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Adverse body measurements are 
superior to sarcopenia‑associated 
measurements in predicting 
chronic diseases
Pei‑Ju Liao1, Yu‑Ching Lin2, Ming‑Kuo Ting3, I.‑W.en Wu4, Shuo‑Wei Chen5, Ning‑I. Yang6 & 
Kuang‑Hung Hsu7,8,9,10,11,12* 

Few studies have demonstrated an association of sarcopenia-associated body measurements with 
chronic diseases through a comprehensive methodology. This study aims to examine the relationship 
between sarcopenia-associated body measurements and chronic diseases. This is a cohort study. 
We recruited 316 community dwellers, including 76 patients with sarcopenia and 240 controls, and 
obtained their body measurements associated with sarcopenia. We collected three-dimensional 
anthropometric body-surface measurements from 11,158 participants during 2000–2008 and 
followed up this cohort for 15 years to examine the association of these measurements with the 
risk of chronic diseases such as hypertension, type 2 diabetes mellitus (T2DM), heart disease, and 
nephrotic syndrome. Univariate analysis, canonical correlation, and Cox regression analysis were 
performed to explore the associations. Decreased waist width, upper left arm circumference, and left 
thigh circumference were significantly associated with sarcopenia. The adverse body measure score 
(ABMS) was derived by combining significant measurements, namely left upper arm circumference, 
waist width, and left thigh circumference, and used to predict the risk of hypertension, T2DM, heart 
diseases, and nephrotic syndrome. A positive association was observed between the ABMS and 
chronic diseases. Considering the first quartile of the ABMS as a reference, we determined hazard 
ratios of 2.259, 2.495, 1.332, and 1.595 for hypertension, T2DM, heart disease, and nephrotic 
syndrome, respectively, in the fourth quartile. Chronic diseases were more strongly associated with 
the ABMS than with sarcopenia-related body measurements alone. A high ABMS, which includes 
higher upper arm circumference, higher waist width, and lower thigh circumference, can significantly 
predict chronic diseases.

Decreased muscle mass is associated with advanced age, an inactive lifestyle, and inadequate nutrition. Sarcope-
nia is generally characterized by the co-occurrence of muscle reduction and dysfunction1,2. Sarcopenia results in 
adverse health outcomes, including increased mortality and long hospitalization, and is recognized as a systemic 
condition associated with metabolic syndrome, diabetes, cardiovascular disease, depression, and possibly cogni-
tive impairment3–9. The prevalence of sarcopenia increases with age and was approximately 13%, ranging from 
4.6 to 67%, in the older community-dwelling population1,10,11.
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Sarcopenia can be classified into three stages: presarcopenia (low muscle mass), sarcopenia (low muscle 
mass along with either low muscle strength or poor physical function), and severe sarcopenia (low muscle mass, 
low muscle strength, and poor physical function)1. However, it is not feasible to apply the aforementioned clas-
sification criteria for sarcopenia to a large population in an epidemiological study. In addition, from a clinical 
perspective, the presence of an adverse body shape or a combination of body measures, including sarcopenic 
obesity, a large waist-to-thigh ratio, and lean lower limbs is the most concerning12,13. Specific body measurements 
can provide useful information for predicting adverse outcomes in the older community-dwelling population. 
However, limited evidence is available in this context.

Sarcopenia and sarcopenic obesity are associated with chronic diseases. Cardiovascular disease, dementia, and 
type II diabetes mellitus (T2DM) were reported to frequently co-occur with sarcopenia in older adults and have 
common risk factors such as aging, an adverse body shape, malnutrition, and an inactive lifestyle9. In addition, 
studies have suggested some potential consequences of sarcopenia including depression, physical dysfunction, 
dependency, and mortality1,9,14,15. These outcomes are correlated with body measurements such as lean lower 
limbs and visceral fat accumulation.

Some body measurements may be highly correlated with sarcopenia; however, obtaining body measurements 
is important for early prediction and prevention of this condition. Therefore, body measurements related to 
sarcopenia are considered crucial biomarkers of poor health outcomes. Three-dimensional techniques can be 
used to determine body composition at a low cost; such techniques are highly applicable in healthy individuals. 
Epidemiological studies have used anthropometric measurements, such as body mass index (BMI), waist cir-
cumference (WC), and waist-to-hip ratio (WHR), and have also explored different new body measurements for 
predicting chronic diseases. Studies have debated whether existing or innovative body measurements, such as 
BMI, WC, thigh circumference, WHR, and waist-to-thigh ratio, correlate better with selected diseases, such as 
T2DM, hypertension, dementia, and cancer12,16,17. Whether sarcopenia-related body measurements are associ-
ated with poor health outcomes is still imperfectly understood. Therefore, in the present study, we determined 
sarcopenia-related body measurements of community dwellers and conducted a 10-year follow-up of the cohort 
to investigate the causation.

Methods
Study participants and data collection.  All participants provided written informed consent for the 
procedure and the use of their data. The study protocol is in accordance with the ethical guidelines of the 1975 
Declaration of Helsinki, and this study was approved by the Institutional Review Board of Chang Gung Medical 
Foundation (approval number: 201600934B0, 201802378B0A3, and 201801704B0). The study population was 
enrolled from a community located in northern Taiwan. In total, 316 community dwellers, including 76 patients 
with sarcopenia and 240 individuals without sarcopenia, were recruited in this study. The health consequences of 
sarcopenia-related body measurements were investigated using a cohort setup from 2000 onward. We recruited 
a total of 11,158 participants (5,872 men and 5,286 women) from the department of health examination from 
among those who were seeking an annual health checkup at a teaching hospital in northern Taiwan. A total of 
7,797 participants without hypertension, T2DM, heart diseases, or nephrotic syndrome were included; the mean 
age of study participants was 49.17 (range 18–91) years. The average age of men and women was similar (49.20 
and 49.13 years, respectively). Furthermore, the proportion of men (52.3%) and women (47.7%) in the study was 
similar. The study follow-up lasted for 17 years and 10 months, with an average of 14.55 years, from February 
2000 to December 2017. The total follow-up period was 113,483.97 person-years, of which 58,170.90 person-
years were for men and 55,313.07 person-years for women.

Information regarding confounders, namely age, sex, smoking, alcohol drinking, betel nut chewing, occupa-
tion, education, marriage, diet, and personal history of diseases, such as diabetes, hypertension, heart disease, 
renal diseases, liver cirrhosis, and chronic hepatitis, was collected using a questionnaire and confirmed through a 
medical chart review. T2DM, hypertension, heart disease, and nephrotic syndrome were defined based on Inter-
national Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 250.xx (excluding 
250.x1); 401–405; 390–398, 410–414, and 420–429; and 580–589, respectively. In the study population, 25.5% 
were smokers. The prevalence of smoking was lower in women (5.2%) than in men (44.0%). Furthermore, 26.4% 
of participants regularly consumed alcohol. The prevalence of alcohol drinking was lower in women (8.6%) than 
in men (42.6%).

Anthropometric parameters.  Sarcopenia was assessed on the basis of muscle mass, muscle strength, and 
activity function. Muscle mass was evaluated using a single dual-energy fan-beam X-ray absorptiometer (DXA, 
GE medical system, Lunar iDXA, Madison, WI, USA). Scan modes (standard, thin, or thick) were automatically 
selected by the scanner software depending on body size and BMI. Scans were analyzed using enCORE Soft-
ware, version 15 (GE Lunar). Muscle strength was measured on the basis of handgrip strength by using a single 
dynamometer. We measured the handgrip strength of the dominant hand. A walking speed of < 0.8 m/s for a 
total distance of 4 m was defined as insufficient activity function.

According to the Asian Working Group for Sarcopenia guidelines, sarcopenia was defined as the presence of 
low muscle mass along with low muscle strength. Furthermore, low muscle mass without low muscle strength 
was defined as presarcopenia. The recommended cutoff points for low muscle mass, determined using a height-
adjusted appendicular skeletal muscle index, are 7.0 kg/m2 for men and 5.4 kg/m2 for women. A handgrip 
strength of 26 and 18 kg was considered low for men and women, respectively18. Participants with presarcopenia 
and sarcopenia were pooled together and compared with controls to examine differences between body surface 
measurements.



3

Vol.:(0123456789)

Scientific Reports |         (2021) 11:7749  | https://doi.org/10.1038/s41598-021-85316-0

www.nature.com/scientificreports/

Three-dimensional body surface measurements were performed using methods developed by the laboratory 
of whole-body 3D laser scanning in the study teaching hospital19. Approximately 280 standardized landmarks 
from the body surface were used to construct 35 body measurements for the head and neck, trunk, upper limbs, 
and lower limbs. In addition to body height and body weight, 35 measurements were included in this study, 
namely 4 measurements of the head and neck (head volume, head surface area, head circumference, and neck 
circumference), 11 measurements of the trunk and hip (waist profile area, WC, waist width, breast profile area, 
breast width, breast circumference, hip profile area, hip circumference, hip width, trunk surface area, and trunk 
volume), 10 measurements of the upper limbs (left arm volume, left arm surface area, left arm length, left forearm 
circumference, left upper arm circumference, right arm volume, right arm surface area, right arm length, right 
forearm circumference, and right upper arm circumference), and 10 measurements of the lower limbs (left leg 
volume, left leg surface area, left leg circumference, right leg volume, right leg surface area, right leg circumfer-
ence, left thigh circumference, right thigh circumference, left leg length, and right leg length).

Statistical analyses.  Numerical variables are displayed as the mean ± standard deviation, and categorical 
variables are presented as the frequency and percentage. We used the two-sample independent t test and chi-
square test to determine differences between continuous and categorical variables, respectively. Three-dimen-
sional body surface measurements were categorized according to different body regions, including the whole 
body, head and neck, trunk, hip, upper limbs, and lower limbs. We performed the two-sample t test to examine 
differences in body surface measurements between cases and controls. To prevent collinearity in the regression 
analysis, one statistically significant body measurement (p < 0.05) was selected from each region of the body for 
subsequent multivariable analyses. We performed a canonical correlation analysis to construct a linear equation 
of selected body measures based on the highest strength of the association with multiple chronic diseases. The 
linear equation of selected body measures was used as an adverse body measure score (ABMS) to validate the 
prediction of chronic diseases by using a prospective cohort. The sarcopenia-associated body measure score 
(SBMS) was constructed through the backward model selection of logistic regression by using sarcopenia as the 
dependent variable and selected body measures examined in the univariate analysis as independent variables. 
We used a Cox proportional hazards regression model to examine the strength of the association between both 
the body measure scores and the incidence of chronic diseases, namely T2DM, hypertension, cardiovascular 
disease, and renal syndrome, expressed as the hazard ratio after adjusting for the following variables: age, sex, 
marital status, educational level, occupation, cigarette smoking, alcohol drinking, and betel nut chewing. Statisti-
cal analysis was performed using SAS 9.4.

Results
The basic sociodemographic, lifestyle, and disease status variables did not significantly differ between cases and 
controls in the study cohort. Among study participants, approximately 46% were aged > 60 years, 61–70% were 
women, 42–35% had a senior high school education, 85–88% were employed in commerce or self-employed, 
92–95% were married, 56% had low annual income (< US$10,000), 12–14% were smokers, 11–17% were alco-
hol drinkers, 2–4% were betel nut chewers, 40–53% were tea drinkers, 51–59% were coffee drinkers, 56–65% 
exercised regularly, 15–25% had hypertension, 9–10% had T2DM, 3–8% had heart diseases, and 6–13% had 
kidney diseases (Table 1).

When comparing presarcopenia and sarcopenia cases with controls, we found that all significant body meas-
urements were negatively correlated. Three body measures, namely left upper arm circumference (odds ratio 
[OR] 0.683; 95% confidence interval [CI] 0.605–0.772), waist width (OR 0.713; 95% CI 0.636–0.8), and left thigh 
circumference (OR 0.745; 95% CI 0.681–0.816), were found to be significant in the multiple logistic regression 
analysis (Table 2). We performed a canonical correlation analysis to construct a linear equation of significant body 
measures, namely left upper arm circumference, waist width, and left thigh circumference, in relation to selected 
chronic diseases, namely T2DM, hypertension, heart diseases, and renal syndrome. The combination of three 
body measures (0.00365 × left upper arm circumference + 0.33597 × waist width − 0.10713 × left thigh circumfer-
ence) was constructed as adverse body measures score (ABMS). The three body measures (17.3571 − 0.147 × left 
upper arm circumference − 0.1595 × waist width − 0.194 × left thigh circumference) were combined to measure 
the SBMS (Table 3).

We followed up this cohort for 15 years to investigate the association of both the ABMS and SBMS with the 
selected chronic diseases. Each increment in the ABMS was significantly associated with the hazard ratios of 
1.24 (95% CI 1.17–1.30), 1.39 (95% CI 1.29–1.50), 1.09 (95% CI 1.02–1.16), and 1.12 (95% CI 0.99–1.27) for 
hypertension, T2DM, heart disease, and nephrotic syndrome, respectively. In addition, each increment in the 
SBMS was associated with the hazard ratios of 0.83 (95% CI 0.79–0.87), 0.81(95% CI 0.76–0.87), 0.98 (95% 
CI 0.93–1.04), and 1.03 (95% CI 0.93–1.15) for hypertension, T2DM, heart disease, and nephrotic syndrome, 
respectively. Furthermore, we categorized the ABMS and SBMS into quartiles and found a dose–response rela-
tionship between the quartiles and chronic diseases. However, the strength of the association between the SBMS 
and chronic diseases was less significant (Fig. 1).

Discussion
Sarcopenia is harmful to human health. Many diseases including obesity20, insulin resistance21, diabetes22, 
dyslipidemia23, and hypertension24 are caused by sarcopenia. A study reported that an increased risk of meta-
bolic syndrome in individuals with sarcopenia was linked to weights in upper-normal and slightly overweight 
ranges25. This study further confirmed the association of upper arm circumference, waist width, and thigh cir-
cumference with sarcopenia; moreover, the derived adverse body shape, which corresponds to the ABMS rather 
than muscular loss, results in poor health outcomes. The ABMS, a surrogate for sarcopenic obesity, includes the 
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Basic sociodemographic

Cases (n = 76)
Controls 
(n = 240)

Chi-square p value OR 95% CIn (%) n (%)

Age

 < 60 41 (53.95) 129 (53.75) 0.976 1.008 (0.601,1.691)

 >  = 60 35 (46.05) 111 (46.25) 1.000 –

Gender

Male 29 (38.16) 73 (30.42) 0.2639 1.412 (0.824, 2.418)

Female 47 (61.84) 167 (69.58) 1.000 –

Education attainment

Junior high school or below 22 (28.95) 83 (34.58) 0.5146 1.000 –

Senior high school 32 (42.11) 84 (35.00) 1.437 (0.772, 2.677)

College or above 22 (28.95) 70 (29.17) 1.186 (0.606, 2.320)

Occupation

Government 5 (6.58) 21 (8.75) 0.8314 1.000 –

Labor workers 4 (5.26) 13 (5.42) 1.292 (0.292, 5.708)

Commerce, self-employees 67 (88.16) 206 (85.83) 1.366 (0.496, 3.763)

Marital status

Unmarried 5 (6.58) 11 (4.58) 0.5373 1.481 (0.498, 4.406)

Married 70 (92.11) 228 (95.00) 1.000 –

Unknown 1 (1.32) 1 (0.42) 3.257 (0.201, 52.750)

Income

 < USD 10,000 43 (56.58) 135 (56.25) 0.7733 1.000 –

USD 10,000 ~ 16,667 10 (13.16) 40 (16.67) 0.785 (0.362, 1.701)

USD 16,667 ~ 25,000 10 (13.16) 19 (7.92) 1.652 (0.714, 3.824)

USD 25,000–33,333 6 (7.89) 24 (10.00) 0.785 (0.301, 2.046)

 > USD 33,333 3 (3.95) 7 (2.92) 1.346 (0.333, 5.431)

Unknown 4 (5.26) 13 (5.42) 0.966 (0.299, 3.119)

Lifestyle variables

Cigarette smoking

No 65 (85.53) 210 (87.50) 0.8023 1.000 –

Yes 11 (14.47) 30 (12.50) 1.185 (0.563, 2.495)

Alcohol drinking

No 67 (88.16) 200 (83.33) 0.4061 1.000 –

Yes 9 (11.84) 40 (16.67) 0.672 (0.310, 1.457)

Betel nut chewing

No 73 (96.05) 235 (97.92) 0.6294 1.000 –

Yes 3 (3.95) 5 (2.08) 1.932 (0.451, 8.278)

Tea drinking

No 45 (59.21) 113 (47.08) 0.0871 1.000 –

Yes 31 (40.79) 127 (52.92) 0.613 (0.363, 1.034)

Coffee drinking

No 37 (48.68) 98 (40.83) 0.2834 1.000 –

Yes 39 (51.32) 142 (59.17) 0.727 (0.433, 1.221)

Exercise

No 33 (43.42) 83 (34.58) 0.2089 1.000 –

Yes 43 (56.58) 157 (65.42) 0.689 (0.407, 1.165)

Diseases

Hypertension

No 63 (82.89) 176 (73.33) 0.2214 1.000 –

Yes 12 (15.79) 61 (25.42) 0.55 (0.278, 1.088)

Unknown 1 (1.32) 3 (1.25) 0.931 (0.095, 9.117)

Type 2 DM

No 68 (89.47) 212 (88.33) 0.9544 1.000 –

Yes 7 (9.21) 25 (10.42) 0.873 (0.362, 2.108)

Unknown 1 (1.32) 3 (1.25) 1.039 (0.106, 10.156)

Heart diseases

No 72 (94.74) 217 (90.42) 0.4393 1.000 –

Continued



5

Vol.:(0123456789)

Scientific Reports |         (2021) 11:7749  | https://doi.org/10.1038/s41598-021-85316-0

www.nature.com/scientificreports/

measurements of larger upper arm circumference and waist width and smaller thigh circumference; thus, the 
ABMS is superior to sarcopenia alone for predicting chronic diseases.

The results of this prospective cohort analysis indicated that upper arm circumference, waist width, and 
thigh circumference measurements can be used as alternative biomarkers for predicting sarcopenia-associated 
chronic diseases, including hypertension, T2DM, heart disease, and nephrotic syndrome, in Taiwan. Patients with 
sarcopenia generally have smaller measurements of almost all the limbs due to skeletal muscle loss. However, 
in this study, we observed that smaller measurements of the lower limbs increased the risk of diseases, whereas 
the smaller measurements of the upper limbs and visceral fat accumulation synergistically increased the risk of 
diseases. Although studies have indicated that thigh circumference is negatively associated with T2DM, dementia, 
and cancer12,16,17, this study confirmed that it is a long-term predictor of sarcopenia-associated chronic diseases. 
The present study proposes using the ABMS, which involves the use of upper arm, waist, and thigh measurements 
for its calculation, as a reliable biomarker for predicting sarcopenia-associated chronic diseases. Thus, the use 
of the ABMS as an innovative measurement is feasible in preventive medicine and epidemiological surveys in 
large-population communities.

The lower limbs account for approximately 70% of muscle mass. Studies have indicated that larger hip and 
thigh circumferences are associated with a low risk of T2DM, dementia, and internal cancers, independent of 
sociodemographic variables12,16,17. The soft tissue in the thigh is mostly composed of muscle mass and subcutane-
ous fat. The muscle of the lower limbs prevents from diseases in two aspects. First, the muscle absorbs glucose, 
thus regulating insulin resistance and inflammation to prevent diseases. Second, gluteofemoral body fat may 
secrete adipokines, including leptin, adiponectin, and inflammatory cytokines, through different actions and 
feedback systems to prevent diseases. Other studies have also reported an association of a large thigh circum-
ference with a low risk of chronic diseases such as diabetes, hypertension, and heart disease26,27. Furthermore, 
studies have demonstrated an association of a small thigh circumference with hyperglycemia, heart disease, and 
premature death28,29.

WC and WHR are frequently used in current practice to estimate body fat accumulation in the trunk and 
are biomarkers for many metabolic disorders. A study showed that WC explains obesity-related health risk 
better than BMI does and that for a given WC value, people have similar health risks30. In this study, however, 
waist width was an indicator of abdominal fat accumulation when upper arm circumference measures were 
simultaneously considered. A larger upper arm circumference represents body fat accumulation in the upper 
trunk. Therefore, compared with using waist width alone, using a combination of waist width and upper arm 
circumference may better indicate upper body fat accumulation in relation to subsequent long-term adverse 
effects. Our previous study showed that a combination of neck circumference and waist width may be a feasible 
and comprehensive predictor of long-term diseases such as T2DM12. In addition, this study demonstrated that 
the combination was associated with multiple chronic diseases.

This study proposes that a combination of upper arm circumference, waist width, and thigh circumference 
is comprehensive, feasible, and superior to sarcopenia-related body measurements alone for predicting chronic 
diseases including hypertension, T2DM, heart disease, and nephrotic syndromes. A combination of anthro-
pometry measurements and body fat distribution was superior to sarcopenia-related body measurements alone 
for predicting sarcopenia-associated diseases. Considering that muscle loss in sarcopenia results in poor health 
outcomes, upper body fat accumulation and lean lower limbs can be vital predictors. Therefore, the measurements 
proposed in this study to evaluate health outcomes could be more viable than sarcopenia-related body measure-
ments alone in both clinical practice and preventive medicine in the future. The novelty of this study is that it 
proposes the ABMS as an alternative to the SBMS alone for predicting health outcomes. Clinically, two impor-
tant aspects were derived from the findings. First, the measurement of lower limb circumference is vital for the 
identification of individuals with a high risk of chronic diseases. In addition to medications, the management of 
specific body measurements, including increasing the muscle content in the lower limbs, reducing abdominal fat 
accumulation, and reducing the fat content in the upper limbs, can be beneficial for preventing chronic diseases.

This study used a two-stage design to obtain body measurements associated with sarcopenia and related them 
to chronic diseases by linking a long-term follow-up cohort with a national health insurance claims database. 
The strengths of this study include the use of accurate disease diagnosis data, comprehensive whole-body scan-
ning, and an adequate follow-up duration for cohort analysis. Nevertheless, this study has some limitations. 
First, this study used a three-dimensional surface scanning technique to obtain body measurements in which 
muscle mass and fat distribution could not be differentiated. Second, findings were obtained from a community 
population, which represents the general Taiwan population, and therefore, the findings should be cautiously 

Table 1.   Distribution of basic characteristics between participants with sarcopenia and controls.

Basic sociodemographic

Cases (n = 76)
Controls 
(n = 240)

Chi-square p value OR 95% CIn (%) n (%)

Yes 3 (3.95) 20 (8.33) 0.452 (0.131, 1.566)

Unknown 1 (1.32) 3 (1.25) 1.005 (0.103, 9.810)

Kidney diseases

No 65 (85.53) 221 (92.08) 0.1987 1.000 –

Yes 10 (13.16) 16 (6.67) 2.125 (0.920, 4.908)

Unknown 1 (1.32) 3 (1.25) 1.133 (0.116, 11.080)
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Table 2.   Descriptive statistics of 3D surface body measures between participants with sarcopenia/
presarcopenia and controls.

Cases (n = 76) Controls (n = 240) Univariate OR(95%CI) Multiple OR(95%CI)

Whole body

Height 160.69 ± 8.49 158.77 ± 8.01 1.029 (0.997, 1.062) 1.053 (1.003, 1.106)

Weight 53.66 ± 9.10 63.36 ± 11.62 0.899 (0.868, 0.932) 0.838 (0.797, 0.882)

BMI 20.65 ± 2.42 25.04 ± 3.50 0.545 (0.466,0.637) 0.480 (0.396, 0.582)

Head and neck

Head circumference (cm) 57.31 ± 3.16 58.26 ± 2.59 0.884 (0.804, 0.971) 0.854 (0.771, 0.946)

Head surface area (cm2) 1504.70 ± 481.35 1460.06 ± 142.79 1.055 (0.960, 1.160) 1.053 (0.954, 1.161)

Head volume (cm3) 4925.16 ± 520.80 5094.30 ± 600.65 0.949 (0.905, 0.995) 0.906 (0.855, 0.959)

Neck circumference (cm) 37.15 ± 4.65 39.18 ± 4.44 0.902 (0.848, 0.959) 0.853 (0.793, 0.918)

Trunk

Chest width (cm) 29.72 ± 2.78 31.65 ± 2.89 0.774 (0.694, 0.864) 0.699 (0.615, 0.795)

Chest circumference (cm) 90.34 ± 8.85 98.15 ± 11.01 0.923 (0.894, 0.952) 0.916 (0.886, 0.947)

Chest sectional area (cm2) 6148.49 ± 1226.19 6963.77 ± 1393.64 0.952 (0.931, 0.973) 0.940 (0.916, 0.963)

Waist width (cm) 28.26 ± 2.67 30.89 ± 3.18 0.740 (0.665, 0.823) 0.713 (0.636, 0.800)

Waist circumference (cm) 74.70 ± 7.97 81.02 ± 9.82 0.923 (0.893, 0.954) 0.911 (0.879, 0.945)

Waist sectional area (cm2) 6039.81 ± 1283.90 6989.36 ± 1418.24 0.945 (0.924, 0.967) 0.936 (0.913, 0.960)

Trunk surface area (cm2) 7028.05 ± 1083.28 11,656.68 ± 55,906.93 0.955 (0.933, 0.978) 0.948 (0.924, 0.973)

Trunk volume (cm3) 37,400.9 ± 7197.27 45,047.98 ± 26,972.78 0.994 (0.991, 0.997) 0.991 (0.988, 0.995)

Hip

Hip width (cm) 32.79 ± 2.07 34.66 ± 2.48 0.684 (0.593, 0.789) 0.671 (0.577, 0.781 )

Hip circumference (cm) 85.89 ± 5.81 90.63 ± 7.40 0.889 (0.847, 0.934) 0.891 (0.847, 0.936)

Hip sectional area (cm2) 599.87 ± 116.49 718.04 ± 134.36 0.990 (0.986, 0.993) 0.989 (0.986, 0.993)

Upper limbs

Upper arm circumference (cm)

Left 27.97 ± 2.64 30.64 ± 3.25 0.73 (0.657, 0.812) 0.683 (0.605, 0.772)

Right 27.85 ± 2.85 30.51 ± 3.24 0.73 (0.655, 0.813) 0.672 (0.592, 0.764)

Forearm circumference (cm)

Left 18.84 ± 2.36 20.42 ± 2.58 0.762 (0.676, 0.858) 0.716 (0.625, 0.819)

Right 19.33 ± 2.26 20.80 ± 2.60 0.774 (0.686, 0.873) 0.706 (0.612, 0.815)

Arm length (cm)

Left 51.63 ± 3.66 51.46 ± 3.62 1.013 (0.943, 1.088) 1.011 (0.934, 1.094)

Right 51.75 ± 3.63 51.55 ± 3.59 1.015 (0.944, 1.091) 1.014 (0.936, 1.098)

Arm surface area (cm2)

Left 1141.99 ± 126.66 1187.64 ± 128.31 0.997 (0.995, 0.999) 0.996 (0.994, 0.999)

Right 1193.50 ± 129.95 1243.45 ± 132.30 0.997 (0.995, 0.999) 0.996 (0.994, 0.999)

Arm volume (cm3)

Lower limbs

Left 1887.11 ± 261.49 2110.50 ± 360.71 0.998 (0.997, 0.999) 0.997 (0.996, 0.998)

Right 1901.16 ± 266.18 2115.20 ± 360.51 0.998 (0.997, 0.999) 0.997 (0.996, 0.998)

Thigh circumference (cm)

Left 47.27 ± 3.71 51.89 ± 4.71 0.763 (0.704, 0.827) 0.745 (0.681, 0.816)

Right 47.24 ± 3.70 51.77 ± 4.70 0.768 (0.709, 0.832) 0.752 (0.689, 0.822)

Calf circumference (cm)

Left 26.78 ± 3.87 29.37 ± 4.97 0.841 (0.775, 0.914) 0.840 (0.772, 0.916)

Right 26.80 ± 3.90 29.15 ± 4.43 0.849 (0.781, 0.922) 0.847 (0.778, 0.922)

Leg length (cm)

Left 67.59 ± 4.78 66.73 ± 3.90 1.052 (0.987, 1.12) 1.069 (0.994, 1.150)

Right 67.48 ± 4.78 66.66 ± 3.92 1.049 (0.985, 1.117) 1.067 (0.993, 1.147)

Leg surface area (cm2)

Left 2472.46 ± 319.00 2734.48 ± 377.75 0.998 (0.997, 0.999) 0.998 (0.997, 0.999)

Right 2529.78 ± 304.56 2785.02 ± 402.93 0.998 (0.997, 0.999) 0.998 ( 0.997, 0.999)

Leg volume (cm3)

Left 5000.91 ± 882.68 5932.30 ± 1125.60 0.911 (0.883, 0.940) 0.905 ( 0.874, 0.938)

Right 5024.09 ± 876.43 5960.21 ± 1091.82 0.903 (0.873, 0.934) 0.893 ( 0.860, 0.928)
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applied to different ethnic populations. Third, different health care systems may provide diverse intervention 
plans, leading to different levels of disease risk. In addition, health-seeking behavior, social support, and health 
literacy may change health outcomes, but nondifferential misclassification was assumed in this study. Finally, 
interventions such as exercise, nutrition, and medicine can modify body measurements, but obtaining data on 
these was not feasible in this study.

Conclusions and implications
Adverse body shape rather than sarcopenia itself causes poor health outcomes. Sarcopenia-associated body 
measurements, including upper arm circumference, waist width, and thigh circumference, can be used for 
independently predicting the risk of chronic diseases such as T2DM, hypertension, heart disease, and nephrotic 
syndrome. Smaller measurements of the lower limbs and larger measurements of the upper limbs and trunk can 
be useful biomarkers for predicting an individual’s risk of chronic diseases. The body measurements proposed in 
this study can be used to determine the risk of sarcopenia in clinical practice and preventive medicine.

Received: 27 August 2020; Accepted: 26 February 2021

Table 3.   Canonical correlation analysis between body measures and chronic diseases. ABMS adverse 
body measures score; SBMS sarcopenia-associated body measures score. * Canonical correlation 
coefficient = 0.294476 (p = 0.0026). ABMS = 0.00365 × Left upper arm circumference + 0.33597 × Waist 
width − 0.10713 × Left thigh circumference. **Logistic regression using backward selection method 
(p < 0.05). SBMS = 17.3571 - 0.147 × Left upper arm circumference − 0.1595 × Waist width − 0.194 × Left thigh 
circumference.

Body measures variables ABMS* combination coefficient SBMS** combination coefficient

Left upper arm circumference 0.00365 − 0.147

Waist width 0.33597 − 0.160

Left thigh circumference − 0.10713 − 0.194

Figure 1.   Comparison between sarcopenia-associated adverse body measures score (SBMS) and adverse body 
measures score (ABMS) in terms of their linear relationship with chronic diseases (the analyses were performed 
by Cox regression adjusted for age, sex, smoking, alcohol drinking, betel nut chewing, occupation, education, 
marriage, food style, and personal disease).



8

Vol:.(1234567890)

Scientific Reports |         (2021) 11:7749  | https://doi.org/10.1038/s41598-021-85316-0

www.nature.com/scientificreports/

References
	 1.	 Cruz-Jentoft, A. et al. European Working Group on Sarcopenia in Older People. Sarcopenia: European consensus on definition 

and diagnosis: report of the European Working Group on Sarcopenia in Older People. Age Ageing 39(4), 412–423 (2010).
	 2.	 Bianchi, L. et al. The predictive value of the EWGSOP definition of sarcopenia: results from the InCHIANTI study. J. Gerontol. 

Ser. A Biomed. Sci. Med. Sci. 71(2), 259–264 (2016).
	 3.	 Kelley, G. A. & Kelley, K. S. Is sarcopenia associated with an increased risk of all-cause mortality and functional disability?. Exp. 

Gerontol. 96, 100–103 (2017).
	 4.	 Cerri, A. P. et al. Sarcopenia and malnutrition in acutely ill hospitalized elderly: prevalence and outcomes. Clin. Nutr. 34(4), 745–751 

(2015).
	 5.	 Zhang, H. et al. Association between sarcopenia and metabolic syndrome in middle-aged and older non-obese adults: a systematic 

review and meta-analysis. Nutrients 10(3), 364 (2018).
	 6.	 Chang, K.-V. et al. Association between sarcopenia and cognitive impairment: a systematic review and meta-analysis. J. Am. Med. 

Dir. Assoc. 17(12), 1164e7-1164e15 (2016).
	 7.	 Chang, K.-V. et al. Is sarcopenia associated with depression? A systematic review and meta-analysis of observational studies. Age 

Ageing 46(5), 738–746 (2017).
	 8.	 Fielding, R. A. et al. Sarcopenia: an undiagnosed condition in older adults. Current consensus definition: prevalence, etiology, and 

consequences. International working group on sarcopenia. J. Am. Med. Dir. Assoc. 12(4), 249–256 (2011).
	 9.	 Pacifico, J. et al. Prevalence of sarcopenia as a comorbid disease: a systematic review and meta-analysis. Exp. Gerontol. 131, 110801 

(2020).
	10.	 Baumgartner, R. N. et al. Epidemiology of sarcopenia among the elderly in New Mexico. Am. J. Epidemiol. 147(8), 755–763 (1998).
	11.	 Reijnierse, E. M. et al. The impact of different diagnostic criteria on the prevalence of sarcopenia in healthy elderly participants 

and geriatric outpatients. Gerontology 61(6), 491–496 (2015).
	12.	 Ting, M.-K. et al. Predicting type 2 diabetes mellitus occurrence using three-dimensional anthropometric body surface scanning 

measurements: a prospective cohort study. J. Diabetes Res. https://​doi.​org/​10.​1155/​2018/​67423​84 (2018).
	13.	 Lee, D.-C. et al. Physical activity and sarcopenic obesity: definition, assessment, prevalence and mechanism. Fut. Sci. OA 2(3), 

FSO127 (2016).
	14.	 Beaudart, C. et al. Health outcomes of sarcopenia: a systematic review and meta-analysis. PLoS ONE 12(1), e0169548 (2017).
	15.	 Janssen, I., Heymsfield, S. B. & Ross, R. Low relative skeletal muscle mass (sarcopenia) in older persons is associated with functional 

impairment and physical disability. J. Am. Geriatr. Soc. 50(5), 889–896 (2002).
	16.	 Hsu, K.-H., Shih, C.-P. & Liao, P.-J. Waist-to-thigh ratio is a predictor of internal organ cancers in humans: findings from a cohort 

study. Ann. Epidemiol. 23(6), 342–348 (2013).
	17.	 Liao, P. J. et al. Chest width, waist circumference, and thigh circumference are predictors of dementia. Int. J. Geriatr. Psychiatry 

33(8), 1019–1027 (2018).
	18.	 Chen, L.-K. et al. Recent advances in sarcopenia research in Asia: 2016 update from the Asian Working Group for Sarcopenia. J. 

Am. Med. Dir. Assoc. 17(8), 767.e1-e7 (2016).
	19.	 Chuang, Y. C. et al. Waist-to-thigh ratio can also be a better indicator associated with type 2 diabetes than traditional anthropo-

metrical measurements in Taiwan population. Ann. Epidemiol. 16(5), 321–331 (2006).
	20.	 Waters, D. L. & Baumgartner, R. N. Sarcopenia and obesity. Clin. Geriatr. Med. 27(3), 401–421 (2011).
	21.	 Abbatecola, A. M. et al. Discovering pathways of sarcopenia in older adults: a role for insulin resistance on mitochondria dysfunc-

tion. J. Nutr. Health Aging 15(10), 890–895 (2011).
	22.	 Khamseh, M. E. et al. Sarcopenia and diabetes: pathogenesis and consequences. Br. J. Diabetes Vasc. Dis. 11(5), 230–234 (2011).
	23.	 Baek, S. et al. Sarcopenia and sarcopenic obesity and their association with dyslipidemia in Korean elderly men: the 2008–2010 

Korea National Health and Nutrition Examination Survey. J. Endocrinol. Investig. 37(3), 247–260 (2014).
	24.	 Doğan, M. et al. Correlations between sarcopenia and hypertensive target organ damage in a Turkish cohort. Acta Clin. Belg. 67(5), 

328–332 (2012).
	25.	 St-Onge, M.-P., Janssen, I. & Heymsfield, S. B. Metabolic syndrome in normal-weight Americans: new definition of the metaboli-

cally obese, normal-weight individual. Diabetes Care 27(9), 2222–2228 (2004).
	26.	 Larsen, B. A. et al. Association of muscle mass, area, and strength with incident diabetes in older adults: the Health ABC Study. J. 

Clin. Endocrinol. Metab. 101(4), 1847–1855 (2016).
	27.	 Van Pelt, R. et al. Contributions of total and regional fat mass to risk for cardiovascular disease in older women. Am. J. Physiol. 

Endocrinol. Metabol. 282(5), E1023–E1028 (2002).
	28.	 Snijder, M. et al. Low subcutaneous thigh fat is a risk factor for unfavourable glucose and lipid levels, independently of high 

abdominal fat. The Health ABC Study. Diabetologia 48(2), 301–308 (2005).
	29.	 Heitmann, B. L. & Frederiksen, P. Thigh circumference and risk of heart disease and premature death: prospective cohort study. 

BMJ 339, b3292 (2009).
	30.	 Janssen, I., Katzmarzyk, P. T. & Ross, R. Waist circumference and not body mass index explains obesity-related health risk. Am. J. 

Clin. Nutr. 79(3), 379–384 (2004).

Acknowledgements
Authors acknowledged the supports of data linkage by Health and Welfare Data Center, Ministry of Health and 
Welfare in Taiwan.

Author contributions
P.-J.L.: data collection, data analysis and interpretation, drafting. Y.-C.L.: data collection, data interpretation. 
M.-K.T.: data collection, data interpretation. I.-W.W.: data interpretation. S.-W.C.: data interpretation. N.-I.Y.: 
data interpretation. K.-H.H.: study design, data analysis and interpretation, drafting, revision.

Funding
This work was supported by the Ministry of Science and Technology, Taiwan (108-2410-H-182-008-MY2) and 
a Health Aging Research Center of Chang Gung University (EMRPD1K0481). This work was also supported 
by the Chang Gung Medical Foundation (CORPD3J0011, CMRPD3F0021, CMRPD3F0022, CMRPD3F0023, 
CMRPG2F0071, CMRPG2F0072, CMRPG2F0073, CMRPG2F0081, CMRPG2F0082, CMRPG2F0083, CMR-
PD3G0101, CMRPD3G0102, and CMRPD3G0103) and the Wang Jhan-Yang Charitable Trust Fund (WJY 2020-
HR-01, WJY 2021-HR-01).

Competing interests 
The authors declare no competing interests.

https://doi.org/10.1155/2018/6742384


9

Vol.:(0123456789)

Scientific Reports |         (2021) 11:7749  | https://doi.org/10.1038/s41598-021-85316-0

www.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to K.-H.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Adverse body measurements are superior to sarcopenia-associated measurements in predicting chronic diseases
	Methods
	Study participants and data collection. 
	Anthropometric parameters. 
	Statistical analyses. 

	Results
	Discussion
	Conclusions and implications
	References
	Acknowledgements


