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Abstract 
Skeletal muscle mass (SMM) plays an important role in health and 

physical performance. Its estimation is critical for the early 

detection of sarcopenia, a disease with high prevalence and high 

health costs. While multiple methods exist for estimating this body 

component, anthropometry and bioelectrical impedance analysis 

(BIA) are the most widely available in low- to middle-income 

countries. This study aimed to determine the correlation between 

muscle mass, estimated by anthropometry through measurement 

of calf circumference (CC) and skeletal mass index (SMI) by BIA. This 

was a cross-sectional and observational study that included 213 

functional adults over 65 years of age living in the community. 

Measurements of height, weight, CC, and SMM estimated by BIA 

were made after the informed consent was signed. 124 women 

mean age 69.6 ± 3.1 years and 86 men mean age 69.5 ± 2.9 years 

had the complete data and were included in the analysis. A 

significant positive moderate correlation among CC and SMI 

measured by BIA was found (Pearson r= 0.57 and 0.60 for women 

and men respectively (p=0.0001)). A moderate significant 

correlation was found between the estimation of SMM by CC and 

by BIA. This suggests that CC could be used as a marker of 

sarcopenia for older adults in settings in lower-middle-income 

countries where no other methods of diagnosing muscle mass are 

available. Although the CC is not the unique parameter to the 

diagnosis of sarcopenia, it could be a useful procedure in the clinic 

to identify patients at risk of sarcopenia. 
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Introduction 

In 2010, a European Consensus defined sarcopenia (“sarx” 

for muscle, “penia” for loss) as low SMM plus low muscle 

function either as reduced strength or performance [1]. 

Recently, this geriatric syndrome has been recognized as a 

disease entity with the awarding of an ICD-10-CM (M62.84) 

code in September 2016. This designation enables the 

syndrome to be considered as a primary or secondary 

condition [2].  

Sarcopenia has become a factor common to many of the 

chronic diseases of the elderly (heart failure, diabetes, type 

2, obesity, COPD, CVD, and dementia, among others) [3-5]. 

The overall estimates of prevalence are in the range of 10-

58% depending on the methods used and the proposed cut-

off points. This prevalence is considered very high and 

highlights the need for early diagnosis. Sarcopenia is one of 

the most relevant public health problems in the elderly and 

is associated with a high rate of adverse outcomes and high 

healthcare costs [6]. In the United States, the mere costs of 

hospitalization, nursing home income, and home health care 

expenses amounted to USD 18.5 billion in 2000, representing 

approximately 1.5% of total health spending [7,8]. 

However, sarcopenia, although primarily described in 

older subjects, it is not exclusively a disease of elderly. It is 

also a condition that can occur in young people and different 

pathological conditions such as malnutrition associated to 

malignancy [9], rheumatoid arthritis [10], COPD patients [11] 

and other chronic inflammatory diseases.  Moreover, a new 

type of sarcopenia has emerged in recent years named 
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"sarcopenic obesity”  (SO) that occurs when sarcopenia and 

obesity are simultaneously present in the same individual 

[12]; in which case, the risks of presenting other 

comorbidities are greater than in people who only have one 

of the two conditions [13]. This pathology is also presented 

by young people and is associated to nutrition and lifestyle 

factors. A national survey for 3937 middle-aged Koreans and 

older Korean individuals found that the SO group had a lower 

overall dietary quality, were more sedentary and had a 

greater number of adverse psychological conditions than the 

non-sarcopenic obesity group [14]. On the other hand, 

undernutrition can also be associated with loss of muscle 

mass. Beaudart et al. (2019) [15], studied the association 

between these two conditions in 336 Belgian men and 

women aged 72.5 ± 5.8 years and found that undernutrition 

was a strong predictor of sarcopenia and that these subjects 

had a fourfold increased risk of developing severe 

sarcopenia during a four-year follow-up. 

According to the definition, the estimation of SMM is a 

critical component of sarcopenia. There are a variety of 

skeletal mass assessment tools; however, the choice for 

clinical practice depends largely on availability.  Technologies 

such as Magnetic Resonance Imaging (MRI), Dual Energy X-

ray Absorptiometry (DXA), Ultrasonography, and Computer-

ized tomography, are not available in all clinical locations 

[16].  

CC has been considered a sensitive anthropometric 

parameter of muscle mass in the elderly [17]. On the other 

hand, BIA is considered an intermediate technique between 

these more accurate but more expensive methods and 

anthropometry that is cheaper but less reliable [18]. 

Moreover, it is necessary to define user-friendly tools in 

clinical practice. This should facilitate early detection of the 

disease and its inclusion in public health programs. Even 

more, it was recently shown that the limits for definitions 

must be ethnically sensitive, and different countries may 

need their separate cut off points [19]. 

Thus, the objective of this study was to evaluate the 

association between the estimation of SMM by SMI through 

BIA and CC by anthropometry. There are very few articles 

doing this comparison since most studies evaluate SMI by 

DXA to relate it to CC. 

 

Materials and methods 

Participants 

The sample was estimated using registries of the National 

Administrative Department of Statistics; 1085 older individ-

uals randomly selected were eligible and 213 agreed to 

participate. 3 patients did not have complete data and were 

excluded, thereby, 210 provided written consent and were 

included in the study developed during the months of March 

2013 - February 2014. 

The inclusion criteria were being between 55 and 75 

years old and living in the community. The exclusion criteria 

were living at nursing homes, having a decompensated 

chronic disease, pacemakers, chronic kidney disease in 

hemodialysis, presence of edemas, metallic nonremovable 

pieces or prosthesis, diuretic consumption, limb amputation, 

hemiparesis or hemiplegia.  

 

Anthropometric parameters 

Weight (ICOB®) and height (Seca®) were measured by 

standardized protocols [20].  CC was measured to the 

nearest 0.1 cm in the standing position using a non-elastic, 

flexible plastic tape (Lord®). The tape was moved on the right 

calf along the length to find the maximal circumference 

according to the International Society for the Advancement 

of Kinenthropometry recommendations (ISAK) [21]. A low 

muscle mass assessed by CC was determined using the cut-

off points from [22] which are <33 cm for women and <34 

cm for men. Japanese population was chosen on the basis 

that anthropometry of Colombians is more like that of 

Asians, maybe because Native Americans come from at least 

three different Asian genetic influences [15].  

SMI 

Whole-body BIA measurements were performed according 

to a protocol previously published by [23] using a Hydra 

4.200, Xitron Technologies®, San Diego (USA), device. For 

these measurements, verification was made of the previous 

fulfillment of the necessary conditions to carry out the 

measurements. 

SMM was calculated using the Janssen formula [24]:  

 

SMM (kg) = [Ht2 / R50 x 0.401) + (gender x 3.825)  

+ (age x –0.071)] + 5.102 

 

Where Ht is height in centimeters; R50 is BIA resistance 

in ohms; for gender, men = 1 and women = 0; and age is in 

years.  

Afterward the SMI was calculated by the equation:  

 

SMI (kg/m2) = SMM/height2 

 

The cut-off points for low muscle mass by this technique 

were defined as an SMI of less than −2 standard deviations 

(SD) of the mean value for Colombian young adults, as 

defined previously from [25]; 6.42 and of 8.39 kg/m2 for 

women and men respectively. 

 

Statistical analyses 

Before analyzing the data, a Kolmogorov-Smirnov test was 

performed, which showed a normal distribution of the data. 

Qualitative variables were analyzed using absolute and 

relative frequencies and mean and SD for quantitative 

variables. Pearson´s correlation coefficient was used to 

evaluate the associations between SMI and CC. A t-test was 

applied for correlation coefficients. P-values of less than 0.05 
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were considered to indicate statistical significance. The data 

obtained were analyzed using SPSS 21.0 (SPSS, Chicago, IL). 

 

Informed consent 

Informed consent has been obtained from all individuals 

included in this study. 

 

Ethical approval 

The research related to human use has complied with all 

relevant national regulations, institutional policies, and in 

accordance with the tenets of the Helsinki Declaration. The 

study protocol was reviewed and approved by the Ethics 

Committee of the Universidad de Caldas. 

 
Table 1. Subject Characteristics 

Variables   
Men 

(n=86) 
Women 
(n=124) 

Total 
(n=210) 

Weight (kg)  68.1 (9.3) 59.6 (10.4) 63.0 (10.7) 

Height (m) (SD) 1.66 (6.0) 1.51 (5.9) 1.57 (9.3) 

BMI (kg/m2) 24.6 (2.8) 25.8 (3.9) 25.3 (3.6) 

CC (cm) (SD) 35.2 (2.5) 33.3 (2.9) 34.1 (2.9) 

SMM (kg) 27.5 (3.5) 16.7 (2.5) 21.1 (6.0) 

SMI (kg/m2) 9.94 (1.0) 7.2 (0.9) 8.3 (1.6) 

 

 

 
Fig.1: Pearson correlation between calf circumference (CC) and 

SMI for women. 

 

 
 
Fig.2: Pearson correlation between calf circumference (CC) and 

SMI for men. 

 

Results 

124 women mean age 69.6 ± 3.1 years and 86 men mean age 

69.5 ± 2.9 years were evaluated.  The characteristics of the 

subjects are shown in Table 1.  Figures 1 and 2 depict a direct 

positive correlation between SMI and CC for women and 

men respectively, although slightly higher in men. For 

women, the Pearson's correlation coefficient between CC 

and SMI was 0.57 (p-value <0.0001). For men, Pearson's 

correlation coefficient was 0.6 (p-value <0.0001). 

 

Discussion 

This study showed that there was a significant positive 

moderate correlation between CC and SMI measured by BIA 

(r=0.57 and 0.60 for women and men, respectively 

(p=0.0001). Quinonez-Olivas et al., 2016 [26], evaluated 105 

Mexican patients with a mean age of 76 years (±7.3) and 

showed a lower positive correlation between SMI and CC 

than in the present study (r=0.31; p=0.000). However, they 

considered that CC could be a reliable measure to assess 

muscle mass in older adults in geriatric ambulatory clinics. 

On the other hand, Handayani et al., 2018 [27], examined 

96 elderly healthy women aged 60 years or more, 

independent in their daily activities. They found a Spearman 

correlation of 0.43 (p< 0.05). 

More recently, Santos et al. (2019) [28], evaluated DEXA 

and calf circumference data from 15,293 adults surveyed in 

the 1999-2006 NHANES. They found a higher correlation (r= 

0.79 for males and 0.74 for females) between calf 

circumference and appendicular skeletal mass as measured 

by DXA.  This finding was not only in older adults like those in 

the present study but also in adults of early and middle age. 

Average CC for women was 33.3 (±2.9) cm and 35.2 

(±2.5) cm for men. The difference between men and women 

is interesting in this study. Women had a higher body mass 

index, however, their CC was lower than that of men, which 

would suggest that they may have more visceral fat and less 

skeletal muscle mass, placing them at higher risk of 

developing sarcopenic obesity, as suggested by [29].  

Moreover, other Asian countries such as Malaysia, show 

slightly different cut off points from their Japanese neighbors 

(32.0 ±4.2 cm in men and 30.5 ±4.6 cm in women) [30]. The 

European Consensus established a lower limit (31 cm) for CC, 

which would also lead to different results from those 

reported in this study [31].  

Skeletal mass for our participants was 16.7 kg for women 

and 27.5 kg for men and SMI was 7.2 and 9.9 kg/m2, 

respectively. The above study from Handayani et al., 2018 

[32], found a women´s mean muscle mass of 14.2 kg and SMI 

of 6.6 kg/m2.  However, these women were living in a nursing 

home for at least 2 years and probably were more sedentary. 

The first European Consensus on definition and diagnosis 

of sarcopenia did not recommend anthropometry for routine 

diagnosis of this condition [1]; however, in the new 

consensus [27], the researchers tried to facilitate the early 
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detection of sarcopenia and consequently its timely 

treatment. On this occasion, they admit that the CC may be 

an alternative for clinical environments where there are no 

facilities such as BIA to estimate muscle mass. This is how the 

findings of this study, with a moderate correlation between 

the SMI and the thigh circumference, lead us to recommend 

this alternative in low-middle income countries such as 

Colombia, wherein many occasions and clinical contexts 

there is only a measuring tape. 

A European survey aimed to assess the usage of tools for 

the assessment of muscle mass, muscle strength, and 

physical performance for the diagnosis of sarcopenia was 

completed by 255 clinicians from 55 countries across 5 

continents.  The authors found that only 53.3% of the 

responders assess muscle mass in their daily practice with 

different tools among which the most used was the CC in 

57.5% of the cases, followed by DXA (45.9%), skinfold 

thickness (30.8%), BIA (22.6%), ultrasonography 18.5%, MRI 

(16.4%), CT-scan (14.4%) and other not specified (8.9%) [32]. 

The authors call for the need of standardizing the tools and 

the cut-off values.  

The cross-sectional design of the study constitutes a 

limitation since it was only possible to establish an 

association between the muscle mass estimated by BIA and 

CC. Thus, subsequent studies with a larger number of 

subjects and more elaborate designs are required to validate 

the usefulness of CC in sarcopenia diagnosis and to have cut 

off points representing the national population for this 

parameter to establish the true usefulness of CC as a tool for 

the early detection of sarcopenia. 

As the general population tends to age worldwide, an 

increase in the costs for their health care is expected. This 

situation makes us think about the need to timely prevent 

sarcopenia that starts from earlier ages in life. Concomitant, 

obesity, and malnutrition that can lead to muscle weakness, 

must be subject to public health authorities. A prevention 

strategy could be carried out by improving the quality of the 

diet and physical activity of young people [14] as well as an 

earlier diagnosis using simple and inexpensive tools, such as 

CC measurement. 
 

Conclusion 

Although the CC is not the unique parameter to aid in the 

diagnosis of sarcopenia, it does seem to have a significant 

correlation with SMM and it could be a useful procedure in 

the clinic to identify patients at risk of sarcopenia if we stick 

to the moderate association that was found between the SMI 

and CC.  This makes us suggest CC later as a substitute marker 

for muscle mass evaluation for older adults in settings in low-

middle income countries where no other muscle mass 

diagnostic methods are available. However, the diagnosis 

can vary depending on the reference cut of point used and it 

would be important to validate the existing cut-off points in 

the literature and build own values for each region or 

country. 
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