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OBJECTIVES: The combined effects of obesity and appendicular skeletal muscle (ASM) on atherosclerosis, especially in middle-
aged populations, remain poorly understood. This cross-sectional study investigated the effects of ASM on carotid intima-media
thickness (IMT) according to body mass index (BMI) in middle-aged Korean adults.

METHODS: Herein, 595 men and 1,274 women aged 30-64 years completed questionnaires and underwent health examina-
tions as part of the Cardiovascular and Metabolic Disease Etiology Research Center cohort. ASM was measured via bioelectrical
impedance analysis and adjusted for weight (ASM/Wt). IMT was assessed using B-mode ultrasonography; highest quartile of
IMT was defined as gender-specific top quartile of the IMT values. Higher BMIs was defined as a BMI over 25.0 kg/m>

RESULTS: Compared to the highest ASM/Wt quartile, the lowest ASM/Wt quartile was significantly associated with highest
quartile of IMT in men with lower BMIs (adjusted odds ratio [aOR], 2.78; 95% confidence interval [CI], 1.09 to 7.13), but not in
those with higher BMIs (aOR, 0.59; 95% CI, 0.24 to 1.91). In women, there was no significant association of low skeletal muscle
mass with highest quartile of IMT, regardless of BMI.

CONCLUSIONS: Low appendicular skeletal muscle mass is associated with carotid arterial wall thickening in men with lower
BMIs, but not in men with higher BMIs. Our findings suggest that the risk of atherosclerosis may be low in middle-aged Korean
men with appropriate body weight and skeletal muscle mass maintenance.
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INTRODUCTION

Although obesity is a major modifiable risk factor for cardio-
vascular disease (CVD), the mechanisms linking obesity and ath-
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erosclerosis are not fully understood. Sarcopenia, an age-related
decline in skeletal muscle mass, leads to metabolic and vascular
abnormalities [1,2]. Previous epidemiologic studies of the com-
bined effects of low muscle mass and obesity on cardiometabolic
disorders have yielded inconsistent results [3-8]. Moreover, most
of these studies screened for the presence of a synergistic relation-
ship between muscle mass and body mass index (BMI) in older
adults. Little information is available regarding the independent
relationship between skeletal muscle mass and atherosclerosis in
the middle-aged population. Furthermore, few studies have inves-
tigated whether associations between skeletal muscle mass and ar-
terial wall thickness may vary according to obesity categories. The
purpose of this study was to evaluate the association of skeletal
muscle mass with 2 markers of atherosclerosis—a higher carotid
intima-media thickness (IMT) and carotid artery plaque—in a
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middle-aged Korean population stratified by BMI categories.

MATERIALS AND METHODS

Study population

The present study used data from the Cardiovascular and Meta-
bolic Disease Etiology Research Center cohort study, which was
designed to recruit members of the general population residing in
4 districts (Seoul, Goyang, Gimpo, and Incheon) in South Korea
(hereafter Korea). The eligibility criteria for inclusion were being
aged 30 to 64 years, having lived for more than 8 months of the
year at the current residence with no plans to move over the next
2 years, and having the ability to provide verbal or written consent
to participate in the study. Participants were excluded if they had
been diagnosed with cancer within the last 2 years or were cur-
rently being treated for cancer; had a history of myocardial infarc-
tion, stroke, or heart failure; were currently involved in pharma-
ceutical trials; or were currently pregnant or reported the possibil-
ity of being pregnant on the day of registration. The sampling and
measurement procedures have been described in detail previously
[9]. This study initially enrolled 2,465 participants aged 30-64 years
between 2013 and 2015. All participants completed health ques-
tionnaires and examinations according to a predefined protocol.
People aged <40 years (n=>551), those with missing key variables
(n=14), and those with a BMI under 18.5 kg/m2 (n=31) were ex-
cluded from the current analyses. Finally, a cross-sectional analy-
sis of the remaining 595 men and 1,274 women was conducted.
All participants provided written informed consent, and the study
protocol was approved by the institutional review board hospital
at Yonsei University College of Medicine (4-2013-0661).

Questionnaire data

All participants were individually interviewed using standard-
ized questionnaires to obtain information regarding demograph-
ics, medication use, and lifestyle behaviors. Trained interviewers
conducted face-to-face interviews and questionnaire surveys ac-
cording to the protocol. Three groups were stratified by smoking
status: current smokers, former smokers, and non-smokers. Simi-
larly, participants were classified as current regular alcohol drink-
ers, former drinkers, or non-drinkers. Physical activity was as-
sessed using the International Physical Activity Questionnaire-
Short Form. Regular exercise was defined as moderate- to high-
intensity physical activity performed at least 3 times per week.

Physical examination

Standing height was measured to the nearest 0.1 cm using a sta-
diometer (DS-102, Dong Sahn Jenix, Seoul, Korea), and body wei-
ght was measured to the nearest 0.1 kg on a digital scale (DB-150,
CAS, Seongnam, Korea) according to the predetermined proto-
col. BMI was calculated as the body weight divided by the stand-
ing height squared (kg/m’). Waist circumference was assessed to
the nearest 0.1 cm at the midpoint between the lower border of
the rib cage and the iliac crest using an ergonomic circumference-

2 | www.e-epih.org

measuring tape (Seca 201, Seca, Hamburg, Germany). Participants
rested for >5 minutes before blood pressure measurements were
made, and systolic and diastolic blood pressures were measured 3
times at 2-minute intervals. The average of last 2 measurements
was used in the analysis.

Laboratory assays
Blood samples were collected from the antecubital vein after

the patients had fasted for at least 8 hours. Total cholesterol (TC),
high-density lipoprotein cholesterol (HDLC), low-density lipo-
protein cholesterol, and triglyceride levels were measured via en-
zymatic methods (Advia 1800 autoanalyzer, Siemens Medical So-
lutions, Deerfield, IL, USA). The TC to HDLC ratio (TC/HDLC)
was calculated to evaluate dyslipidemia. Fasting blood glucose con-
centrations were measured using a colorimetric method (Advia
1800 autoanalyzer, Siemens Medical Solutions), and hemoglobin
Alc (HbAlc) concentrations were assessed via high-performance
liquid chromatography (Variant II Turbo, Bio-Rad, Berkeley, CA,
USA) according to the National Glycohemoglobin Standardiza-
tion Program guidelines. C-reactive protein concentrations were
determined using a turbidimetric immunoassay (Advia 1800 au-
toanalyzer, Siemens Medical Solutions).

Measurement of skeletal muscle mass

Appendicular skeletal muscle mass (ASM) was measured via
bioelectrical impedance analysis (BIA) using Inbody370 (Bio-
space, Seoul, Korea) according to the instructions provided by the
manufacturer. ASM was determined as the sum of the lean mus-
cle masses of both arms and both legs. As the absolute amount of
skeletal muscle is known to correlate strongly with body size,
ASM is commonly adjusted using indicators of body size such as
the height squared, weight, or BML. In this study, we used weight-
adjusted ASM (ASM/Wt) because previous studies reported that
this parameter correlated better with cardiometabolic risk factors
than did height squared- or BMI-adjusted ASM [10,11]. Partici-
pants were divided into 4 groups based on gender-specific ASM/
Wt quartiles: <30.85, 30.85-32.36, 32.37-33.87, and > 33.88% for
men and <25.84, 25.84-27.31, 27.32-28.90, and >28.91% for
women.

Measurement of arterial wall thickness
The bilateral common carotid arteries were assessed via B-

mode ultrasonography with an 8-MHz linear probe (Accuvix XG,
Samsung Medison, Seoul, Korea) according to a predetermined
protocol. Participants were placed in the supine position with the
head turned at a 30° angle contralateral to the scanning side. Sub-
sequently, the IMT was measured bilaterally in the 1-cm segment
proximal to the carotid bulb dilatation and calculated as the mean
value of the right and left common carotid arteries from comput-
er-based measurement points in the region. The highest quartile
of IMT was defined as the gender-specific top quartile of the
mean IMT value (=0.755 mm for men and >0.724 mm for
women). Carotid artery plaque was defined as a focal thickening
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exceeding 1.0 mm or >50% thicker than that of the surrounding
vessel wall.

Statistical analysis

All analyses were performed separately for men and women
because both ASM/Wt and IMT differed significantly by gender
(Supplementary Material 1). We evaluated differences in demo-
graphic characteristics among the 4 groups based on the ASM/Wt
quartiles and used 1-way analysis of variance for normally distrib-
uted variables, the Kruskal-Wallis test for skewed variables, and

the chi-square test for categorical variables. The p for trend was
calculated using a contrast to test for linear trends in continuous
variables and the Cochran-Armitage test for categorical variables.
The association between ASM/Wt and the highest quartile of IMT
was assessed in people with lower (<25.0 kg/m®) and higher
BMIs (>25.0 kg/m”) because there was a significant interaction
between ASM/Wt quartiles and BMI categories in the presence of
the highest quartile of IMT (Supplementary Material 2). Multi-
variable logistic regression analyses were used to assess the inde-
pendent effect of ASM/Wt (using gender-specific quartiles) on the

Table 2. Association between ASM/Wt and the highest quartile of IMT according to BMI categories

No. of people PeoP(:ixETetgfe | E?hest Age-adjusted Fully adjusted’
Men (n=595)
BMI <25 kg/m?
ASM/Wt (quartiles)
Q4 126 15(11.9) 1.00 (reference) 1.00 (reference)
Q3 102 20(19.6) 1.78(0.84,3.79) 1.59(0.72,3.50)
Q2 75 17 (22.7) 2.04(0.92,4.52) 1.81(0.78,4.17)
Q1 36 14 (38.9) 3.21(1.32,7.82) 2.78(1.09,7.13)
ASM/Wt (continuous)
Per 10% decrease 339 66 (19.5) 432(1.12,16.71) 3.26(0.78,13.68)
BMI >25 kg/m?
ASM/Wt (quartiles)
Q4 23 8(34.8) 1.00 (reference) 1.00 (reference)
Q3 47 17 (36.2) 0.99 (0.35, 2.76) 0.91(0.25, 2.96)
Q2 74 19(25.7) 0.56 (0.19, 1.65) 0.42(0.14,1.34)
Q1 112 40 (35.7) 0.99 (0.35,2.76) 0.59(0.24,1.91)
ASM/Wt (continuous)
Per 10% decrease 256 84 (32.8) 1.27 (0.48,3.35) 0.82(0.30,2.22)
Women (n=1,274)
BMI <25 kg/m?
ASM/Wt (quartiles)
Q4 307 56 (18.3) 1.00 (reference) 1.00 (reference)
Q3 271 58(21.4) 1.01 (0.66, 1.55) 0.90(0.57,1.42)
Q2 225 56 (24.9) 1.10(0.71, 1.70) 0.96 (0.62, 1.52)
Q1 122 30 (24.6) 0.95(0.56, 1.61) 0.85(0.49, 1.47)
ASM/Wt (continuous)
Per 10% decrease 925 200 (21.6) 1.19(0.62, 2.26) 1.14(0.61,2.12)
BMI >25 kg/m?
ASM/Wt (quartiles)
Q4 11 2(18.2) 1.00 (reference) 1.00 (reference)
Q3 48 19 (39.6) 2.44(0.47,12.87) 2.62(0.44,14.99)
Q2 94 34 (36.2) 1.89 (0.37,9.46) 1.71(0.31,9.79)
Q1 196 66 (33.7) 1.63 (0.34,8.01) 1.44(0.27,8.11)
ASM/Wt (continuous)
Per 10% decrease 349 121 (34.7) 0.66 (0.22, 2.05) 0.61(0.19, 1.80)

Values are presented as number (%) or odds ratio (95% confidence interval).
ASM/WHt, appendicular skeletal muscle mass/weight; BMI, body mass index.
'Adjusted for age, menopause, systolic blood pressure, hemoglobin Alc, total/high-density lipoprotein cholesterol ratio, C-reactive protein, smok-

ing, drinking, and regular exercise.
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likelihood of being in highest quartile of IMT according to BMI
categories in both age-adjusted and fully adjusted models (age,
menopause, systolic blood pressure, HbAlc, TC/HDLC, C-reac-
tive protein, smoking, drinking, and regular exercise). ASM/Wt
was also analyzed as a continuous variable in association with the
highest quartile of IMT. Additionally, the same multivariable lo-
gistic regression analyses were conducted to determine the asso-
ciation between ASM/Wt (using gender-specific quartiles and
continuous variables) and carotid artery plaque according to BMI

categories. Lastly, we estimated the odds ratio (OR) and 95% con-
fidence interval (CI) for being in the highest quartile of IMT ac-
cording to the 8 combined categories of ASM/Wt (quartiles) and
BMI (<25.0 or >25.0 kg/m’) after fully adjusting for confound-
ers. The reference group comprised participants with lower BMIs
in the highest ASM/Wt quartile. All statistical tests were per-
formed using SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA), and statistical significance was defined as a 2-sided p-value
of <0.05.

Table 3. Association between ASM/Wt and carotid plaque according to BMI categories

People with carotid

No. of people S Age-adjusted Fully adjusted’
Men (n=595)
BMI <25 kg/m?
ASM/Wt (quartiles)
Q4 125 21(16.8) 1.00 (reference) 1.00 (reference)
Q3 103 18(17.5) 1.03(0.52,2.07) 1.05(0.51,2.15)
Q2 74 16 (21.6) 1.32(0.64,2.74) 1.17(0.54, 2.53)
Q1 37 15 (40.5) 2.96 (1.30,6.77) 2.48(1.04, 5.90)
ASM/Wt (continuous)
Per 10% decrease 339 70(20.7) 4.19(1.13,15.56) 3.27(0.85,12.57)
BMI =25 kg/m?
ASM/Wt (quartiles)
Q4 23 7 (30.4) 1.00 (reference) 1.00 (reference)
Q3 46 12(26.1) 0.74(0.23,2.33) 0.52(0.16, 1.74)
Q2 75 20(26.7) 0.74(0.25,2.14) 0.53(0.17,1.63)
Q1 112 29 (25.9) 0.76 (0.27, 2.10) 0.41(0.13,1.24)
ASM/Wt (continuous)
Per 10% decrease 256 68 (26.6) 1.39(0.50,3.91) 0.90(0.32,2.55)
Women (n=1,274)
BMI <25 kg/m?
ASM/Wt (quartiles)
Q4 308 23(7.5) 1.00 (reference) 1.00 (reference)
Q3 270 25(9.3) 1.12(0.62, 2.05) 0.90 (0.49, 1.69)
Q2 225 22(9.8) 1.11 (0.81, 2.07) 0.88 (0.46, 1.67)
Q1 122 11 (9.0) 0.93(0.67,20.1) 0.70(0.32, 1.56)
ASM/Wt (continuous)
Per 10% decrease 925 81(8.8) 0.77 (0.36, 1.67) 0.62(0.29, 1.31)
BMI >25 kg/m?
ASM/Wt (quartiles)
Q4 1 0(0.0) 1.00 (reference) 1.00 (reference)
Q3 48 4(8.3) NA NA
Q2 94 18(19.2) NA NA
Q1 196 34(17.4) NA NA
ASM/Wt (continuous)
Per 10% decrease 349 56 (16.1) 2.25(0.48,10.47) 2.40(0.47,12.18)

Values are presented as number (%) or odds ratio (95% confidence interval).
ASM/W4, appendicular skeletal muscle mass/weight; BMI, body mass index; OR, odds ratio; Cl, confidence interval; NA, not applicable.
'Adjusted for age, menopause, systolic blood pressure, hemoglobin Alc, total/high-density lipoprotein cholesterol ratio, C-reactive protein, smok-

ing, drinking, and regular exercise.
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RESULTS

Table 1 presents the characteristics of the men and women
study participants according to ASM/Wt quartiles. Both men and
women in the lower ASM/Wt quartiles tended to have a higher
BMI, waist circumference, blood pressure, lipid levels, glucose
level, IMT, frequencies of the highest quartile of IMT, and carotid
artery plaque. However, higher ASM/Wt quartiles were not signif-
icantly associated with smoking, drinking status, or sleep duration
in either gender.

Table 2 presents the results of multivariable logistic regression
analyses stratified by BMI categories. In the age-adjusted logistic
regression model, the risk of being in the highest quartile of IMT
among men with lower BMIs was significantly higher in the low-
est ASM/Wt quartile (OR, 3.21; 95% CI, 1.32 to 7.82) relative to
the highest ASM/Wt quartile. After adjusting for age, systolic
blood pressure, HbAlc, TC/HDLC, C-reactive protein, smoking,
drinking, and regular exercise, this association was weakened but
remained statistically significant (OR, 2.78; 95% CI, 1.09 to 7.13).
When continuous variables were examined in the age-adjusted

model, each 10% decrease in ASM/Wt (OR, 4.32; 95% CI, 1.12 to
16.71) was inversely associated with being in the highest quartile
of IMT in men with lower BMIs. After adjusting for additional
CVD risk factors, the association became non-significant. Among
men with higher BMIs, the risk of being in the highest quartile of
IMT was lower in other ASM/Wt quartiles than in the highest
ASM/Wt quartile, although this association was not significant.
Among women, there was no significant association between
ASM/Wt and being in the highest quartile of IMT, regardless of
BMI category.

The results for using carotid artery plaque as an outcome varia-
ble were similar to those of using the highest quartile of IMT. Af-
ter adjusting for CVD risk factors, the risk of carotid artery plaque
among men with lower BMIs was significantly higher in the low-
est ASM/Wt quartile (OR, 2.48; 95% CI, 1.04 to 5.90) than in the
highest ASM/Wt quartile. Among men with higher BMISs, the risk
of carotid artery plaque was lower in other ASM/Wt quartiles
than in the highest ASM/Wt quartile, although this association
was not significant. Among women, there was no significant asso-
ciation between ASM/Wt and carotid artery plaque, regardless of

Men
BMI (kg/m?); quartiles of ASM/Wt OR (95% Cl)
<25; [Q4] n 1.00 (reference)
<25 [Q3] i 1.78(0.83,3.81)
<25 [Q2] i 2.07 (0.93,4.63)
<25 [Q1] L 2.83(1.15,6.96)
>25; [Q4] L | 4.90 (1.62, 14.80)
225, [Q3] i J 4.64(1.95,11.03)
225 [Q2] I L 2.61(1.19,5.70)
225, [Q1] L J 4.05(1.97,8.32)
L | | | |
0.5 1 2 4 8 16 o

BMI (kg/m?); quartiles of ASM/Wt

OR(95% Cl)

<25 [Q4] 1.00 (reference)
<25; [Q3] 0.92(0.59,1.42)
<25, [Q2] 1.01(0.65, 1.58)
<25, [Q1] 0.87(0.51,1.49)
225, [Q4] J 0.94 (0.50, 4.66)
225, [Q3] —_——A 2.20(1.10,4.39)
225, [Q2] —— 1.48 (0.84,2.58)
225, [Q1] ——— 1.31(0.83, 2.06)
L | | | |
0.5 1 2 4 8 16 e

Figure 1. ORs for higher quartile of IMT according to the eight combined categories of ASM/Wt and BMI by gender (A: men, B: women). ORs
(95% Cls) adjusted for age, menopause, systolic blood pressure, hemoglobin A1c, total/high-density lipoprotein cholesterol ratio, smok-
ing, drinking, and regular exercise are shown. The reference group comprised individuals with a BMI of <25 kg/m? and an ASM/Wt in the
highest quartile. BMI, body mass index; ASM/Wt, appendicular skeletal muscle mass/weight; OR, odds ratio; Cl, confidence interval; IMT,

intima-media thickness.
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BMI category (Table 3).

We estimated the OR for being in the highest quartile of IMT
according to the 8 combined categories of ASM/Wt and BMI
(Figure 1). The reference group consisted of those with lower BMIs
in the highest ASM/Wt quartile. Men with lower BMIs in the low-
est ASM/Wt quartile had a 2.83-fold higher risk of being in the
highest quartile of IMT (95% CI, 1.15 to 6.96) than the reference
group. Men with higher BMIs had significantly higher ORs for
being in the highest quartile of IMT than the reference group, re-
gardless of the ASM/Wt quartile (quartile [Q] 1: 4.05, Q2: 2.61,
Q3: 4.64, Q4: 4.90). No association between ASM/Wt and the
highest quartile of IMT was observed among women with lower
BMIs. However, women with higher BMIs in the third ASM/Wt
quartile had a 2.20-fold higher risk of being in the highest quartile
of IMT (95% CI, 1.10 to 4.39) than the reference group.

DISCUSSION

The current study found that low skeletal muscle mass was in-
dependently associated with the highest quartile of IMT and ca-
rotid artery plaque in a cohort of middle-aged Korean men with
lower BMISs, but not in those with higher BMIs. In women, there
was no significant association of low skeletal muscle mass with
the highest quartile of IMT or carotid artery plaque, regardless of
BMIL

Several studies reporting inverse associations between the skel-
etal muscle mass and subclinical atherosclerosis have presumed
that these phenomena may share a similar pathway and thus fa-
cilitate mutual abnormalities [12-15]. Moreover, several studies
have examined the differential effects of various skeletal muscle
mass and BMI categories on the risks of CVD or metabolic disor-
ders [3-7], as skeletal muscle mass and obesity are not independ-
ent factors. One study reported that individuals with lower skele-
tal muscle mass and a lower BMI were at high risk [6], whereas
others reported that those with lower skeletal muscle mass and a
higher BMI were at high risk [3,4]. Still other studies found that
individuals with lower skeletal muscle mass were at high risk for
CVD or hypertension, regardless of BMI [5,7]. In contrast, some
studies did not find any independent associations between skele-
tal muscle mass and subclinical atherosclerosis [16,17].

Although the mechanism underlying the potential association
between low skeletal muscle mass and arterial wall thickening is
unclear, both a decrease in skeletal muscle mass and an increase
in arterial wall thickness may be age-related. Most previous stud-
ies about muscle mass, atherosclerosis, and CVD have mainly
evaluated elderly populations [3,4,7,13,18,19]. Only a few studies
have suggested that the inverse relationship between skeletal mus-
cle mass and CVD risk was significant not only for elderly indi-
viduals, but also for middle-aged individuals [5,20]. In the current
study, we also found an independent association between low
skeletal muscle mass and arterial wall thickening in middle-aged
non-obese men. To investigate whether there were different asso-
ciations according to young and old age, we performed an addi-

tional analysis stratified by age subgroups (age <55 vs. >55
years). However, we were not able to examine the direct effect of
age on the association between low skeletal muscle mass and arte-
rial wall thickening (data not shown).

In this study, according to the stratified analysis (Table 2), the
inverse association of skeletal muscle mass with arterial wall
thickness was significant only in men with lower BMIs, but not in
those with higher BMIs. In the combined analysis (Figure 1), we
used a single reference group that consisted of non-obese men
with the highest quartile of skeletal muscle mass. Non-obese men
had a gradually higher risk of arterial wall thickening as skeletal
muscle mass decreased compared with the reference group. How-
ever, obese men had a significantly higher risk of arterial wall
thickening, regardless of skeletal muscle mass, compared with the
reference group. Currently, the mechanisms underlying the dif-
ferential relationship of skeletal muscle mass and arterial wall
thickness according to BMI status remain unclear, although the
presence of inflammatory markers might partially explain the ob-
served outcomes. Previous animal and human studies have sug-
gested associations of low-grade inflammation with low skeletal
muscle mass [21], obesity [22], and atherosclerosis [23], although
these relationships are not fully understood. In the current study,
obese men regardless of skeletal muscle mass and non-obese men
with low skeletal muscle mass had low-grade inflammation (data
not shown), which may have affected arterial wall thickening.
Previous studies have suggested that physical activity [24] and in-
sulin resistance [18] might also exhibit differential relationships
with skeletal muscle mass decline and arterial wall thickening ac-
cording to obesity. To determine whether insulin resistance
played a role in the association between low skeletal muscle mass
and arterial wall thickening, we additionally adjusted for the insu-
lin resistance index (data not shown); this caused the effect of low
skeletal muscle mass to diminished to borderline in men with
lower BMIs, suggesting that insulin resistance may partially but
not fully explain the association between low appendicular skele-
tal muscle mass and arterial wall thickening.

As we mentioned, the significant relationship between low
skeletal muscle mass and the highest quartile of IMT was not ob-
served in women. Although the mechanism is unclear, there are
some possible explanations. First, biological differences between
genders might modify the effect of skeletal muscle mass on arteri-
al wall stiffness or thickness. Age-related declines in skeletal mus-
cle mass and muscle strength affect both genders, but are more
prominent in men than in women [25]. Second, gender differ-
ences can also be attributed to gender-specific effects of sex hor-
mones. In men, changes in skeletal muscle mass are controlled by
testosterone levels, whereas women have much lower absolute
degrees of decline in testosterone relative to men and therefore do
not experience the effects of testosterone on skeletal muscle mass.
Female sex hormones, especially estrogen, provide protective ef-
fects on cardiovascular function by directly modulating the renin-
angiotensin-aldosterone system [26,27]. Lastly, different lifestyle
factors between genders, such as smoking status and alcohol in-
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take, could affect the relationship between skeletal muscle mass
and arterial wall thickness. In this aspect, women would likely be
less affected by skeletal muscle mass declines than men. This find-
ing is consistent with those of a few previous reports [12,15].

The current study also had some limitations of note. First, this
study was cross-sectional in nature; therefore, the causal associa-
tion between low muscle mass and arterial wall thickening is un-
certain. Second, our estimation of skeletal muscle mass did not
involve highly accurate modalities such as dual-energy X-ray ab-
sorptiometry (DEXA), computed tomography, or magnetic reso-
nance imaging. However, BIA is a non-invasive method for as-
sessing skeletal muscle mass that is useful in large population-
based studies. Previous studies have reported a good linear corre-
lation of the BIA and DEXA methods for estimating skeletal mus-
cle mass in healthy populations, regardless of gender, age, and race
[28-30]. One such study of healthy men and women reported
strong correlations of body composition parameters (correlation
coefficients, 0.82 to 0.95) measured using BIA and DEXA [29].
However, a weakness of the BIA method is the potential effect of
the participant’s hydration status. Accordingly, we asked our par-
ticipants to fast for at least 8 hours to reduce the possibility of
measurement errors. Finally, BMI has limitations as an index of
obesity, since it reflects not only fat mass, but also muscle mass.

In conclusion, we observed associations of low appendicular
skeletal muscle mass with high IMT and carotid artery plaque in
men with lower BMISs, but not in those with higher BMISs, even af-
ter adjusting for traditional cardiovascular risk factors. In women,
there was no significant association of low appendicular skeletal
muscle mass with high IMT and carotid artery plaque, regardless
of BMI. Our findings suggest that the risk of atherosclerosis may
be low in middle-aged Korean men with an appropriate body
weight and skeletal muscle mass maintenance. Further prospec-
tive studies are needed to confirm that increasing skeletal muscle
mass could decrease the risk of atherosclerosis in middle-aged
Korean men with an appropriate body weight.
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