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Purpose: Limited imaging studies have investigated whether limb muscle quantity and

quality change after metabolic syndrome (MetS) development. This pilot study examined

MetS influence on limb muscle characteristics in older adults.

Methods: Participants were recruited from annual health examinations; their right biceps

brachii, triceps brachii, rectus femoris, and gastrocnemius muscles were measured by ultra-

sound. Anthropometric parameters, blood biochemistry, and physical performance (handgrip

strength and gait speed) were also examined.

Results: Overall, 129 participants were enrolled, including 26 with MetS. Although hand-

grip strength was lower in MetS patients, there were no significant between-group differ-

ences considering thickness and mean echogenicity of the four muscles. Handgrip strength

was positively correlated with the thickness of biceps brachii, triceps brachii, and rectus

femoris but was negatively associated with their echogenicity. On multivariate analysis,

triceps muscle echogenicity was trivially associated (odds ratio, 0.93; 95% confidence

interval, 0.86–0.99) with MetS, possibly due to multicollinearity with grip strength.

Conclusion: No significant difference was recognized in limb muscle thickness and echogeni-

city in the geriatric population withMetS compared with healthy controls by ultrasound imaging.

However, the finding might be caused by the small sample size of our participants. Future large-

scale studies should explore the influence of separated risk factors of MetS on limb muscle

echotexture and examine whether manifestation differs in different age populations.
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Introduction
Abdominal obesity, hyperglycemia, hypertension, and dyslipidemia are hallmarks of

metabolic syndrome (MetS), which is strongly related to insulin resistance.1 Aging

aggravates the severity of insulin resistance, contributing to high prevalence of MetS

in the geriatric population.2 Moreover, MetS is a well-established risk factor for

developing type II diabetes mellitus, cardiovascular diseases, and stroke, imposing a

substantial burden on the global medical and socioeconomic systems. In addition to

old age, physical inactivity, higher intake of dietary carbohydrate, and lower educa-

tion status are also attributing factors of MetS.3 In recent years, loss of muscle mass

and function, known as sarcopenia, has been found to be linked to MetS.4

Sarcopenia is a known risk that increases mortality in different diseased populations5

in addition to incidences of cognitive impairment,6 depression,7 and fractures.8 AKorean

cross-sectional study indicated that patients with low appendicular lean mass and high
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visceral fat, known as sarcopenic obesity, were eight-times

more likely to developMetS comparedwith those with obesity

or sarcopenia alone.9 A computed tomography study found a

negative correlation between waist circumference and muscle

density of the forearm and calf in a cohort of patients with

MetS.4 Furthermore, several recent studies demonstrated an

inverse association between handgrip strength and prevalence

of MetS.10–12 The negative association between handgrip

strength and MetS may be mediated by insulin resistance,

which leads to impairment of skeletal muscle glycogen

synthesis.13 In addition, patients with MetS tend to have an

elevated level of inflammatory markers, such as interleukin-6

and tumor necrosis factor-α, which also cause muscle

dysfunction.13 Although it seems evident that MetS poses a

detrimental influence on skeletal muscles, there are a limited

number of imaging studies investigating whether limb muscle

quantity and quality changes after development of MetS.

High-resolution ultrasound has been widely used in

assessing musculoskeletal disorders.14–16 It has advantages

of lower cost and portability compared with magnetic reso-

nance imaging and computed tomography and is suitable

for evaluation of extremity muscles in community-based

services. Muscle fibers and intramuscular connective tis-

sues can be well delineated using ultrasound, thus, enabling

assessment of muscle quantity and quality.15 In a cohort

study of 347 community-dwelling adults,17 participants

with sarcopenia were found to have lower thickness and

higher echo intensity of thigh muscles than those without

sarcopenia. As sarcopenia shares several common risk fac-

tors with MetS, such as aging and physical inactivity, it

would be of clinical interest to determine whether both

medical conditions have similar manifestations on limb

muscles. Therefore, the present study aimed to examine

the influence of MetS on limb muscle characteristics in

the geriatric population.

Materials and methods
Participants
The participants recruited in the study were the elderly who

attended the annual health examination in 2016. Ageing is a

known risk for sarcopenia.18 As the present study aimed to

investigate whether MetS could aggravate muscle volume

loss in the geriatric population, only people older than

65 years were included. In addition, not all the participants

were recruited from the geriatric clinic. A comprehensive

geriatric assessment was lacking in some participants. The

inclusion criterion was older adults who had normal

cognition to fill out the questionnaires and walked without

using an assisting device in order to measure the gait speed.

The exclusion criteria were the elderly with (1) atrial fibrilla-

tion/flutter, ventricular bigeminy, using cardiac pacemakers,

(2) malignancy, (3) severe infection, (4) hematological dis-

order, and (5) known uncontrolled medical conditions. They

were required to provide written informed consent before

enrollment. The present study was approved by the institu-

tional review board of National Taiwan University Hospital

(201601091RIND) and was conducted in accordance with

Declaration of Helsinki.

Anthropometric and biochemistry

measurements and diagnosis of MetS
The body mass index (BMI) was obtained by dividing the

participants’ weight (kg) by the square of their height (m). A

standard height–weight meter was used to measure body

weight (accuracy of 100 g) and height (accuracy of 1 mm).

Waist circumference was determined in the standing position

at the umbilicus level using a measuring tape. A standard

sphygmomanometer was employed to measure systolic and

diastolic blood pressure after the participants had been seated

for more than 10 min. An auto-analyzer (Hitachi 7250

Special, Hitachi, Tokyo, Japan) was used to examine the

levels of glucose, total cholesterol, low-density lipoprotein

cholesterol, high-density lipoprotein cholesterol, and trigly-

cerides in venous blood after fasting overnight. The modified

National Cholesterol Education Program Adult Treatment

Panel III (NCEP ATP III) criterion with Asian cutoff of

waist girth was adopted in this study.19 The diagnosis of

MetS was based on the presence of at least three of the

following five conditions: (1) waist circumference of

>90 cm in males and >80 cm in females, (2) blood pressure

over 130/85 mmHg, (3) high-density lipoprotein cholesterol

level of <40 mg/dL (men) or <50 mg/dL (women), (4)

Impaired fasting glucose: fasting glucose higher than

100 mg/dL, or previously diagnosed type 2 diabetes, and

(5) triglyceride level of >150 mg/dL.20,21

Measurement of physical performance
Handgrip strength was measured by employing a hand-

held dynamometer. Participants were seated with elbows

slightly flexed and were then asked to forcefully grasp the

dynamometer three times using their right hands. The

interval between each test was more than 1 min to prevent

muscle fatigue. The maximal value was used to represent

handgrip strength.22
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Gait speed was measured by the 5-m walking test. Four

indicators were marked at the origin, 1 m, 6 m, and the end

along a straight 7-m line on the ground. The speed was

determined by dividing 5 m by the time (in seconds) taken

to reach from the 1-m to 6-m points. The participants were

encouraged to walk in a comfortable manner.22,23

Ultrasound measurement protocol
The participants lay supine for measurements of the biceps

brachii and rectus femoris muscles and were positioned

prone for measurements of the triceps brachii and medial

gastrocnemius muscles. The elbow, hip, and knee joints

were maintained extended. The biceps brachii muscle was

measured at the mid-point between the coracoid process

and elbow crease (Figure 1A), whereas the triceps brachii

muscle was evaluated at the mid-point between the poster-

ior glenohumeral joint and olecranon of the ulna bone

(Figure 1B). Likewise, the mid-points between the anterior

superior iliac spine and patella and between the popliteal

fossa and insertion of the Achilles tendon were used for

assessment of the rectus femoris (Figure 1C) and medial

gastrocnemius muscles (Figure 1D), respectively. All mus-

cles on the right limbs were assessed in the short-axis

view. Light contact of the transducer with the skin was

allowed. All the ultrasound images were obtained by using

a multi-frequency (5–14 MHz) transducer (UP 200, BenQ

Medical Technology Corporation, Taipei, Taiwan). The

gain, focus, and dynamic range of the ultrasound machine

were maintained to be constant between one examination

and another for the same muscle group. The thickness and

echogenicity of the target muscles were measured using

the ImageJ software (National Institutes of Health,

Rockville Pike, Bethesda, MD). The region of interest

was selected by demarcating the inner border of the super-

ficial and deep muscle fascia. The left and right edges of

the scan view would be treated as the lateral borders of the

region of interest if the whole muscle cannot be captured

inside one scan view. The thickness was determined by the

maximal vertical length from the superficial to deep epi-

mysium (Figure 2A), and echogenicity was estimated by

the mean pixel intensity inside the region of interest

(Figure 2B).15 Echogenicity indicates the physical

Figure 1 Ultrasound measurements of the biceps brachii (A), triceps brachii (B), rectus femoris (C), and medial gastrocnemius (D) muscles. The black square indicates

ultrasound transducers.
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property that a structure reacts to an ultrasound beam,

which is reflected by or passes the target.24 An increase

in echogenicity refers to more echo signals returning to the

transducer.24 Higher echogenicity of muscles is related to

muscle weakness and atrophy.25 Before the start of the

present study, a pilot study was conducted to examine

the reliability of ultrasound muscle measurement on five

healthy volunteers. The inter-rater and intra-rater reliabil-

ities expressed as intra-class correlation were 0.751 [95%

confidence interval (CI), 0.472–0.894] and 0.835 (95% CI,

0.630–0.931), respectively. Our reliability was similar to a

previous study also using the ImageJ software to quantify

muscle volume, whose intra-class correlations ranged

between 0.80 and 0.99.26

Statistical analysis
The sample size was estimated based on the ultrasound

measurements of limb muscle thickness from a previous

study.15 We assumed that the mean thickness of the biceps

brachii muscle was 2.0 mm with a standard deviation of

0.3 mm in healthy participants and decreased by 10% in

patients with MetS. The sample ratio of patients with MetS

vs health participants was set at 0.25. Using an alpha value

of 0.05 and a power of 80%, 110 people were needed.

Continuous variables were presented as mean ± standard

deviation and were compared by employing independent t-test

(in case of normal distribution) or Mann Whitney U test

(in case of lacking normal distribution). Categorical data

were shown in portions and were compared by the chi-square

test. Logistic regression was used to elaborate the association

of MetS [expressed by odds ratio (OR) and its 95% CI] with

measurements of basic demographics, anthropometric assess-

ment, physical performance, andmuscle ultrasound indicators.

The selection of variables in the multivariate analysis was

based on a previous similar study investigating peripheral

muscle quality and quantity in the geriatric population.15 The

variables chosen are factors that may confoundmuscle volume

measurements. All analyses were conducted using MedCalc

for Windows, version 15.0 (MedCalc Software, Ostend,

Belgium) and a p-value of <0.05 was considered statistically

significant.

Results
The present study included 129 participants, of which 26

presented MetS. A higher number of patients (p=0.072)

with MetS were males. Patients with MetS also had signifi-

cantly higher values of waist circumference, systolic blood

pressure, blood sugar, and triglyceride and lower values of

high-density lipoprotein and handgrip strength. There were

no significant between-group differences with regard to

thickness (Table 1 and Figure 3A–D) and mean echogeni-

city of the four target muscles (Table 1 and Figure 4A–D).

On univariate logistic regression analysis, the presence

of MetS was associated with an increase in BMI (OR, 1.40;

95% CI, 1.19–1.65) and a decrease in handgrip strength

(OR, 0.94; 95% CI, 0.89–0.99). Regarding multivariate

Figure 2 Measurement of the muscle thickness (arrow) (A) and mean echogenicity (arrowhead) (B) of the target muscles using the ImageJ software.
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logistic regression analysis, an increased risk of MetS was

observed in participants with older age (OR, 1.15; 95% CI,

1.01–1.32), higher BMI (OR, 1.48; 95%CI, 1.18–1.85), and

decreased echogenicity of triceps brachii muscle (OR, 0.93;

95% CI, 0.86–0.99) (Table 2). No significant association

was identified between MetS and muscle ultrasound indi-

cators of the other three muscles.

In terms of correlation analyses between ultrasound mus-

cle indicators and parameters of body composition and phy-

sical performance, BMI was positively correlated with the

thickness of the biceps brachii (r=0.310), triceps brachii

(r=0.312), and rectus femoris (r=0.180) muscles. Gait speed

was negatively correlated with mean echogenicity of the

rectus femoris muscle (r=−0.178). Handgrip strength was

positively correlated with the thickness of the biceps brachii

(r=0.503), triceps brachii (r=0.204), and rectus femoris

(r=0.323) muscles and was negatively associated with echo-

genicity of the three aforementioned muscles (Table 3).

Discussion
The present study intended to explore limb muscle quan-

tity and quality in participants with MetS. Although

patients with MetS had higher BMI and lower handgrip

strength, the difference in ultrasound muscle indicators

was minimal compared to that in the controls. Despite a

significant association between MetS and triceps muscle

echogenicity on multivariable logistic analysis, the magni-

tude of interrelation was weak and could be mediated

through the correlation of handgrip strength with most of

the muscle ultrasound indicators.

The relationship between MetS and muscle volume loss

has been elucidated in recent years. Kang et al investigated

4183 postmenopausal women by dual energy X-ray absorp-

tiometry and found that sarcopenia obesity was associated

with MetS.27 Ou et al conducted an anthropometric survey

on 400 community-dwelling residents by employing bioe-

lectrical impedance analysis and revealed an inverse

Table 1 Baseline characteristics and ultrasound measurement of limb muscles in elderly adults with or without metabolic syndrome

Variable Metabolic syndrome (−)

n=103

Metabolic syndrome (+)

n=26

Effect size p-value

Demographics and physical performance

Age (year) 71.18±5.20 72.11±4.73 0.182 0.409

Gender (female) 49.5% 69.2% N.A. 0.072

Body mass index (kg/m2) 23.22±2.87 26.34±3.06 1.07 <0.001*

Gait speed (m/s) 1.25±0.26 1.17±0.19 0.32 0.133

Handgrip strength (kg) 32.02±8.47 28.03±8.35 0.47 0.034*

Waist circumference, cm 79.97±8.84 87.46±8.03 0.86 <0.001*

Hemodynamic measurement

Systolic blood pressure, mmHg 126.95±16.51 138.61±14.22 0.73 0.001*

Diastolic blood pressure, mmHg 71.34±10.67 71.96±8.42 0.06 0.784

Biochemical measurement

Fasting plasma glucose, mg/dL 95.49±10.61 115.44±24.72 1.37 <0.001*

Triglyceride, mg/dL 96.31±37.96 165.56±77.57 1.43 <0.001*

High-density lipoprotein cholesterol, mg/dl 56.56±13.14 49.20±11.89 0.57 0.012*

Ultrasound measurement of limb muscles

Biceps brachii thickness (cm) 2.03±0.29 1.99±0.28 0.14 0.530

Biceps brachii echogenicity 88.20±14.45 88.42±17.15 0.01 0.946

Triceps brachii thickness (cm) 2.09±0.48 2.26±0.61 0.33 0.143

Triceps brachii echogenicity 80.14±13.46 76.12±15.88 0.28 0.192

Rectus femoris thickness (cm) 1.61±0.28 1.60±0.26 0.03 0.790

Rectus femoris echogenicity 100.27±14.10 97.43±17.22 0.19 0.395

Medial gastrocnemius thickness (cm) 1.59±0.25 1.60±0.23 0.04 0.774

Medical gastrocnemius echogenicity 93.27±15.86 90.64±17.23 0.16 0.472

Notes: *Indicates p<0.05; the effect size is expressed by absolute values of Cohen’s d.
Abbreviation: N.A., not applicable.
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association betweenMetS and muscle volume both in males

and females.28 Ramírez-Vélez et al examined muscle fitness

and anthropometry by using handgrip dynamometers and

bioelectrical impedance analysis and showed that a lower

muscle fitness to visceral fat ratio was related to an

increased prevalence of MetS.29 Although high-resolution

ultrasound is a valid imaging tool to assess the musculos-

keletal system, whether it can identify any changes in limb

muscles in patients with MetS would be of clinical interest.

Furthermore, compared with dual energy X-ray absorptio-

metry and bioelectrical impedance analysis, ultrasound can

be used to estimate the muscle volume by measurement of

thickness and to evaluate its quality by quantification of

echogenicity. In ultrasound imaging, healthy muscles have

a hypoechoic background, whereas atrophic or fibrotic mus-

cles appear as hyperechoic due to dehydration, fat infiltra-

tion, and increased connective tissues.30 Although magnetic

resonance imaging is also capable of quantifying muscle

mass and delineating their texture changes, the cost and

portability are never comparable to those of ultrasound

imaging.

Compared with healthy controls, patients with MetS

did not have significant differences in limb muscle thick-

ness and echogenicity in our study. In 2017, Choi et al

used computed tomography to investigate the rectus abdo-

minis muscle thickness in 798 males who attended health

screening.31 They found that participants with MetS had

thinner rectus abdominis muscles than those without MetS.

As central obesity is a predominant feature of MetS,32 we

speculated that trunk muscles would be affected more than

extremity muscles, which led to an insignificant result in

our observation.

Our finding of limb muscle quality could be also

explained by a magnetic resonance imaging study that

explored thigh muscles in 166 middle-aged and older

adults.33 Bang et al found that intramuscular adipose tissue

is associated with a higher risk of developing MetS, such as

abdominal obesity and hyperglycemia but not hypertension

and dyslipidemia.33 Therefore, the specific pattern of deter-

mining MetS in the patients may influence the outcome of

limb muscle measurements, meaning that if the population

has more patients diagnosed as having MetS based on

hypertension and dyslipidemia rather than abdominal obe-

sity and hyperglycemia, the analysis may yield a negative

association between MetS and limb muscle assessment.

Our study also revealed that patients with MetS had

lower grip strength than those without MetS. Our finding

is consistent with a recent large-scale study that surveyed

Figure 3 Univariate comparisons of the thickness of the biceps brachii (A) and triceps brachii (B) muscles and mean echogenicity of the biceps brachii (C) and triceps

brachii (D) muscles between participants with and without metabolic syndrome (MetS). The columns labelled 0 indicate those without MetS, whereas the column labelled 1

indicate those with MetS.
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17,703 people older than 40 years.10 Wu et al revealed an

inverse association between hand grip strength and MetS

as well as its separated components.10 The association

remained significant after adjustment for sociodemo-

graphic variables, lifestyle factors, total energy intake,

and family history of disease. A proposed mechanism is

that neuroendocrine dysfunction affects skeletal muscles in

patients with MetS, which leads to a decrease in strength

and insulin metabolism.34 In terms of the relationship

between grip strength and muscle ultrasound measure-

ments, our analysis revealed that handgrip strength was

positively correlated with thickness and negatively corre-

lated with echogenicity of the biceps brachii, triceps bra-

chii, and rectus femoris muscles. This finding indicates

that handgrip strength as an assessment of muscle perfor-

mance is for the whole body instead of upper extremities

only. Our result also revealed that although limb muscle

exhibited concomitant volume and texture changes with

decreased handgrip strength, the difference between

patients with MetS and those without MetS was still chal-

lenging to be recognized by ultrasound imaging.

A trivial association between MetS and triceps muscle

echogenicity was identified by multivariate logistic

regression analysis (Table 2). The association may be

attributed to the multicollinearity of muscle ultrasound

indicators with handgrip strength. As the association was

insignificant by crude logistic regression analysis, we

believed that the finding was not of clinical importance.

Another tricky point is that triceps muscle echo intensity

seemed to be inversely associated with MetS (adjusted

OR: 0.93), which was against the current understanding

of muscle echogenicity in patients with sarcopenia.17 A

possible explanation would be a dilemma of echogenicity

measurement in patients with obesity. An increase in sub-

cutaneous fat,29 a typical presentation of MetS, causes

substantial attenuation of ultrasound energy. Therefore,

the underlying muscles may appear more hypoechoic

than they actually are in patients with MetS.

Several limitations needed to be acknowledged in this

study. First, there were few patients with MetS (n=26) in

the present cohort. The number was too small to conduct

separated analyses based on each risk component of MetS.

Besides, there might be lack of statistical powers to exam-

ine the between-group difference of ultrasound muscle

measurements. However, we partially compensate this by

presenting the measurement of the effect size. Even a

Figure 4 Univariate comparisons of the thickness of the rectus femoris (A) and medial gastrocnemius (B) muscles and mean echogenicity of the rectus femoris (C) and

medial grastrocnemius (D) muscles between participants with and without metabolic syndrome (MetS). The columns labelled 0 indicate those without MetS, whereas the

column labelled 1 indicate those with MetS.
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significant difference existed regarding ultrasound muscle

measurement, the magnitude of differences was also small

(all the effect size values were less than 0.5 in the study).

Second, our study employed a cross-sectional design,

which was not able to analyze whether the muscle ultra-

sound indicators changed as the disease severity pro-

gressed. Third, the present research targeted adults aged

>65 years, and our results may not be applicable on young

or middle-aged population. The insignificant result of our

research could be due to the population we explored. The

younger population may have different outcome. Fourth,

regarding assessment of limb muscle quality, we did not

use the ratio of echogenicity of the target muscle vs sub-

cutaneous tissues. The main reason is that light contact

with the skin was allowed in our study to ensure clear

visualization of underlying muscles, which also caused

deformation of the subcutaneous tissues. Fifth, we

estimated the participants’ physical performance by mea-

suring their gait speed and handgrip strength. However, we

did not use a validated questionnaire to detail their activity

profile, which should be included in future similar studies.

Conclusion
Muscle function decline was observed in older patients

with MetS, shown as a decline in grip strength.

Compared with healthy controls, no significant differ-

ence was recognized in limb muscle thickness and

echogenicity by ultrasound imaging. However, the find-

ing might be caused by the small sample size of our

participants. Future large-scale studies should be con-

ducted to explore the influence of separated risk factors

of MetS on limb muscle echotexture as well as to

examine whether the manifestation differs in a different

age population.

Table 2 Association of metabolic syndrome and ultrasound measurements of limb muscles

Univariate analysis Multivariate analysis

Odds ratio 95%

confidence

interval

p-value Odds ratio 95% confidence interval p-value

Age (year) 1.03 0.95–1.12 0.406 1.15 1.01–1.32 0.029*

Gender (female as reference) 0.43 0.17–1.09 0.0763 0.24 0.02–2.28 0.216

Body mass index (kg/m2) 1.40 1.19–1.65 <0.001* 1.48 1.18–1.85 <0.001*

Gait speed (m/s) 0.23 0.03–1.57 0.134 0.86 0.08–8.58 0.902

Handgrip strength (kg) 0.94 0.89–0.99 0.036* 0.99 0.88–1.11 0.932

Biceps brachii thickness (cm) 0.61 0.13–2.76 0.527 0.96 0.07–12.49 0.980

Biceps brachii echogenicity 1.00 0.97–1.03 0.945 1.05 0.98–1.12 0.120

Triceps brachii thickness (cm) 1.82 0.81–4.11 0.146 1.27 0.41–3.98 0.671

Triceps brachii echogenicity 0.97 0.94–1.01 0.193 0.93 0.86–0.99 0.046*

Rectus femoris thickness (cm) 0.80 0.16–3.88 0.788 0.73 0.08–6.73 0.785

Rectus femoris echogenicity 0.98 0.95–1.01 0.392 0.97 0.91–1.03 0.463

Medial gastrocnemius thickness (cm) 1.30 0.21–7.79 0.771 0.96 0.10–8.93 0.977

Medical gastrocnemius echogenicity 0.99 0.96–1.01 0.471 0.99 0.96–1.02 0.800

Notes: *Indicates p<0.05. A total of 26 patients with metabolic syndrome and 103 patients without metabolic syndrome were included in the analysis.

Table 3 Correlation coefficients of ultrasound muscle indicators with body mass index, gait speed and handgrip strength

Body mass index Gait speed Handgrip strength

Biceps brachii thickness 0.310* (p<0.001) 0.036 (p=0.684) 0.503* (p<0.001)

Biceps brachii echogenicity −0.040 (p=0.648) −0.115 (p=0.197) −0.300* (p<0.001)

Triceps brachii thickness 0.312* (p<0.001) 0.041 (p=0.642) 0.204* (p=0.020)

Triceps brachii echogenicity −0.114 (p=0.196) −0.082 (p=0.353) −0.302* (p<0.001)

Rectus femoris thickness 0.180* (p=0.04) 0.081 (p=0.362) 0.323* (p<0.001)

Rectus femoris echogenicity −0.134 (p=0.133) −0.178* (p=0.045) −0.319* (p<0.001)

Medial gastrocnemius thickness 0.055 (p=0.538) 0.124 (p=0.164) 0.139 (p=0.117)

Medical gastrocnemius echogenicity −0.100 (p=0.262) −0.114 (p=0.202) −0.04 (p=0.588)

Notes: *Indicates p<0.05 A total of 26 patients with metabolic syndrome and 103 patients without metabolic syndrome were included in the analysis.
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