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Aim: A link between low muscle mass and arterial stiffness is not always consistent. In

this study, we aimed to evaluate the clinical significance of low skeletal muscle mass in

relation to arterial stiffness measured by the cardio-ankle vascular index (CAVI).

Methods: A total of 2,561 asymptomatic Korean subjects who underwent bioelectrical

impedance analysis (BIA) and CAVI were included for analysis. Using appendicular

skeletal muscle mass (ASM), classes I and II sarcopenia were defined as ASM% greater

than 1 standard deviation (SD) and 2 SDs below the gender-specific mean of healthy

young Korean adults.

Results: Compared to normal, CAVI was significantly higher, but the number of patients

with a low ankle-brachial index (ABI) was not significantly different (p < 0.001 for

CAVI, p = 0.078 for ABI). Classes I and II sarcopenia showed an independent and

significant association with CAVI (estimate 0.148, standard error (SE) 0.043, p < 0.001

and estimate 0.304, SE 0.073, p < 0.001 for classes I and II sarcopenia, respectively,

adjusted for age groups, gender, body mass index (BMI) ≥25, hypertension, diabetes,

hypercholesterolemia, and smoking).

Conclusion: Low muscle mass is independently and significantly associated with

increased CAVI, and should be considered when managing asymptomatic subjects to

assess the risk of atherosclerosis.
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HIGHLIGHTS

- Arterial stiffness, as measured by the cardio-ankle vascular index (CAVI), is significantly higher
in the presence of low muscle mass, even in apparently healthy populations.

- Low muscle mass is a parameter that is independently and inversely associated with CAVI,
adjusting for age and known risk factors of atherosclerosis.

- Although an exact causal relationship is still to be elucidated, a decline in muscle mass should be
of concern in the assessment of metabolic and cardiovascular risk even in apparently healthy
populations, as CAVI is associated with various metabolic parameters, atherosclerosis, and
cardiovascular diseases.
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INTRODUCTION

The decrease in skeletal muscle mass is one of the organ
changes representative of the aging process. The progressive
loss of the quantity and quality of skeletal muscle is related to
various health problems in the aging society as sarcopenia is
associated with metabolic parameters (1), physical dysfunction
and dependence (2), and increased morbidity and mortality
(3, 4). In addition to aging, cellular and molecular mechanisms,
such as oxidative stress (5), inflammation, insulin resistance (6),
and hormonal factors (7, 8), are known to play roles in the process
of sarcopenia, which are also known as predisposing factors for
atherosclerosis, resulting in increased cardiovascular morbidity
and mortality. According to Campo et al. (9), the lack of muscles,
rather than increased fatty tissue, is associated with subclinical
atherosclerosis and endothelial dysfunction, suggesting that
muscle mass and strength are the key determinants in patients
with sarcopenia. Sarcopenia is becoming an unavoidable concern
in Korea as well, as the number of elderly population is increasing
at a rapid pace and the medical cost is rapidly becoming a
significant social burden.

Arterial stiffness can be measured by various methods, such
as pulse wave velocity (PWV) (10), pulse pressures (11), and
cardio-ankle vascular index (CAVI) (12). The measurement of
PWV is widely accepted, but study accuracy is affected by
blood pressure during measurement. CAVI reflects the stiffness
of the whole arterial segment, independent of blood pressure
(13). Previous studies have shown a significant association
of CAVI with coronary atherosclerosis (14), cardiac function
(15), arrhythmias (16), cerebrovascular disease (17), and other
metabolic parameters (18, 19). A meta-analysis of cross-sectional
studies showed a negative correlation of muscle mass and PWV,
with different ethnics and measurement methods (20), but the
association between CAVI and muscle mass showed inconsistent
results. In the Caucasian population, a strong association was
found between CAVI and skeletal mass index (7), whereas
in a Korean study, the significance of muscle mass deficit
lost its power after adjusting for confounders (21). Preexisting
ethnic difference in muscle mass, especially skeletal muscle mass
(22), and the development or progression of atherosclerosis
would affect the interpretation and significance of cardiovascular
risk factors.

Thus, in this study, we aimed to evaluate the association
between low muscle mass and arterial stiffness measured by
CAVI, in asymptomatic Korean subjects.

METHODS

Study Population
The study was based on retrospective review of medical records.
Of all subjects who underwent a health check-up evaluation at
Seoul National University Hospital Gangnam Center from 2018
to 2020, we retrieved 2,933 subjects with CAVI. Exclusion criteria
were: other ethnicities (n = 173), no bioelectrical impedance
analysis (BIA, n = 122), history of myocardial infarction (n
= 23) or known angina (n = 40), and history of stroke (n
= 14). A total of 2,561 asymptomatic Korean subjects without

known cardiovascular or cerebrovascular disease were included
in the analysis.

Comorbidities of each subject were reviewed based on
subject-recorded questionnaires and medications. Hypertension
was defined as measured blood pressure ≥ 140/90 mmHg or
taking antihypertensive medications (23), diabetes was defined
as taking any glucose-lowering agents, fasting glucose ≥126
mg/dl, or glycated hemoglobin (HbA1C) ≥ 6.5% (24), and
hypercholesterolemia was defined as taking lipid-lowering agents
or low-density lipoprotein (LDL) cholesterol ≥ 160 mg/dl (25,
26). Based on subject-recorded questionnaires, subjects were
categorized as never smokers, ex-smokers, and current smokers.
Ex-smokers were defined as those who had smoked more than
100 cigarettes in their lifetime but had not smoked in the last 28
days. Never smokers were those who had not smoked more than
100 cigarettes in their lifetime and did not currently smoke.

The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki and was approved by
the Institutional Review Board of Seoul National University
Hospital (IRB No. H-1606-102-771). Because the current study
was performed with a retrospective design using a database
and medical records, informed consent was waived by the
Institutional Review Board of Seoul National University Hospital.

Measurement of Anthropometric and
Laboratory Parameters
Body weight, height, and waist circumference (WC) were
measured on the day of the examination. Height and body weight
were measured with a digital scale. WC was measured at the
midpoint between the lower costal margin and the iliac crest
by a well-trained nurse. Body mass index (BMI) was calculated
using height and weight according to the formula: BMI= weight
(kg)/height (m2).

All subjects were fasting for at least 12 h prior to laboratory
tests. Blood tests included total cholesterol, triglyceride (TG),
high-density lipoprotein (HDL) cholesterol, LDL cholesterol,
fasting glucose, HbA1c, high-sensitivity C-reactive protein
(hsCRP), blood urea nitrogen, and creatinine. Glomerular
filtration rate (GFR) was calculated according to theModification
of Diet in Renal Disease (MDRD) equation as follows: GFR
(ml/min/1.73 m2) = 186 × serum creatinine−1.154 × age−0.203

× 0.742 (if female).

Body Composition Analysis
Bioelectrical impedance analysis with the InBody720 body
composition analyzer (InBody Co., Ltd., Seoul, Korea) was used
for body composition analysis. Subjects were in the standing
position for 5–10min with legs slightly separated and the arms
slightly abducted from the trunk. Subjects were instructed to hold
the handles of the analyzer, for contact with the electrodes on
each limb. After stabilization of the measurements, impedance
was provided for each segment, including the trunk and the four
limbs, by performing multi-frequency measurements to estimate
appendicular skeletal muscle mass (ASM) (27, 28).
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Definition of Sarcopenia
Appendicular skeletal muscle mass (kg) was calculated as the
sum of lean muscle mass in the bilateral upper and lower limbs.
ASM % was calculated as ASM/weight (kg) × 100, modified
from Janssen’s study (29). Class I sarcopenia was defined as
ASM% beyond 1 standard deviation (SD) and <2 SD, and class
II sarcopenia was defined as 2 SD below the gender-specific
mean of healthy young adults according to the nationwide health
examination of the Korean population (30). The cutoff values
for ASM% were 32.2 in men and 25.6 in women for class I
sarcopenia, and 29.1 in men and 23.0 in women for class II
sarcopenia (30).

Measurement of Arterial Stiffness Using
CAVI
For the measurement of CAVI, A VaSera VS-1000 (Fukuda
Denshi Co. Ltd., Tokyo, Japan) was used by the methods
described previously (12, 14, 31). A 5-min rest was given before
measurement in a sitting position. Brachial pulse pressure was
measured with an automatic cuff oscillometric device, and the
average of two readings was used to determine systolic and
diastolic pressures and pulse pressure. In the supine position,
cuffs were applied to four extremities at both upper arms
and ankles and, after 10min of rest, the measurement was
performed (12, 14, 31). A phonocardiogram was placed at the
border of the right sternum, in the second intercostal space, and
electrocardiogram leads were attached to both wrists. Dividing
the vascular length (L) by the time (T) taken for the pulse wave to
propagate from the aortic valve to the ankle, PWVwas calculated.
T is calculated by summing the time between the rise of the
brachial pulse wave and the rise of the ankle pulse wave and
the time between the aortic valve closure sound and the notch
of the brachial pulse wave. Using the following equation, CAVI
was determined;

CAVI = a[(2ρ/1P)××ln(Ps/Pd)× PWV2]+ b

where Ps and Pd are systolic and diastolic blood pressures,
respectively, 1P is Ps-Pd, ρ is the blood density, and a and b
are constants (12). The ankle-brachial index (ABI) was measured
during CAVI, and the mean value of the right and left CAVI was
used for analysis.

Statistical Analysis
Data are expressed as mean ± SD. Comparison of baseline
characteristics according to normal, classes I and II sarcopenia
was performed by one-way analysis of variance (ANOVA)
for continuous variables. Independent t-test was performed
for comparison of continuous variables between two groups.
Categorical variables were compared by chi-squared analysis.
Linear regression analysis was applied to evaluate the correlation
of CAVI with each parameter, and a general linear model was
used to evaluate the significance of classes I and II sarcopenia
in determining CAVI, adjusting for age, and other known
cardiovascular risk factors. For multivariate analysis, age was
categorized into groups of 20 years, and the stepwise backward
method was applied. For all statistical analyses, the statistical

software package (SPSS 17.0, SPSS, Inc., Chicago, IL, USA) and R
were used and a p < 0.05 was considered statistically significant.

RESULTS

The baseline characteristics of the study subjects are shown
in Table 1. Class I and II sarcopenia groups were significantly
older (p < 0.001) and obese (p < 0.001), and had a greater
number of men (p < 0.001) compared to the normal group.
Hypertension, diabetes, and hypercholesterolemia were more
prevalent in both class I and II sarcopenia groups (p < 0.001
for all three comorbidities). Systolic and diastolic blood pressures
and pulse pressure were higher in sarcopenia groups than in
the normal group. Total cholesterol (p = 0.001), TG (p <

0.001), and HDL cholesterol (p < 0.001) showed significant
differences among the three groups, whereas LDL cholesterol
levels did not differ (p = 0.237). Both fasting glucose and
HbA1C were higher in class I and II sarcopenia groups than
in the normal group (p < 0.001 for glucose and HbA1C).
An ABI <0.9 was found in 17 (1.2%) subjects in the normal
group and 4 (0.5%) subjects with class I sarcopenia. None
of the subjects with the class II sarcopenia group had a
low ABI.

When class I and II sarcopenia were compared, the prevalence
of hypertension and diabetes was significantly more common in
class II sarcopenia (50.5 vs. 37.4%, p < 0.001 for hypertension,
22.8 vs. 14.2%, p < 0.001 for diabetes). BMI, WC, TG, glucose,
and HbA1C levels were also significantly higher in class II
sarcopenia than in class I sarcopenia (27.9 ± 3.4 vs. 25.6 ± 2.4,
p< 0.001 for BMI; 98± 8 vs. 92± 7, p< 0.001 for WC; 150± 92
vs. 137 ± 79, p < 0.001 for TG; 115 ± 29 vs. 108 ± 21, p < 0.001
for glucose; and 6.1 ± 0.9 vs. 5.9 ± 0.7, p < 0.001 for HbA1C).
CAVI did not differ significantly between class I and II sarcopenia
(p= 0.066).

Association of Each Parameter With
Increasing Arterial Stiffness
Age, male gender, and the presence of hypertension, diabetes,
and hypercholesterolemia were associated with increased arterial
stiffness (Table 2). Systolic blood pressure and pulse pressure
showed a positive correlation with CAVI (p < 0.001 for both).
From blood tests, total cholesterol, LDL cholesterol, and GFR
showed a negative correlation with CAVI, whereas glucose and
HbA1C showed a positive association with CAVI. Decreased
ASM% was significantly related to increased CAVI. CAVI was
significantly higher in both class I and II sarcopenia groups
(p < 0.001 for both class I and II sarcopenia) than in the
normal group.

Significance of Sarcopenia in Relation to
Arterial Stiffness
Multiple multivariate models were evaluated to adjust
for known cardiovascular risk factors affecting CAVI.
Model I, with age in groups, gender, and BMI ≥ 25
adjusted, showed that both class I and II sarcopenia were
significant factors affecting CAVI (estimate 0.198, standard
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TABLE 1 | Baseline characteristics of the study subjects.

Parameters Normal

(n = 1,478)

Class I

Sarcopenia

(n = 875)

Class II

Sarcopenia

(n = 206)

p-value

Age as continuous

variable

56 ± 9 58 ± 10* 60 ± 12* <0.001

Male gender 943 (63.8%) 718 (82.1%)* 173 (84.0%)* <0.001

Comorbidities

Hypertension 299 (20.2%) 327 (37.4%)* 104 (50.5%)*
†

<0.001

Diabetes mellitus 127 (8.6%) 124 (14.2%)* 47 (22.8%)*
†

<0.001

Hypercholesterolemia 362 (24.5%) 323 (36.9%)* 79 (38.3%)*
†

<0.001

Smoking 0.123

Never 1118 (75.6%) 616 (70.4%) 151 (73.3%)

Ex smoker 86 (5.8%) 59 (6.7%)* 13 (6.3%)

Current smoker 273 (18.5%) 198 (22.6%)* 41 (19.9%)

Anthropometric parameters

BMI, kg/m2 22.8 ± 2.3 25.6 ± 2.4* 27.9 ± 3.4*
†

<0.001

BMI≥25 258 (17.5%) 521 (59.5%)* 173 (84.0%)*
†

<0.001

Waist circumference, cm 84 ± 7 92 ± 7* 98 ± 8*
†

<0.001

SBP, mmHg 119 ± 16 124 ± 15* 126 ± 17* <0.001

DBP, mmHg 80 ± 11 82 ± 10* 83 ± 11* <0.001

PP, mmHg 39 ± 12 42 ± 13* 43 ± 13* <0.001

Laboratory parameters

Total cholesterol, mg/dL 191 ± 36 185 ± 38* 188 ± 42* 0.001

Triglyceride, mg/dL 110 ± 67 137 ± 79* 150 ± 92*
†

<0.001

HDL-cholesterol, mg/dL 56 ± 14 51 ± 12* 52 ± 16* <0.001

LDL-cholesterol, mg/dL 123 ± 32 120 ± 34 121 ± 36 0.237

Glucose, mg/dL 103 ± 19 108 ± 21* 115 ± 29*
†

<0.001

HbA1c, % 5.7 ± 0.6 5.9 ± 0.7* 6.1 ± 0.9*
†

<0.001

Blood urea nitrogen, mg/dL 13.9 ± 3.7 14.5 ± 3.7* 14.6 ± 3.7* <0.001

Creatinine, mg/dL 0.86 ± 0.19 0.90 ± 0.18* 0.86 ± 0.23 <0.001

GFR,

mL/min/1.73m2

86 ± 16 86 ± 28 85 ± 21 0.750

hsCRP, mg/dL 0.10 ± 0.43 0.13 ± 0.27 0.16 ± 0.30 0.052

ASM% 32.0 ± 3.2 29.7 ± 2.6* 26.7 ± 3.0*
†

<0.001

CAVI 7.8 ± 1.0 8.1 ± 1.1* 8.3 ± 1.4* <0.001

ABI<0.9 17 (1.2%) 4 (0.5%) 0 (0%) 0.078

ABI, ankle-brachial index; ASM, appendicular skeletal muscle mass; BMI, body mass

index; CAVI, cardio-ankle vascular index; DBP, diastolic blood pressure; GFR, glomerular

filtration rate; HbA1C, glycated hemoglobin; HDL, high density lipoprotein; hsCRP, high

sensitivity C reactive protein; LDL, low density lipoprotein; PP, pulse pressure; SBP, systolic

blood pressure.

*p < 0.05, compared to normal.
†
p < 0.05, compared to class I sarcopenia.

error (SE) 0.044, p < 0.001 for class I sarcopenia and
estimate 0.424, SE 0.075, p < 0.001 for class II sarcopenia,
Table 3). Further decrease in ASM, given by comparing
class II to class I sarcopenia, still showed a positive
association with arterial stiffness (estimate 0.241, SE 0.080,
p= 0.003).

In model II, the adjusted variables were age groups, gender,
BMI≥25, systolic blood pressure, LDL cholesterol, and HbA1C.
Both class I and II sarcopenia were still significant parameters
in association with increased CAVI (estimate 0.146, SE 0.042,
p = 0.001 for class I sarcopenia and estimate 0.302, SE 0.073,

TABLE 2 | The association of parameters in association with arterial stiffness.

EstimateStandard ErrorP-value

Age as continuous

variable

0.069 0.002 <0.001

Age groups compared to

20–39

Age 40–59 0.771 0.102 <0.001

Age ≥60 1.850 0.104 <0.001

Male gender 0.112 0.048 0.018

Comorbidities

Hypertension 0.457 0.042 <0.001

Diabetes mellitus 0.754 0.054 <0.001

Hypercholesterolemia 0.359 0.043 <0.001

Smoking

Ex smoker −0.007 0.090 0.937

Current smoker −0.155 0.054 0.004

Anthropometric parameters

BMI≥25 −0.177 0.044 <0.001

Waist circumference, cm 0.004 0.003 0.087

SBP, mmHg 0.019 0.001 <0.001

DBP, mmHg 0.004 0.002 0.080

PP, mmHg 0.028 0.002 <0.001

Laboratory parameters

Total cholesterol, mg/dL −0.003 0.001 <0.001

Triglyceride, mg/dL 0.000 0.000 0.948

HDL cholesterol, mg/dL −0.002 0.002 0.166

LDL cholesterol, mg/dL −0.004 0.001 <0.001

Glucose, mg/dL 0.013 0.001 <0.001

HbA1c, % 0.422 0.030 <0.001

Blood urea nitrogen, mg/dL 0.060 0.006 <0.001

Creatinine, mg/dL 0.325 0.110 0.003

GFR, mL/min/1.73m2 −0.006 0.001 <0.001

hsCRP, mg/dL 0.077 0.058 0.184

ASM% −0.024 0.006 <0.001

Sarcopenia compared to normal muscle group

Class I sarcopenia 0.238 0.046 <0.001

Class II sarcopenia 0.433 0.080 <0.001

ASM, appendicular skeletal muscle mass; BMI, body mass index; DBP, diastolic blood

pressure; GFR, glomerular filtration rate; HbA1C, glycated hemoglobin; HDL, high density

lipoprotein; hsCRP, high sensitivity C-reactive protein; LDL, low density lipoprotein; PP,

pulse pressure; SBP, systolic blood pressure.

p < 0.010 for class II sarcopenia). Model III included the
traditional risk factors of atherosclerosis, which were age groups,
gender, BMI ≥ 25, the presence of hypertension, diabetes,
hypercholesterolemia, and smoking history. Class I and II
sarcopenia were both significant parameters in association with
CAVI in model III (estimate 0.148, SE 0.043, p = 0.001 for class
I sarcopenia and estimate 0.304, SE 0.073, p < 0.001 for class
II sarcopenia).

DISCUSSION

In this study, we evaluated the significance of sarcopenia in
relation to arterial stiffness in the general Korean population. Our
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TABLE 3 | Multivariate analysis to determine the significance of sarcopenia in

arterial stiffness.

Estimate Standard Error P-value

Model I
Class I sarcopenia 0.198 0.044 <0.001

Class II sarcopenia 0.424 0.075 <0.001

Model II
Class I sarcopenia 0.146 0.042 0.001

Class II sarcopenia 0.302 0.073 <0.001

Model III
Class I sarcopenia 0.148 0.043 0.001

Class II sarcopenia 0.304 0.073 <0.001

Adjusted variables for model I; age, sex, and BMI ≥ 25.

Adjusted variables for model II: age, sex, BMI ≥ 25, SBP, LDL-cholesterol, and HbA1c.

Adjusted variables for model III: age, sex, BMI≥25, HTN, DM, hypercholesterolemia,

and smoking.

BMI, body mass index; DM, diabetes mellitus; HbA1C, glycated hemoglobin; HTN,

hypertension; LDL, low-density lipoprotein; SBP, systolic blood pressure.

result shows that both class I and II sarcopenia are independently
associated with increased arterial stiffness measured by CAVI,
even after adjusting for age and traditional cardiovascular
risk factors.

Pulse wave velocity has been used as a parameter of
arterial stiffness for a long time previously, despite the innate
limitation of blood pressure dependence (32–36), as have
other parameters of arterial stiffness. Recent data have shown
that CAVI has an even stronger association with sarcopenia
compared with PWV (7) although the study population
has different ethnic backgrounds. The Health, Aging, and
Body Composition (Health ABC) study (37) had suggested
a racial and gender difference in the link between arterial
stiffness and declined muscle mass; Abbatecola et al. found
a significant PWV-by-race interaction in women, but not
in men. Sex hormones and their association with arterial
stiffness is rather complex, especially in the women population
with variable menstrual status. Laakkonen et al. reported that
age- and hormone-mediated associations in arterial stiffness
cannot be differentiated, but still suggested that the potential
role of sex hormones as hormonal status was differentially
associated with arterial stiffness in age-group focused analyses
(38). Overall, there may be a hormonal influence, albeit its
power as a cardiovascular risk factor over other traditional
risk factors may not be very strong. Although the exact
mechanisms to explain the difference among women of
different ethnicities were not given, a different hormonal
constitution was suggested as one of the possible explanations for
gender differences.

Arterial stiffening is caused by complex mechanisms, mainly
affected by atherosclerosis. Arterial stiffness and atherosclerosis
share some common pathophysiological mechanisms and may
be considered synergistic processes that contribute each other
in the development of cardiovascular disease (39, 40). Arterial
stiffness is an established parameter that reflects the progression
of atherosclerosis and, subsequently, cardiovascular disease

(41, 42). Most of the erstwhile measurement methods for arterial
stiffness had the common limitation that they were affected by
blood pressure during measurement, which hindered the clinical
application of these methods, especially for a screening purpose.
CAVI, a relatively new indicator of arterial stiffness, has overcome
such limitation and reflects both functional and organic stiffness;
it is relatively independent of blood pressure, with an established
role as a screening tool as a measure of arterial stiffness (12, 14,
19, 31, 39, 40, 43).

Some recent studies reported the association between muscle
mass and CAVI. CAVI has shown an independent association
with skeletal muscle mass by BIA in Japanese men (44). A
European Caucasian study from Kirkham et al. (7) also showed
that CAVI, among other parameters of vascular stiffness, showed
the highest correlation with skeletal mass index, especially in
women. Although in a limited population, CAVI has shown
a positive association with muscle mass deficit in middle-aged
Korean men (21). Im et al.’s study showed that the odds ratio
for high CAVI increased with muscle mass deficit in a dose-
dependent manner, although the significance disappeared after
adjusting for other variables. Our study shows a consistent
finding of an independent and significant association between
increased CAVI and decreased skeletal muscle mass in the
general Korean population. Furthermore, we found that the
relationship between sarcopenia and CAVI remained significant
after adjusting for traditional cardiovascular risk factors, which
can affect arterial stiffness.

The link between muscle mass and arterial stiffness seems
to be established although it is still unclear about the
conditional relations. Arterial stiffness is considered as an
important parameter reflecting endothelial dysfunction, and
is also associated with reduced blood flow in the lower
extremities in the elderly (45, 46). Some studies suggested that
microvascular dysfunction was an explanation to the link, which
increased arterial stiffness and subsequent reduced blood flow
to the limbs lead to muscle decline (37). From these data,
the resulting increased arterial stiffness contributes to higher
arterial resistance to blood flow and eventually reduced blood
flow to the lower extremities. It may be associated with the
development or worsening of decreased muscle mass although
the casual relationship of sarcopenia and increased arterial
stiffness is still unclear. Some studies have suggested that
arterial stiffness was a cause of decreased muscle mass (37),
whereas in others, decreased muscle mass was the predisposing
factor for increased arterial stiffness (7, 34). In our study, the
number of patients with low ABI was not significantly higher
in class I or II sarcopenia. At least in our study population,
which can be considered as a representative for the general
and healthy Korean population, it is more likely that low
muscle mass is the predisposing condition related to increased
arterial stiffness. Reduced muscle mass is related to low physical
activity, insulin resistance and abnormal glucose metabolism,
chronic inflammatory state, oxidative stress, and hormonal
factors (47–50), which are all significant contributors to increased
arterial stiffness.
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LIMITATIONS

As our study is cross-sectional, it is still unclear whether
this relationship between sarcopenia and arterial stiffness has
a causal relationship and which parameter is the cause and
which is the consequence. Possible mechanisms have been
suggested to explain the link, but the causality or consequences
of sarcopenia are yet to be elucidated further. For the
arterial stiffness measurement method, we only performed
CAVI, and comparison to other measurement methods is
not available. However, the advantage of CAVI over other
traditional methods is already well known, therefore our
center has taken CAVI as a screening tool. We only had
BIA data available to determine muscle mass. Other measures
evaluating muscle strength or physical performance, which are
also important components in the diagnosis of sarcopenia,
were not available. Regarding the gender difference on arterial
stiffness, our study population is male-predominant and the
precise hormonal status of the female population was not
available, and thus this parameter could not be evaluated in
relation to CAVI. Despite these limitations, our study includes a
significant number of the general asymptomatic population with
a homogeneous ethnicity with information on comorbidities
and medical history to differentiate those with established
vascular diseases.

CONCLUSION

Low muscle mass is a parameter that is independently and
inversely associated with CAVI, adjusting for age and known
cardiovascular risk factors. The decline in skeletal muscle mass
should be of concern in the assessment of metabolic and
cardiovascular risks, even in the apparently healthy population,
as CAVI is associated with various metabolic parameters,
atherosclerosis, and cardiovascular diseases. Further longitudinal

study should be performed to elucidate the causal relationship
between sarcopenia and CAVI.
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