.3389/fphys.2020.00963
https://doi.org/10.4093/dmj.2020.0277
https://doi.org/10.4093/dmj.2020.0277
https://doi.org/10.1161/ATVBAHA.120.315054
https://doi.org/10.4093/dmj.2022.0081
https://doi.org/10.1016/j.atherosclerosis.2021.01.016
https://doi.org/10.1007/s40618-013-0011-3
https://doi.org/10.1002/oby.20214
https://doi.org/10.1016/j.jacl.2020.01.002
https://doi.org/10.1016/j.jacl.2020.01.002
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.1309/AJCPLHJBGG9L3ILS
https://doi.org/10.1002/clc.20559
https://doi.org/10.1161/ATVBAHA.113.302401
https://doi.org/10.1016/S1674-8301(11)60036-5
https://doi.org/10.1186/s43044-021-00150-z
https://doi.org/10.1139/H08-075
https://doi.org/10.1016/j.clnu.2021.04.017
https://doi.org/10.1093/gerona/gls168
https://doi.org/10.1097/MCO.0b013e328337d826
https://doi.org/10.7570/jomes22025
https://doi.org/10.1002/oby.23190
https://doi.org/10.1093/gerona/glv027
https://doi.org/10.1093/aje/kwv153
https://doi.org/10.1016/j.metabol.2020.154321
https://doi.org/10.1016/j.metabol.2020.154321
https://doi.org/10.1152/ajpendo.90397.2008
https://doi.org/10.1111/apha.12224
https://doi.org/10.1111/apha.12224
https://doi.org/10.3389/fendo.2024.1327522
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Kim et al.

33. Matsumoto Y, Sugioka Y, Tada M, Okano T, Mamoto K, Inui K, et al. Change in
skeletal muscle mass is associated with lipid profiles in female rheumatoid arthritis
patients -TOMORROW study. Clin Nutr (Edinburgh Scotland). (2021) 40:4500-6.
doi: 10.1016/j.cInu.2020.12.028

34, Carr MC, Hokanson JE, Zambon A, Deeb SS, Barrett PH, Purnell JQ, et al. The
contribution of intraabdominal fat to gender differences in hepatic lipase activity and
low/high density lipoprotein heterogeneity. J Clin Endocrinol Metab. (2001) 86:2831-7.
doi: 10.1210/jc.86.6.2831

35. Freedman DS, Jacobsen SJ, Barboriak JJ, Sobocinski KA, Anderson AJ, Kissebah
AH, et al. Body fat distribution and male/female differences in lipids and lipoproteins.
Circulation. (1990) 81:1498-506. doi: 10.1161/01.CIR.81.5.1498

36. Vekic J, Zeljkovic A, Jelic-Ivanovic Z, Spasojevic-Kalimanovska V, Bogavac-
Stanojevic N, Memon L, et al. Small, dense LDL cholesterol and apolipoprotein B:
relationship with serum lipids and LDL size. Atherosclerosis. (2009) 207:496-501.
doi: 10.1016/j.atherosclerosis.2009.06.035

Frontiers in Endocrinology

12

10.3389/fendo.2024.1327522

37. Aon MA, Bhatt N, Cortassa SC. Mitochondrial and cellular mechanisms for
managing lipid excess. Front Physiol. (2014) 5:282. doi: 10.3389/fphys.2014.00282

38. Shulman GI. Ectopic fat in insulin resistance, dyslipidemia, and cardiometabolic
disease. New Engl ] Med. (2014) 371:1131-41. doi: 10.1056/NEJMral011035

39. Roubenoff R. Sarcopenic obesity: does muscle loss cause fat gain? Lessons from
rheumatoid arthritis and osteoarthritis. Ann New York Acad Sci. (2000) 904:553-7.
doi: 10.1111/§.1749-6632.2000.tb06515.x

40. Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge MP, Albu J, et al. Total
body skeletal muscle and adipose tissue volumes: estimation from a single abdominal
cross-sectional image. ] Appl Physiol (Bethesda Md.: 1985). (2004) 97:2333-8.
doi: 10.1152/japplphysiol.00744.2004

41. Hong JH, Hong H, Choi YR, Kim DH, Kim JY, Yoon JH, et al. CT analysis of
thoracolumbar body composition for estimating whole-body composition. Insights into
Imaging. (2023) 14:69. doi: 10.1186/s13244-023-01402-z

frontiersin.org


https://doi.org/10.1016/j.clnu.2020.12.028
https://doi.org/10.1210/jc.86.6.2831
https://doi.org/10.1161/01.CIR.81.5.1498
https://doi.org/10.1016/j.atherosclerosis.2009.06.035
https://doi.org/10.3389/fphys.2014.00282
https://doi.org/10.1056/NEJMra1011035
https://doi.org/10.1111/j.1749-6632.2000.tb06515.x
https://doi.org/10.1152/japplphysiol.00744.2004
https://doi.org/10.1186/s13244-023-01402-z
https://doi.org/10.3389/fendo.2024.1327522
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Association between atherogenic dyslipidemia and muscle quality defined by myosteatosis
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Measurements
	2.3 Definition of atherogenic dyslipidemia
	2.4 CT image collection
	2.5 Assessment of body composition and myosteatosis
	2.6 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Risk of atherogenic dyslipidemia

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


