Correlation between sarcopenia and arteriosclerosis in elderly
community dwellers: A multicenter study
Ting Sun
Bengbu Medical College https://orcid.org/0000-0002-7961-5395
Zuchang Ma
Institute of Science and Technology Chinese Academy of Sciences
Lisheng Gao
University of the Chinese Academy of Sciences
Hui Xie (  hui2122@hotmail.com )
Bengbu Medical College

Research article
Keywords: Arteriosclerosis, Sarcopenia, Handgrip stretch, Pulse wave
Posted Date: August 20th, 2020
DOI: https://doi.org/10.21203/rs.3.rs-58740/v1
License:   This work is licensed under a Creative Commons Attribution 4.0 International License. Read Full License

Page 1/10

Abstract

Background
Evidence suggests that arteriosclerosis and sarcopenia (decreased muscle mass) share some of their many causes. However, after controlling for
confounding factors, it is unclear whether the presence of arteriosclerosis correlates with sarcopenia. The aim of this paper is to explore whether
sarcopenia is associated with arteriosclerosis.

Methods
A total of 2511 elderly subjects from six Chinese community health service centers in Anhui province were surveyed through an e-health promotion
system to collect basic data and measurements of brachial-ankle pulse wave (baPWV), body composition, and handgrip strength (HGS). Pearson's
correlation and binary logistic regression analyses were performed to identify associations between sarcopenia and high baPWV.

Results
The prevalence rates of sarcopenia were 12.9% in men and 15.3% in women according to the 2019 standard of Asian Working Group for
Sarcopenia. Among subjects with high baPWV, the proportion of sarcopenia was higher compared to those with normal baPWV (men: 17.7% vs
3.7%; women: 20.4% vs 4.9%, both P < 0.001). Binary logistic regression analysis revealed that sarcopenia was associated with high baPWV (P <
0.0001, odds ratio 1.619) after adjusting for confounding factors. HGS slightly and negatively correlated with baPWV (-0.19 in men and − 0.18 in
women).

Conclusions
The intertwined pathophysiological mechanisms shared by arteriosclerosis and sarcopenia are potential targets for future interventions to reduce
morbimortality in subjects with both disorders. Upcoming prospective studies and clinical trials are expected to advance these findings.

Background
Sarcopenia is a geriatric syndrome characterized by loss of muscle mass, muscle strength, and physical function [1]. The Asian Working Group for
Sarcopenia (AWGS) 2014 consensus defined sarcopenia as an age-related illness with the symptoms mentioned above [2]. Increasing evidence
demonstrates that sarcopenia is associated with many negative outcomes such as functional disability, poor quality of life, falls, and increased
mortality; the condition has complex interactions with many chronic diseases such as cancer and diabetes [1]. The incidence of sarcopenia
increases with age but varies strongly depending on the use of varying definitions and related cut-off points. At present, there are two
internationally recognized evaluation criteria: one from the AWGS [2] and another from the European Working Group on Sarcopenia in Older People
(EWGSOP) [3]. Both guidelines recommend the presence of both low muscle mass and low muscle function (strength or physical performance) for
sarcopenia diagnosis, but there are slight differences in cut-off points [2, 3]. According to the AWGS definition, the prevalence in Asian communitydwelling elder adults varies between 8.2% and 25.7% [4–14].
Pulse wave velocity (PWV) is proportional to arterial wall firmness [15] and has two principal functions. First, PWV can indicate an elevated risk of
progressive organ dysfunction (e.g., high blood pressure or renal failure). Second, PWV can facilitate a diagnosis of heart disease [16]. According
to the Japanese Guidelines for Noninvasive Vascular Function Test (JCS2013), lifestyle changes should be suggested for subjects with a brachialankle PWV (baPWV) of 1400 cm/s, which equates to a moderate Framingham risk score. At this level, there is a high risk of developing high blood
pressure [17].
Arteriosclerosis and loss of muscle mass (decreased muscle function) share some cause, including age-related changes, hypokinesia, nutrition
status, inflammation, vitamin-D level, insulin resistance, low bone density, and hormonal imbalance, which complicates the relationship between
arteriosclerosis and sarcopenia [18]. For example, we know that the growth hormone (GH) and insulin-like growth factor-I (IGF-1) levels decline with
age and are associated with loss of mobility and muscle mass, as well as cardiovascular complications. GH and IGF-1 mediate a variety of protein
synthesis and degradation pathways that play important roles in increasing and rebuilding muscle fiber, strength and function. Through its
receptor, IGF-1 exerts a variety of physiological and pathophysiological functions on the vasculature, including stimulation of smooth muscle cell
(SMC) proliferation, migration, and apoptosis. Decreases in IGF-1 may change the structure of vascular SMCs, which will lead to hypertension and
other diseases, and it can also promote plaque formation, contributing to atherosclerosis [19].
Here we controlled for age as a confounding factor to determine if there is a correlation between arteriosclerosis and sarcopenia. We assessed
participants (≥ 60 years) who visited Chinese community health service centers located in Anhui province (Hefei, Bengbu, and Chuzhou) for both
Page 2/10

sarcopenia (using AWGS criteria) and baPWV. This study aimed to investigate the associations between the incidence of sarcopenia (including
muscle mass-related parameter and handgrip strength [HGS]) and high baPWV.

Methods
Study population
The cross-sectional data were collected from a community-based study used to identify factors that contribute to non-communicable chronic
diseases. Artificial intelligence methods were applied to examine the impact of health promotions. The data include anthropometric and
biochemical parameters, heart function, lifestyle, illnesses, family medical history, and mental health. An electronic health promotion system was
used to collect data on an annual basis for these dwellers.
Residents were offered the chance to participate in the investigation through six community health service centers located three cities in Anhui
province ( Bengbu, Chuzhou, and Hefei). The total number of participants aged 18 or older was 4529. They were surveyed from June 2018 to
January 2020. Three exclusion criteria were applied: 1896 individuals not aged 60 or older were excluded, 59 participants without baPWV data
were excluded, and 63 participants without HGS data were excluded. This left 2511 participants with sufficient data, including 1475 females and
1036 males. The mean age of the participants was 65.88 (SD 5.81). Each participant was asked to provide written, informed consent for the use of
their data for this research. The Ethics Committee of Bengbu Medical College approved the study protocol (Anhui, China; no. 2018045).
Anthropometric data
Three anthropometric measures were taken for each participant: height, weight, and waist circumference (WC). Height and WC were measured
using a steel measuring tape, and weight was assessed with a bioelectric impedance analyzer (BIA, Model BX-BCA-100; Institute of Intelligent
Machines, Hefei, China). Weight and height were used to calculate BMI.
Body composition measurements
Participants fasted from food and water in the 3 hours prior to measurement. They were told to remove their shoes and socks and position
themselves on the BIA machine. Electrodes were applied to their extremities and the participants were told to lift both arms and touch the
electrodes. Skeletal muscle mass (SMM) was calculated according to the formula SMM (kg)=0.566 * FFM [20]. where FFM denotes the fat free
mass computed by the BIA. Appendicular muscle mass index (AMI) was calculated using the formula AMI = (ASM)/height2 [1], where ASM is
appendicular skeletal muscle mass.
HGS measurements
HGS (defined here as the maximal HGS of the dominant hand) was measured using a spring-type dynamometer (TSN100/200-WL, Ti Shi Neng
Sports Technology company, Beijing, China). While standing and extending their arms at their sides, participants were told to squeeze the
dynamometer as hard as possible for up to 3 seconds. They were asked to do this three times with 30-seconds rests between each attempt.
Measurement of baPWV and definition of high PWV
An IIM-AS-100 system (Institute of Intelligent Machines) was used to record baPWV (m/s). It uses oscillation to record bilateral brachial and
posterior tibial-artery pressure waveforms with cuffs applied to the participants’ arms and ankles. The baPWV for each arterial segment is
computed according to the formula baPWV = path length/time.
The Japanese Guidelines for Noninvasive Vascular Function Test considers a baPWV >14 m/s as unhealthy and suggestive of an elevated risk of
high blood pressure in untreated normotensive individuals [17].
Definition of sarcopenia
Based on the AWGS criteria (2019) [2], sarcopenia is characterized as the incidence of low muscle mass, low muscle strength, and/or low physical
performance. Here, low muscle mass and low muscle strength were used. Low muscle mass was defined as an AMI <7.0 kg/m2 in males and <5.7
kg/m2 in females. Low muscle strength was defined as a HGS <26 kg for males and <18 kg for females.
Data collection
All physical examinations were performed by trained medical staff or medical postgraduate students according to standardized procedures.
Participants were questioned regarding health-related behaviors including cigarette and alcohol consumption and physical activity levels. For
cigarette consumption, total smoking during the subject’s lifetime was calculated based on the quantity of cigarettes that were smoked and the
weekly frequency; this was extended to consumption before quitting for former smokers. The amounts of alcohol in one bottle of the most popular
alcoholic beverages in Anhui province are as follows: beer (500 ml, 3.2% alcohol), 17.5 g; white liquor (450 ml, 42% alcohol), 210 g; and wine (750
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ml, 13.5–14% alcohol), 97.5 g. Daily alcohol consumption was calculated using these values. When data for cigarette and alcohol consumption
were missing, a value of zero was assigned. Subjects were questioned about the types of physical activities in which they engaged, the duration of
activity (minutes), and the frequency (per week). According to activity codes and metabolic equivalent (MET) intensities in the Compendium of
Physical Activities, physical activity time was determined as minutes/MET/day, and missing values were assigned the median value. The
remaining data were collected through self-report questionnaires, and missing values were assigned a value of zero.
Statistical analyses
SPSS v23.0 software (IBM, Armonk, NY, USA) was utilized for data analyses. All continuous variables are expressed as mean±SD. The significance
of differences in baseline characteristics between participants with and without sarcopenia were examined using Student’s t-tests for continuuus
variable and Pearson’s chi-squared tests for discontinuous variable. Significance test calculations were stratified by gender. Student’s t-tests were
also used to assess differences in sarcopenia rates among participants with normal and high baPWV.
HGS/AMI and baPWV were investigated with Pearson’s correlations. Whether Age and prevalence of sarcopenia independently correlated with high
PWV were determined using binary logistic regression models that were adjusted for smoking and drinking levels, sleep issues, kidney/heart
disease, high blood pressure, and physical activity time.

Results
Among the 2511 subjects (1036 [41.3%] women], 1589 [63.3%] 60–69 year-olds, with a mean age of 68.55 years [range, 60–94 years]). Table 1
shows the sample distributions according to sarcopenia status and stratified by sex. A total of 134 (12.9%) men and 226(15.3%) women were
classified as having sarcopenia based on AMI and HGS. Few significant differences were observed among subjects with or without sarcopenia for
weight, height, BMI, WC, cigarette/alcohol consumption, physical activity/sedentary time, sleep disorders, kidney/cardiovascular disease,
hypertension, or AMI for either gender. Exceptions include age, height, and cigarette/alcohol consumption in women, sleep disorder,
kidney/cardiovascular disease, and hypertension in men, for which slight differences were observed (all P < 0.05).
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Table 1
Characteristics of subjects with or without sarcopenia stratified by gender
Male

n = 1036 (41.3%)

Overall sample

Non-sarcopenia

Sarcopenia

(N = 2511)

(n = 902)

(n = 134)

Age, years

68.55(5.81)

69.24(6.1)

70.19(6.36)

0.093

67.85(5.43)

68.73(5.83)

0.028

Weight, kg

64.28(10.31)

69.35(10.02)

69.17(9.82)

0.844

60.77(8.91)

60.53(9.24)

0.706

Height, cm

162.15(7.67)

168.7(5.77)

168.23(5.21)

0.374

157.71(5.26)

156.95(4.71)

0.042

BMI, kg/m2

24.41(3.31)

24.34(3.09)

24.43(3.22)

0.763

24.44(3.45)

24.55(3.46)

0.64

Waist
circumference, cm

89.17(9.71)

90.68(9.35)

90.22(8.22)

0.592

88.16(9.97)

88.09(9.66)

0.922

Cigarette
consumption,
cigarettes/lifetime

28,246.58(1778.67)

63,287.03(4048.14)

76,470.22(11,200.49)

0.246

97.6(39.6)

96.9(14.56)

0.015

Alcohol
consumption,
g/day

3.46(0.29)

7.91(0.74)

6.11(1.48)

0.372

0.57(0.12)

0.11(0.08)

0.002

Physical activity
time,
min/MET/day

257.27(176.18)

261.87(6.24)

238.27(14.15)

0.167

258.88(4.93)

241.28(9.58)

0.103

Sedentary time,
min/day

38.21(1.48)

43.17(2.61)

55.31(7.91)

0.098

35.54(1.98)

33.98(4.47)

0.753

Sleep disorder,
n(%)

333(13.3)

182(14.6)

46(20.4)

0.027

83(9.2)

22(16.4)

0.010

Kidney disease, n
(%)

18(0.7)

5(0.4)

5(2.2)

0.002

6(0.7)

2(1.5)

0.307

Cardiovascular
disease, n (%)

284(11.3)

137(17)

43(19)

0.001

89(9.9)

15(11.2)

0.633

Diabetes, n (%)

348(13.9)

146(11.7)

41(18.1)

0.007

129(14.3)

32(23.9)

0.004

Hypertension, n
(%)

927(36.9)

408(35)

100(45.5)

0.003

356(42)

63(49.2)

0.126

baPWV, m/s

12.68(7.46)

12.15(7.73)

17(4.15)

P<
0.0001

11.84(7.62)

16.84(3.93)

P<
0.0001

Handgrip
strength, kg

16.57(9.8)

21.18(6.2)

19.02(13.05)

0.002

14.83(7.11)

13.72(3.81)

0.001

AMI, kg/m2

4.57(0.8)

5.29(0.63)

5.4(0.68)

0.059

4.04(0.38)

4.08(0.39)

0.199

P
value

Female

n = 1475
(58.7%)

NonSarcopenia

Sarcopenia

(n = 1249)

(n = 226)

P
value

*Continuous variables are presented as mean (standard deviation), and discontinuous variables are presented as number and percentage.
†P values for the difference between sarcopenia and non-sarcopenia groups stratified by gender were determined with t-tests and Chi-squared
tests.
Abbreviations: AMI, appendicular muscle mass index; baPWV, brachial-ankle pulse wave velocity; BMI, body mass index.
Comorbid diabetes was more common in subjects with sarcopenia for both men and women, with rates of 18.1% and 23.9%, respectively (P <
0.01). baPWVs were also increased in subjects with sarcopenia (17 vs 12.15 for men, 16.84 vs 11.84 for women; both P < 0.0001). The opposite
situation was observed for HGS (19.02 vs 21.18 for men, 13.72 vs 14.83 for women, both P = 0.01).
Among subjects with high baPWV, the proportion of sarcopenia was higher than in the normal baPWV group (men: 17.7% [n = 122] vs 3.7% [n = 12];
women: 20.4% [n = 202] vs 4.9% [n = 24]; both P < 0.001) (Fig. 2). The Pearson’s correlation value between AMI and baPWV was not significant (P >
0.05), whereas there was a small but significant negative correlation between HGS and baPWV. Correlation coefficients were − 0.19 and − 0.18 in
men and women, respectively (Fig. 3).
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Table 2 shows the potential main predictors of high baPWV (age, sex, and sarcopenia) using binary logistic regression analyses after adjustment
of confounding factors including cigarette/alcohol consumption, sleep disorders, kidney/cardiovascular disease, hypertension, and physical
activity time. Sarcopenia was associated with an increased likelihood of high baPWV (odds ratio = 1.635, 95% confidence interval = 1.437–7.413).
Neither age nor sex was associated with high baPWV. The model explained 45.9% of the variables.
Table 2
Binary regression analysis of sarcopenia and high baPWV
Variables

OR

95% CI

P value

Age 1 (70–79 years vs 60–69 years )

-0.596

0.359–0.849

0.359

Age 2 (≥ 80 years s 60–69 years )

-0.089

0.612–1.368

0.665

Sex (male vs female )

0.12

0.947–1.343

0.178

Sarcopenia

1.619

1.437–7.413

< 0.0001

*The module adjusted for confounding factors including cigarette/alcohol consumption, sleep disorder,
kidney/cardiovascular disease, hypertension, and physical activity time. Abbreviations: baPWV, brachial-ankle pulse wave velocity; CI,
confidence interval; OR, odds ratio.

Discussion
This study extensively explored the relationship between sarcopenia and arteriosclerosis in a sample of community dwellers ≥ 60 years. The
proportion of sarcopenia was higher in subjects with high baPWV compared to those with normal baPWV. There was a small but significant
negative correlation between HGS and baPWV, but we did not observe an association between AMI and baPWV. After adjusting for multiple
confounders, the presence or sarcopenia was associated with an increased likelihood of high PWV.
We found that sarcopenia was highly prevalent in both genders of elderly Chinese community dwellers (men 12.9% vs women 15.3%), but women
were more susceptible than men. This finding is consistent with previous results. We identified 11 studies addressing the prevalence of sarcopenia
in elderly community-dwelling subjects. Of these, three were conducted in Japan [4–6], seven in the Chinese mainland [7–13], and one in
Taiwan[4–6]. All of these applied the 2014 EWGSOP criteria to define sarcopenia and found that the prevalence ranged from 8.2–25.7%.
Previous reports have described significant and negative associations between arterial stiffness and HGS in nonhypertensive women in both India
and Japan [21]. However, a cross-sectional study showed the opposite result; a total of 400 Dutch men aged 40–80 years were surveyed and
showed that HGS was not associated with arterial stiffness after adjusting for relevant confounders such as age, educational level, comorbidity,
antihypertensive drug use, and smoking and alcohol habits [22]. This discrepant result deserves further study. In terms of the relationship between
skeletal muscle and PWV, Abbatecola et al. conducted a large cohort study and concluded that PWV was independently and inversely associated
with skeletal muscle metrology in Americans aged 70 to 90 years [23]. The variability might be partially explained by different study designs and
populations.
We found that participants with high PVW tended to be more likely to have sarcopenia (men: 17.4%, women: 20.4%) than those with normal PVW
(men: 3.7%, women: 4.9%). Binary logistic regression revealed that sarcopenia was associated with an increased likelihood of high PWV. This
finding is consistent with the report by Hida et al. In a study of 335 Japanese subjects with a mean age of 64.9, risk factors for arteriosclerosis
(hypertension and elevated cholesterol) were higher in subjects with sarcopenia than those without after adjusting for age, sex, and BMI (P < 0.05)
[24].
The relationship between arteriosclerosis and the occurrence and development of arteriosclerosis is complicated. One theory posits that
atherosclerosis develops following molecular and cellular inflammation, which is also an underlying factor [25]. Inflammatory factors such as
tumor necrosis factor and interleukin 6 are important mediators that stimulate protein catabolism, inhibit muscle synthesis, and promote muscle
atrophy [26]. We found that community-dwelling subjects with sarcopenia always showed elevations in blood pressure, serum total cholesterol,
low-density lipoprotein cholesterol, and high-sensitivity C-reactive protein (hs-CRP) [24]. High hs-CRP was also an independent risk factor for
sarcopenia. As a predictor of cardiovascular events, hs-CRP may be associated with physical function, and high levels have been experimentally
associated with an increased risk of reduced muscle strength [27].
Another possible mechanism is insulin resistance (IR), a component of metabolic syndrome, that is associated with obesity, hypertension,
dyslipidemia, and arteriosclerosis. IR is a common intermediate or confounding factor between the conditions of myasthenia gravis and
arteriosclerosis [28]. IR and the associated increase in advanced glycation end products can lead to micro- and macrovascular complications that
directly affect skeletal muscle nutrition [29].
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The third possible mechanism is muscle factor levels. Skeletal muscle produces and releases substances known as muscle factors that can
regulate different metabolic processes. Skeletal muscle-derived factors such as irisin and follistatin-like-1 affect arteriosclerosis, and follistatin-like1 blocks vascular disease progression by inhibiting vascular smooth muscle growth [30]. The relationship between atherosclerosis and sarcopenia
requires more research and further investigation to elucidate the complex underlying mechanisms.

Conclusions
The objective of this study was to investigate a possible association between arteriosclerosis and sarcopenia by measuring HGS and musclerelated parameters. The findings show that baPWV is associated with sarcopenia. The shared pathophysiological mechanisms of arteriosclerosis
and sarcopenia are potential targets for interventions to reduce morbimortality in subjects with these conditions. Future prospective studies and
clinical trials are expected to advance the applicability of these findings.

Abbreviations
baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; MET, metabolic equivalent; WC, waist circumference; HGS, handgrip strength;
AMI, appendicular muscle mass index.
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Figures

Figure 1
Flow diagram of participant recruitment and screening. belaWV. brachial-ankle pulse wave velocity; 11GS. handerm strength.
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Figure 2
The proportions of subjects with and without sarcopenia in high and normal pulse wave velocity groups among males (a) and females (b). Chisquared tests were used to detect the differences in the distributions of sarcopenia in the high and normal pulse wave velocity groups. both
P<0.001.

Figure 3
Scatter plot of handgrip strength against baPWV in male (a) and female (b) subjects, baPWV: brachial-ankle pulse wave velocity.
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