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ABSTRACT: Regional body composition changes with aging. Some of the changes in composition are 

considered major risk factors for developing obesity related chronic diseases which in turn may lead to 

increased mortality in adults. The role of anthropometry is well recognized in the screening, diagnosis and 

follow-up of adults for risk classification, regardless of age. Regional body composition is influenced by a 

number of intrinsic and extrinsic factors. Therapeutic measures recommended to lower cardiovascular 

disease risk include lifestyle changes. The aim of this review is to systematically summarize studies that 

assessed the relationships between anthropometry and regional body composition. The potential benefits and 

limitations of anthropometry for use in clinical practice are presented and suggestions for future research 

given. 
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1. Anthropometry as an indicator of nutritional and 

health status 
 

Prevalence of overweight and obesity is high and 

increasing worldwide [1, 2]. Recent evidence suggests 

that both fat and lean mass predict mortality in individuals 

with and without cardiovascular disease (CVD) [3-5]. 

This requires knowledge of individual tissue 

compartments, such as muscle and adipose tissue, and 

relies on accurate methods of regional body composition 

(BC) assessment. Since the accepted ‘gold’ standards for 

regional BC estimation in vivo, such as magnetic 

resonance imaging (MRI) and computer tomography (CT) 

are difficult to access in routine health care situations, it 

remains important to use anthropometry in the screening 

and diagnosis of health and nutritional risk. 

The use of BC in medicine is based on its relationship 

with morbidity and mortality. In the 80’s it was 

recognized that many chronic and acute illnesses involved 

alterations in BC, and that these changes might be linked 

with morbidity and mortality [6]. The vast majority of the 

associations among BC and morbidity and mortality relate 

to obesity, a medical condition characterized by the 

accumulation of excess adipose tissue (AT) or fat [7]. The 

main impact of these associations tends to be on the 

cardiovascular system, although the effects on an 

individual can be modified or compounded by 

environmental or genetic factors [8]. Meta-analysis 

reports show that obesity is a risk factor for CVD, type 2 

diabetes mellitus, hypertension, some forms of cancer [9-

11] and all-cause mortality in adults [12-14]. One of the 

most important confounding factors profoundly 
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influencing the relationship between obesity and mortality 

is physical activity [15]. In fact, it has been shown that the 

mortality risk associated with obesity is offset when 

cardiovascular fitness is taken into account [16-18]. 

Fat or lipid, in regard to disease and death, can be 

viewed in terms of the concentrations of various lipid 

molecules in the blood, such as total cholesterol, 

triglycerides and low-density lipoproteins. High 

concentrations of these circulating blood lipids are 

significantly associated with cardiovascular disease risk 

[19] and increased risk of death due to myocardial 

infarction or stroke [20]. Thus, accurate measurements of 

BC lead to diagnosis, understanding of disease 

mechanisms and treatment [21]. 

In nutrition, accurate measures of BC in subjects with 

eating disorders are important to monitor the effects of 

therapeutic interventions on muscle and AT 

compartments [22]. Only body BC can determine how 

much muscle and AT are lost or gained as the result of any 

nutrition, exercise, or pharmaceutical prescription. By 

measuring BC, a person's health status can be more 

accurately assessed and the effects of both dietary and 

physical activity programs better directed. 

Anthropometry and regional body tissue distribution 

Measurements obtained from reference and laboratory BC 

methods (e.g. medical imaging systems such as MRI, CT 

and dual energy X-ray absorptiometry or DXA) and field 

methods (e.g. anthropometry) have been used to quantify 

body tissues and their distribution. From these 

anthropometry is the only technique that is readily 

available in the clinical setting. 

 

2.1. Anthropometry in clinical practice 

 

The use of anthropometry owes its popularity to its 

simplicity, inexpensiveness, portability and safety. Its 

convenience allows it to be applied in large population-

based studies, in evaluating BC changes over time, as well 

as in clinical and field situations where access to 

sophisticated technology is limited. Although newly 

developed techniques have contributed significantly to the 

knowledge in BC over the last decades, their advent has 

not decreased the popularity of anthropometry which still 

remains the most widely used method for quantifying BC 

today. Moreover, their advent has created a renewed 

interest in anthropometry as imaging techniques can be 

used as BC standards. As a result, new potential 

applications of anthropometry are being explored in 

determining regional muscle and adipose tissue 

distribution. The general objective of this review is to 

determine the value and limitations of anthropometry in 
estimating regional BC for use in clinical practice. 

Researchers have suggested that simple regional data 

may often be of greater value than whole body values 

obtained by more sophisticated approaches [23]. The 

pioneer work of Vague, the importance of which has been 

recognized only recently [24, 25], has significantly 

contributed to the insight and current understanding of the 

relationship between obesity, body tissue distribution and 

health risk [26, 27]. Using anthropometry Vague 

constructed an index of obesity into a masculine and a 

feminine type, colloquially known as the “apple-shape” 

and “pear-shape” type respectively. He used the adipo-

muscular ratio, which is the ratio of AT to muscle areas 

on the upper and lower limbs. Despite the fact that there 

is still some controversy whether the total amount of AT, 

usually assessed by the body mass index (BMI) [28], or 

its distribution confers a greater risk for developing CVD 

[29], it has become increasingly clear that excess central 

or visceral AT is the key abnormality leading to CVD [30-

32]. Proponents of the central obesity hypothesis have 

suggested that the latter could provide an explanation for 

the reduced mortality risk among patients with coronary 

heart disease and a high BMI, commonly referred to as the 

“obesity paradox” (Figure 1) [16, 33, 34]. 

 

 
 
Figure 1. Association of BMI with mortality rate in 

patients with stable heart failure (adapted from Curtis 

et al. [33]) 

 

In the meta-analysis of Coutinho et al. [35], a large 

WC was particularly predictive of increased mortality 

among patients with presumably “normal” BMI values. It 

has been suggested that these patients might have less 

muscle, have a poor cardiorespiratory fitness, and most 

importantly characterized by an excess of visceral and by 

increased ectopic AT deposition for which excess liver fat 
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and epi-/pericardial fat are salient features [36]. Studies 

have demonstrated that intra-abdominal or visceral AT, 

via a variety of mechanisms [37-40], is pro-atherogenic, 

but subcutaneous and/or peripheral AT is not [41-43]. In 

fact, recent evidence suggests that subcutaneous or 

peripheral AT protects against disturbed metabolism [44-

46]. At the same time it has been shown that the 

association between mortality and high BMI decreases 

with advancing age [47]. Since it has been suggested that 

low BMI might be a sign of serious disease or a sign of 

the terminal phase in the oldest elderly persons, the 

assessment of muscle might be as important as that of AT 

distribution in this group [48]. 

Today, anthropometry remains the most widely applied 

method for BC quantification in clinical practice because 

of its distinct advantages. 

 

2.2. Relationships between anthropometric indexes and 

AT distribution 

 

Together with the BMI a number of other simple 

anthropometric indices such as waist circumference (WC) 

and waist-to-hip ratio (WHR) have been described as 

indices of obesity. Waist circumference-based indexes are 

regarded as indicators of abdominal obesity and as 

markers of regional AT distribution [49, 50]. Apart from 

WC and WHR, a number of other anthropometric 

indicators of abdominal obesity have been described, such 

as the waist-to-thigh ratio, abdominal sagittal diameter, 

waist-height ratio and conicity index, but these indexes 

are often more difficult to interpret because no reference 

values have been reported in the literature [51]. 

 

2.2.1. Body mass index (BMI) 

 

The World Health organization (WHO) and the National 

Institutes of Health (NIH) promote the use of the BMI as 

a clinical index to classify overweight (BMI≥25kg/m²) 

and obesity (BMI≥30kg/m²) in adults [1, 52]. The use of 

BMI as an indicator of obesity is based on the observation 

that it seems to correlate well with total body adiposity at 

population level [53], even though it cannot discriminate 

between adipose and non-adipose tissue in individuals 

[54-56]. Moreover, the BMI cannot distinguish between 

different types of AT. Despite the fact that several meta-

analyses, prospective and observational BMI studies have 

demonstrated its value in detecting increased mortality 

risk [14], its accuracy in diagnosing obesity is limited, 

especially in heavy (muscular) non obese individuals [13, 

57-59]. As a result, the BMI might misclassify individuals 

as having normal or excessive amounts of AT [56, 60]. 
Thus, the BMI might be useful in the evaluation of 

nutritional transition trends in epidemiological research, 

its use as a BC tool for health assessment in individual 

subjects is questionable [61]. 

 

2.2.2. Waist circumference (WC) 
 

The WHO and the NIH promote the use of sex-specific 

WC cut-offs to identify the increased relative risk for the 

development of obesity-associated morbidity in 

overweight (BMI≥25kg/m²) and in class I obese 

(30kg/m²≤BMI<35kg/m²) individuals [1, 52]. The 

rationale for its use is based on its apparent correlation 

with visceral AT [62, 63]. However, it has to be reminded 

that WC is a composite measure of all underlying tissues 

(including subcutaneous AT, muscle and organs). 

Therefore it has been argued that the accuracy of WC in 

quantifying visceral AT is influenced by inter-individual 

variability in AT composition [64-66] and measurement 

site [67]. In fact, the distribution of subcutaneous and 

visceral AT have proven to be related to an individual’s 

risk for CVD [68-70], since subcutaneous AT has a lower 

lypolitic activity compared to visceral AT [71]. Moreover, 

Hsieh and Yoshinaga [72] showed that metabolic risks 

differed between people of similar WC with different 

heights. 

 

2.2.3. Waist-to-hip ratio (WHR) 

 

There is a well-documented sex dimorphism in regional 

adipose distribution women having higher proportions of 

AT in the legs compared to men who more frequently 

accumulate excess AT within their abdominal cavity [73]. 

The WHR ratio is used as a clinical surrogate for regional 

AT distribution, hip circumference being representative 

for lower limb subcutaneous AT [49, 74-76]. 

Comparative cross-sectional evaluations of simple 

anthropometric indexes have suggested WC to be the best 

single indicator of cardiovascular risk [77], although 

recent evidence obtained from follow-up studies showed 

that adding hip circumference substantially increases 

predictive power for all cause and CVD mortality [78, 79]. 

However, it has been suggested that the WHR is not 

helpful in practical risk management because both the 

waist and hip circumference can decrease following 

weight reduction, with very little changes in WHR [80]. 

In summary, among the three adiposity indexes described 

here, the BMI seems to be the best correlate of total and 

subcutaneous AT in both genders [81, 82]. The WC is the 

anthropometric index that best correlates with absolute 

amounts of several abdominal AT compartments (e.g. 

intra-peritoneal, retro-peritoneal, and subcutaneous AT) 

[83], while the WHR best relates to relative AT 
distribution [80]. Although anthropometric indexes 

significantly correlate with adiposity measures in groups, 
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inter-individual variability in tissue composition may lead 

to erroneous classification of subjects. 

 

2.3. Prediction of tissue distribution with 

anthropometric variables 

 

In order to improve the accuracy of body component 

estimations by indexes, multiple anthropometric 

variables, including skinfolds, circumferences, lengths, 

widths, weight, height and age have been combined to 

develop prediction equations. A number of 

anthropometric variables vary by age, sex and ethnicity 

[84]. For example, it has been shown that the BMI 

represents a higher level of adiposity in Asians compared 

to whites. Skinfold thicknesses are consistently higher in 

females compared to males and abdominal 

circumferences increase with increasing age in both 

genders. 

The literature concerning the prediction of total body 

components, e.g. total body fat percentage, is very 

extensive, but equations were often validated against 

methods which today are no longer considered BC 

references methods [85, 86]. With regard to the estimation 

of regional components by anthropometry the scientific 

literature is much more limited, and mainly concentrated 

on the prediction of visceral adiposity and upper arm 

muscle mass. Again, it has to be reminded that the 

majority of anthropometric predictions are validated 

against indirect estimations of body components, with a 

few exceptions [87, 88]. 

 

2.3.1. Adipose tissue compartments 
 

Adipose tissue compartments can be classified at the 

tissue–system level based on their distribution within the 

body. A classification proposed by Shen et al. [89] is 

given in Table 1. 

 

 
 

Table 1. Classification of adipose tissue compartments 

 

AT compartment Definition 

Total AT Sum of adipose tissue, usually excluding bone marrow and adipose tissue in the 

head, hands, and feet 

Subcutaneous AT The layer found between the dermis and the aponeuroses and fasciae of the 

muscles. Includes mammary adipose tissue 

    Superficial subcutaneous AT The layer found between the skin and a fascial plane in the lower trunk and 

gluteal-thigh area 

    Deep subcutaneous AT The layer found between the muscle fascia and a fascial plane in the lower trunk 

and gluteal-thigh areas 

Internal AT Total adipose tissue minus subcutaneous adipose tissue 

    Visceral AT Adipose tissue within the chest, abdomen, and pelvis 

      Intrathoracic Sum of adipose tissue in the chest. Includes intrapericardial and extrapericardial 

adipose tissue 

      Intraabdominopelvic AT Visceral adipose tissue minus intrathoracic adipose tissue 

      Intraperitoneal AT Adipose tissue within the peritoneum of the abdomen. Includes omental and 

mesenteric adipose tissue 

      Extraperitoneal AT Sum of adipose tissue outside the peritoneum and inside the abdomen or pelvis  

      Intraabdominal AT Adipose tissue outside the peritoneum and inside the abdomen. Includes 

preperitoneal and retroperitoneal (e.g., perirenal, pararenal, periaortic, and 

peripancreatic) adipose tissue 

      Intrapelvic AT Adipose tissue outside the peritoneum and inside the pelvis. Includes 

parametrial, retropubic, paravesical, retrouterine, pararectal and retrorectal 

adipose tissue 

    Nonvisceral internal AT Internal adipose tissue minus visceral adipose tissue 

      Intramuscular AT Adipose tissue within a muscle (between fascicles) 

      Perimuscular AT Adipose tissue inside the muscle fascia (deep fascia), excluding intramuscular 

adipose tissue 

      Intermuscular AT Adipose tissue between muscles 

      Paraosseal AT Adipose tissue in the interface between muscle and bone (e.g., paravertebral) 

      Other nonvisceral AT Orbital adipose tissue; aberrant adipose tissue associated with pathological 

conditions (e.g., lipoma) 
 

AT=adipose tissue 
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Table 2. Predictive capacity of anthropometric equations for visceral AT area of the trunk in adults 

 
Author Method VAT area equations R² (%) Age range 

(y) 
Cross-

validation 

Seidell et al. [91] CT = (0.35*BMI) + (1.48*∑ umbiliusSF and suprailiacSF) + 

(34.122*WHR) + (0.06*age) – 37.322 (M) 

= (0.367*BMI) + (WTR*10.911) + (0.994*menopausal statea) – 
15.083 (F) 

 

81.9 

79.5 

19-85 no 

Kvist et al. [94] CT VAT (cm³) = (0.731*sagittal diameterb) – 11.5 (M) 

VAT (cm³) = (0.370*sagittal diameterb) – 4.85 (F) 

81.0 

79.6 

24-64 yes 

Weits et al. [99] CT = (3.27071*WC) + (3.74794*HC) – 558.25696 (M) 

= (2.00558*WC) + (2.32435*HC) – 319.21927 (F) 

74.0 

56.0 

16-81 yes 

Ferland et al. [98] CT = (1.0652*weight) + (1.6649*abdominalSF) + 
(1.6934*subscapularSF) + (200.9726*WHR) + (1.7137*age) – 

292.1026 (F) 

 
73.7 

23-50 no 

Despés et al. [102] CT = (2.843*WC) + (2.125*age) – 225.39 (M) 74.0 18-42 no 

Koester et al. [103] CT = (3.4838*WC) – (67.0158*log chest ratioc) – 157.7378 (M) 67.0 18-30 yes 

Kekes-Szabo et al. [95] CT = (4.37*WC) +(0.75*age) + (1.26*abdominalSF) – 

(1.55*∑legCCd) – 202.04 (M) 

73.0 18-71 yes 

Bonora et al. [76] MRI = (6.37*WC) – 453.7 (M) 

= (4.04*WC) + (2.62*age) – 370.5 (F) 

56.0 

68.0 

22-70 no 

Kekes-Szabo et al. [96] CT = (2.57*umbilicusCC) + (0.69*suprailiacSF) + (0.92*age) – 
188.61 (F) 

75.0 17-76 yes 

Schreiner et al. [97] MRI e WHR, age (M) 
e WC (F) 

32.9 

42.8 

48-68 no 

Stanforth et al. [107] CT Ln (VAT) = (0.05*BMI) + (3.2*WHR) + (0.02*age) + 

(0.36*racef) – 0.70 (M) 

Ln (VAT) = (0.05*BMI) + (1.85*WHR) + (0.02*age) + 
(0.22*racef) + 0.33 (F) 

78.0 

73.0 

17-65 yes 

Brundavani et al. [104] CT = (1.09*weight) – (2.29*BMI) + (6.04*WC) – 382.9 (M) 

= (5.19*WC) – (0.86*weight) – 278 (F) 

74.2 

62.6 

40-79 no 

Bouza et al. [105] CT = (3.413*WC) – (2.281*HC) + (3.306*age) – 27.765 (M+F) 62.0 18-78 no 

Goel et al. [106] MRI = (16.9*age) + (934.18*sexg) + (578.09*BMI) – (441.06*HC) + 

(434.2*WC) – 238.7 (M+F) 

52.1 15-50 no 

Eastwood et al. [108] CT = h (1.87*age) + (2.80*weight) – (1.79*height) + (7.57*WC) – 

(4.91*HC) – (2.85*TC) + 67.88 (M) 

= h (0.90*age) + (2.71*weight) + (2.62*WC) – (1.75*TC) – 
250.86 (F) 

= i (0.94*age) + (8.63*WC) + (1.47*TC) – (3.86*HC) – 422.31 

(M) 
= i (2.20*age) + (3.20*weight) – (2.42*height) + (3.35*WC) – 

(4.93*HC) + 323.39 (F) 

= j (1.18*age) + (2.16*weight) – (2.35*height) + (6.56*WC) – 
(2.15*HC) – (1.81*TC) + 39.24 (M) 

= j (1.13*age) + (6.28*weight) – (2.47*height) + (1.85*WC) – 
(3.71*HC) – (4.35*TC) + 475.69 (F) 

69.0 

 

62.0 
 

73.0 

 
56.0 

 

61.0 
 

55.0 
 

58-85 yes 

 

AT=adipose tissue; BMI = body mass index (kg/m²); WC = waist circumference (cm); HC = hip circumference (cm); TC = thigh circumference (cm); 

CC= circumference (cm); WHR = waist-to-hip ratio; WTR = waist-to-thigh ratio; VAT = visceral adipose tissue (cm²); CT = computed tomography; 

MRI = magnetic resonance imaging; M = for men, F = for women; a 1 = postmenopausal, 0 = premenopausal; b obtained by CT (cm); c logarithm of the 
chest circumference divided by the chest skinfold thickness; d ∑legCC = sum of the mid-thigh and lower thigh circumference (cm); e exact equation 

not given; f black = 0, white = 1; g male = 1, female = 2; h white European; i African Caribbean; j South Asian; sagittal diameter (cm); age (years). 

 

 
 

Some of the AT compartments defined above have 

aroused considerable research interest because of their 

relationship with metabolic disorders (e.g. visceral AT 

and intermuscular AT). Other smaller AT compartments 

have shown little interest to investigators, mainly because 

they are difficult to measure (e.g. intramuscular AT) or 

because they seemed to be irrelevant to health assessment 

(e.g. orbital AT). 
In this section the amount and distribution of AT in 

the trunk, including visceral and subcutaneous AT, and 

AT mass quantification in the limbs using anthropometric 

variables will be reviewed. 

 

2.3.1.1. Trunk adipose tissue 

 

Adipose tissue in the trunk can be defined as the sum of 

the internal and subcutaneous AT compartments. Since it 

is well known that visceral AT concentration carries 
greater cardiovascular health risk compared to 

subcutaneous AT accumulation [90], it might be 
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important to accurately quantify both compartments 

separately. In general, subcutaneous AT area can be 

approximated by BMI, skinfold thicknesses and/or age 

[91]. The prediction of visceral AT area appears to vary 

by sex and age. Together with these non-modifiable 

factors, BMI, WC and/or WHR seem to explain a large 

percentage of the variance in visceral AT area in both men 

and women [76, 91]. 

 

 
 

Table 3.  Predictive capacity of anthropometric equations for subcutaneous AT area of the trunk in adults 

 
Author Method SAT area equations R² (%) Age range 

(y) 

Cross-

validation 

Seidell et al. [91] CT = (0.157*BMI) + (1.63*∑ umbiliusSF and suprailiacSF) + 

(29.159*WHR) + (0.051*age*) – (10.694*WTR) – 18.798 (M) 
= (0.373*BMI) + (1.301*∑ umbiliusSF and suprailiacSF) – 3.327 (F) 

79.4 

 
84.2 

19-85 no 

Weits et al. [99] CT = (10.58479*BMI) + (3.20392*HC) – 430.0784 (M) 

= (12.47853*BMI) + (4.43236*HC) – 505.06653 (F) 

71.0 

77.0 

16-81 yes 

Koester et al. [103] CT = (3.9545*WC) + (1.0041*∑ abdominalSF and suprailiac SF) – 

297.2438 (M) 

78.0 

 

18-30 yes 

Kekes-Szabo et al. [95] CT = (3.98*umbilicusCC) + (2.31*chestSF) + (3.41*suprailiacSF) + 
(1.84*age) – 398.78 (M) 

77.0 
 

18-71 yes 

Bonora et al. [76] MRI = (9.37*BMI) + (5.51*HC) – 621.0 (M) 

= (24.5*BMI) + (2.26*age) – 332.9 (F) 

87.0 

87.0 

22-70 no 

Kekes-Szabo et al. [96] CT = (11.86*BMI) + (3.12*umbilicusCC) + (2.22*suprailiacSF) + 

(1.32*horizontal abdominalSF) – (2.63*shoulderCC) – 155.85 (F) 

81.0 17-76 yes 

Schreiner et al. [97] MRI a WC², tricepsSF, HC, height, age² (M) 
a WC, HC (F) 

74.1 
75.5 

48-68 no 

Bouza et al. [105] CT = (7.245*BMI) + (8.653*HC) – (78.262*sexb) – (1.765*age) – 683.11 

(M+F) 

76.0 18-78 no 

Goel et al. [106] MRI = (783.3*BMI) + (466*HC) – (17.15*age) + (1016.5*sexc) – 49376.4 

(M+F) 

67.1 15-50 no 

Eastwood et al. [108] CT = d (2.29*weight) + (2.34*WC) + (2.49*HC) – (1.19*age) – 

(2.00*height) – 28.95 (M) 

= d (3.76*weight) + (7.01*HC) – (0.99*age) – (3.07*height) – (3.03*TC) 
+ 24.98 (F) 

= e (3.83*WC) + (6.52*HC) – (0.08*age) – (2.09*height) – (1.23*TC) –

373.61 (M) 
= e (0.23*age) + (2.24*WC) + (9.48*HC) – 896.27 (F) 

= f (0.63*age) + (3.88*weight) – (3.21*height) + (1.43*WC) + 

(2.54*HC) + 48.58 (M) 
= f (3.94*weight) + (5.63*HC) – (1.72*age) – (5.21*height) + 404.25 

72.0 

 

80.0 
 

81.0 

 

86.0 

75.0 

 
81.0 

58-85 yes 

 

AT = adipose tissue; BMI = body mass index (kg/m²); WC = waist circumference (cm); HC = hip circumference (cm); TC = thigh circumference (cm); 

CC= circumference (cm); WHR = waist-to-hip ratio; WTR = waist-to-thigh ratio; SF = skinfold (mm); SAT = abdominal subcutaneous adipose tissue 

(cm²); CT = computed tomography; MRI = magnetic resonance imaging; M = for men, F = for women; a exact equation not given; b male = 1, female = 
0; c male = 1, female = 2; ; d white European; e African Caribbean; f South Asian; age (years). 

 

 

 

 

2.3.1.1.1. Visceral adipose tissue (VAT) 

 

The amount of VAT increases with age in both genders 

[92], and this increase is present in normal weight (BMI, 

18.5 to 24.9) as well as in overweight (BMI, 25 to 29.9) 

and obese subjects (BMI ≥ 30 kg/m2) but more so in men 

than in women [71]. In general, adult men have more 

VAT compared to women of the same age [93]. In 

anthropometric validation studies the VAT compartment 

is generally assessed using single CT or MRI slices at a 

predefined lumbar level (e.g. L4-L5 or L3-L4), which is 

being used as a surrogate for total VAT volume [94]. This 

procedure may result in estimation errors of 7% to 9% in 

women and men respectively. 

Although comparing results across studies remains a 

difficult task because of differences in methodology and 

sample characteristics, a number of similarities between 

anthropometric validation studies can be recognized. The 

most important observation is that among all AT 

compartments, the visceral VAT compartment is the 

hardest to assess accurately [95-97]. Seidell et al. [91] and 

Ferland et al. [98] reported that the VAT area (cm²) could 

be accurately predicted from anthropometry, but did not 

cross-validate their equations. Kvist et al. [94], who used 
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the abdominal sagittal diameter as the single predictor for 

VAT volume reported estimation errors up to ±20%. 

Even though anthropometric measurements may 

provide a useful indication of AT deposition in a clinical 

setting [99-101], most studies concluded that the 

estimation of VAT using anthropometry is limited, 

explaining between 50% and 80% of the variance in VAT 

area in both sexes [76, 102-106]. An overview of the 

predictive capacity of anthropometry for trunk visceral 

AT is given in Table 2. In spite of the errors associated 

with the anthropometric prediction of VAT it has been 

suggested that a cut-off value of 130cm² for VAT area 

could be used as an estimate of an increased risk for 

metabolic abnormality (e.g dyslipidemia, raised glucose 

concentration, systemic inflammation) in clinical practice 

[107]. 

 

2.3.1.1.2. Abdominal subcutaneous adipose tissue (SAT) 

 

The amount of whole body SAT increases until the age of 

55-65 and decreases afterwards in both genders [84]. In 

men the changes in SAT thickness occur predominantly 

in the abdominal area, while in women they are more 

general. This might explain the inclusion of suprailiac and 

abdominal skinfolds in male prediction equations. Table 

3 shows that abdominal SAT can be estimated accurately 

using anthropometric variables such as BMI, age, 

abdominal skinfolds and/or trunk circumferences, 

explaining approximately 75% to 90% of the variance in 

SAT area in both genders. 

In summary, SAT can be estimated more accurately 

than VAT from anthropometry in both genders. A number 

of sex specific variables can be identified as best 

predictors of trunk AT compartments, but no ‘gold’ 

standard prediction equation exists. The VAT:SAT ratio 

cannot be accurately predicted [91]. 

 

2.3.1.1.3. Total trunk adipose tissue 

 

Total trunk AT is the sum of SAT, VAT and nonvisceral 

AT (e.g. intermuscular AT). It has been shown that trunk 

AT can be estimated at the tissue-system level using the 

same anthropometric variables used for the prediction of 

VAT or SAT, but with higher predictive accuracy 

(R²≥0.85) [91, 94-96].  

Total trunk adiposity has also been quantified at the 

molecular BC level. It has been shown that trunk AT 

assessed by CT is strongly correlated to trunk fat mass 

(FM) by DXA [109]. Predicting trunk FM using two or 

more anthropometric indices (BMI, WC, WHR and 

conicity index) resulted in higher accuracy than using 
BMI or WC alone [110-112]. Studies have also shown 

that age has important effects on the relationship between 

fat mass of the trunk and these anthropometric indices. 

 

2.3.1.2. Upper and lower limb adipose tissue 
 

Limb AT consists mainly of subcutaneous and 

intermuscular AT (IMAT). It has recently been suggested 

that IMAT represents an AT depot with similar metabolic 

characteristics as the VAT depot [113-115]. 

Intermuscular AT is associated with poor physical 

performance [116] and with impaired glucose tolerance 

[117]. To the knowledge of the author there are no 

anthropometric prediction equations for estimating the 

IMAT compartment. Anthropometric prediction 

equations for the estimation of total AT in the upper and 

lower limb segments have been validated against cadaver 

dissection [87, 88]. Accurate predictions (R² between 0.80 

and 0.98) of limb AT were obtained using intra-segmental 

lengths and (corrected) skinfolds. 

At the molecular BC level, anthropometric prediction 

equations for leg and arm FM have been developed and 

cross-validated against DXA. These equations explained 

69% and 87% of the variance in leg and arm FM 

respectively [118-120]. 

 

2.3.2. Muscle tissue compartments 

 

Muscle mass varies by sex, age and ethnicity. It is well 

known that men have more muscle in absolute and relative 

terms compared to women at all adult ages and for all 

body regions [121, 122], the proportional difference being 

the greatest in the arm segment [123]. Cross-sectional data 

indicate that skeletal muscle atrophy may start around the 

age of 30-40 years and progresses at an average rate of 1% 

per year until the age of 70 years, above which the process 

accelerates dramatically up to 3% per year [124]. Age-

related muscle wasting appears to affect all muscle 

compartments, but most noticeably the leg compartment 

[125]. With regard to racial differences, it has been shown 

that black persons have approximately 5% more lean 

tissue compared to white ones [126]. 

Muscle tissue compartments can be subdivided 

according to anatomical region (e.g. arm, trunk or leg) and 

physiological function (e.g. skeletal and non-skeletal 

muscle). The amount and distribution of skeletal muscle 

mass has been related to physical performance in sports 

and aging [127, 128] and to long-term mortality in elderly 

persons [129]. Non-skeletal muscle mass (organ mass) is 

currently being investigated as a means of quantifying 

resting energy expenditure [130, 131]. 

In this section the quantification of muscle distribution in 
the limbs and trunk using anthropometry will be reviewed. 
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2.3.2.1. Upper and lower limb muscle mass 

Historically, estimates of upper arm muscle 

circumference have served as a functional index of 

protein-energy malnutrition [132]. The anthropometric 

method for estimating muscle is based on the conceptual 

assumption that human extremities are modeled as 

concentric cylinders of bone, muscle and subcutaneous 

AT plus skin. Hence, limb circumference (CC) and its 

corresponding skinfold thickness (SF) can be used to 

calculate skinfold-corrected circumference (i.e. muscle 

plus bone) [133, 134]. Since the skinfold measurement 

includes two thicknesses of AT [135]: 

 

𝐶𝐶𝑚𝑢𝑠𝑐𝑙𝑒+𝑏𝑜𝑛𝑒  = 𝐶𝐶 − (𝑆𝐹 ∗  𝜋)   (1) 

 

Squaring the skinfold-corrected circumference 

provides the muscle plus bone tissue area (A). 
 

𝐴𝑚𝑢𝑠𝑐𝑙𝑒+𝑏𝑜𝑛𝑒 = 
(𝐶𝐶−𝑆𝐹 ∗ 𝜋)2

4𝜋
   (2) 

 

Correcting the bone plus muscle area for assumed 

bone and AT area within the lean tissue area yields the 

“true” muscle area [136]. 

 

𝐴𝑚𝑢𝑠𝑐𝑙𝑒 = 
(𝐶𝐶−𝑆𝐹 ∗ 𝜋)2

4𝜋
 – 𝐴𝑏𝑜𝑛𝑒 – 𝐴𝑎𝑑𝑖𝑝𝑜𝑠𝑒 𝑡𝑖𝑠𝑠𝑢𝑒 (3) 

 

Multiplying the muscle area by length (L) and reference 

density (ρ) of 1.04 g/cm³ [137] gives limb muscle mass 

(M). 
 

𝑀𝑚𝑢𝑠𝑐𝑙𝑒 =   𝜌 ∗ 𝐿 ∗ 𝐴𝑚𝑢𝑠𝑐𝑙𝑒   (4) 
 

The anthropometric prediction of limb muscle has 

been performed against estimates of muscle area 

(equation 3) obtained by single slice CT or MRI, with or 

without correcting for bone and AT area within the lean 

tissue cylinder. 

Intra- and interindividual variations in AT patterning 

often led to inaccuracies (over- or underestimation) in 

muscle tissue estimates. For example, elderly and obese 

persons may have a considerable amount of IMAT within 

the lean tissue compartment, leading to an overestimation 

of muscle if not corrected appropriately. Also, in 

malnutrition or wasting the assumption of concentricity of 

compartments may not be valid. Last but not least the 

skinfold measure is subjected to a non-negligible 

interobserver measurement error. Despite the fact that 

correction factors for the overestimation of arm muscle 

area in patients were proposed, an average estimation 

error of ±8% had to be taken into account [136]. Buckley 

et al. [138] and Forbes et al. [139] stated that 

anthropometry yields inaccurate estimates of limb 

component areas. All assumptions and errors considered, 

the validity of anthropometry in predicting muscle cross-

sectional area has been confirmed in young healthy 

individuals [140, 141], but its accuracy in obese, elderly 

and undernourished persons has been repeatedly criticized 

[139, 142-145]. 

There have been also a number of attempts to quantify 

limb muscle mass in elderly [87, 88] and limb lean mass 

(molecular level) in young adults [112, 118, 119, 146, 

147] using regression analysis. Although most of these 

regression based equations showed high predictive 

capacity (R²>0.80), their validity is largely unknown since 

they were not always cross-validated on separate samples. 

It is suggested that anthropometry may provide 

accurate predictions of regional muscle estimates in 

young healthy adults, but additional work needs to be 

done in order to establish its validity in other groups. 

 

2.3.2.2. Trunk muscle mass 

 

Muscle mass in the trunk mainly consists of skeletal 

muscle located around the vertebrae and smooth muscle 

found within the walls of the organs. Skeletal muscle of 

the trunk accounts for about 25 to 30% of the total weight 

of the musculature at maturity. At the same time it may 

represent between 20 and 30% of total trunk weight in 

elderly persons [121]. Loss of trunk muscle mass has been 

associated with chronic low back pain [148]. 

Recent evidence suggests that non-skeletal muscle 

varies by age independent of sex or ethnicity [149]. For 

example, it has been shown that kidneys, liver, spleen, and 

heart mass decrease with increasing age. Organ mass also 

appears to be related to weight and height, explaining 

about 80% of the between subject variability in REE 

[150]. Thus, accurate estimates of trunk muscle 

composition may provide useful information regarding 

the energy an individual spends at rest. 

To the knowledge of the author there are no 

anthropometric prediction formulae that estimate the 

muscle compartments in the trunk. 

In summary, no work has been performed with regard 

to the prediction of trunk muscle quantities and/or tissue 

distribution by anthropometry. 

 

3. Use and interpretation of regional tissue 

distribution measurement by anthropometry in 

clinical practice 

 

Body mass index, WC and WHR are used to classify 

individuals in terms of overweight and abdominal obesity, 

respectively [151]. These anthropometry based indexes 
are used across sexes, age groups and ethnicities. In 

clinical practice health risk assessment is based on the use 
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of cut-off values that have been proposed for a number of 

these anthropometric indexes. However, anthropometric 

index numbers or values do not necessarily represent the 

same quantitative components among different groups 

because of the variation in BC. Therefore group specific 

cut-off values have been proposed for defining health risk. 

In order to account for the obvious gender differences in 

BC cut-off values based on WC and WHR are proposed 

for men and women separately [152-155]. Similarly and 

in order to account for BC differences between races it has 

been suggested to lower BMI ranges by 1 to 2 kg/m² for 

diagnosing overweight and obesity in Asians compared to 

whites [153, 156]. These examples suggest that the 

relationship of anthropometry with physiological and 

metabolic characteristics is partially determined by non-

modifiable factors such as gender and ethnicity. However, 

there are also a number of other modifiable factors 

influencing the relationship between anthropometry, body 

composition and health such as physical activity, smoking 

status and alcohol consumption. When interpreting 

anthropometric measures in clinical practice BC changes 

that occur during lifetime and confounding variables with 

regard to health assessment should also be taken into 

account. In the following paragraphs a number of factors 

that affect the relationship between anthropometry and 

regional BC are briefly discussed. 

 

 

 

 
 
Figure 2. Relation between subcutaneous and internal AT in elderly persons (n=29). AT = adipose tissue, internal AT 

= sum of intraperitoneal, retroperitoneal and intermuscular AT (adapted from Martin et al. [168] & Clarys et al. [169]) 

 

 

 

3.1. Relationship between anthropometry and regional 

body composition: influence of age and gender, 

physical activity, ethnicity and genetics 

 

3.1.1. Age and gender differences 

 

The rather common practice to extrapolate 

anthropometric measures collected on young adults to the 

elderly is prone to criticism as physical characteristics and 

BC change significantly during life [157]. 

Height decreases with age in adults, mainly because 

of spinal shrinkage [158]. The rate of decline is 1-2 

cm/decade and more rapid at older ages [151]. The 

Baltimore Longitudinal Study of Aging showed that the 

degree of height loss would account for an "artificial" 

increase in BMI of approximately 1.4 kg/m² for men and 

2.6 kg/m2 for women by the age of 80 years [159]. This 

shows that height loss with aging must be taken into 

account when anthropometric indexes based on height 

(e.g. BMI, fat-free mass index, waist-height ratio) are 

used in BC studies [160]. 

Weight also changes during lifetime, but the pattern 

is different from that of height and varies by gender. 

Cross-sectional analyses of body weight suggest that 

mean body weight increases with age until late middle 

age, then stabilizes and decreases at older ages [161]. 

However, the decline appears to initiate at an earlier age 

interval for men (60-64 years) than for women (65-69 

years). Weight changes are the resultant of quantitative 

and qualitative changes in body compartments [162, 163]. 
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Body composition changes in middle age are mainly 

the resultant of an increase in adipose tissue. At the same 

time the lipid content of various tissues increases with 

aging. In old age weight loss results from a reduction of 

muscle, bone and organ mass which reflects the 

qualitative loss of mineral, protein and water content of 

the forenamed tissues [162, 164, 165]. In addition to the 

changes in whole body composition, adipose tissue is 

redistributed. As AT increases more pronouncedly in the 

abdominal region with advancing age, lipids also tend to 

be stored preferentially in internal compartments (e.g. in 

visceral and intermuscular AT) [166, 167]. It should be 

kept in mind that the latter is not reflected in 

anthropometric measurements of subcutaneous AT, since 

there is considerable between-subject variability in the 

relationship between subcutaneous AT and internal AT, 

particularly in men (Figure 2). 

Lean body tissue is replaced by AT in aging, while a 

redistribution of AT between and within body regions 

occurs. In the light of the above-mentioned changes in BC 

it is obvious that simple anthropometric variables, for 

example BMI, WC and WHR which are being used as 

surrogates for overall and/or regional adiposity, cannot 

represent the same BC compartments in young and old 

persons. 

It has become almost superfluous to stress that BC 

differs significantly between genders from puberty to old 

age, males having greater muscle and bone mass and 

lower AT mass compared to women [56, 60, 73, 121, 169-

172]. The observed whole BC differences are 

complemented by major differences in regional tissue 

distribution which are less obvious (Figures 3-4). 

 

 

 
 
Figure 3. Sex differences in tissue composition (kg) in weight and age-matched elderly men and women.  

*P<0.05, **P<0.01, ***P<0.001 (adapted from Scafoglieri et al. [60]) 

 

 

 

Before menopause women tend to store AT in the 

subcutaneous compartment, whereas after menopause 

they exhibit a more android fat distribution as seen in 

males. Despite the fact that women have more AT 

compared to men, a larger proportion is stored 

subcutaneously and in the limbs. There is evidence that 

catecholamine mediated leg free fatty acid (FFA) release 

is lower in women than in men, whereas FFA release from 

the upper body depots is comparable [173]. Moreover, 
FFA release by the upper body subcutaneous AT depots 

is higher in men than in women, indicating a higher 

resistance to the antilipolytic effect of meal ingestion in 

the upper body AT depots in men. Furthermore, a time-

delay exists concerning the internalization (i.e. the 

preferential accumulation of lipids in the deep AT 

compartments) as opposed to storing fat in the 

subcutaneous AT compartment of AT that persists in old 

age [174]. Therefore it has been suggested that ageing 

women exhibit a lower cardiovascular risk compared to 

ageing men [175]. 
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Figure 4. Sex differences in regional AT composition (as a percentage of total AT) in weight and age-

matched elderly men and women. *P<0.05, **P<0.01 (adapted from Scafoglieri et al. [60]) 

 

 

 

 

3.1.2. Physical activity 

 

One of the most important confounding factors 

profoundly influencing the relationship between obesity 

and mortality is physical activity [15]. In fact, it has been 

shown that the mortality risk associated with obesity is 

offset when cardiovascular fitness is taken into account 

[16, 17]. Physical activity attenuates quantitative and 

qualitative BC changes with aging. Firstly, exercise 

promotes the mobilization of lipids (triglycerols) from 

adipose and muscle tissue preventing hyperplasia and/or 

hypertrophy of AT and excessive storage of lipids in 

ectopic sites such as in the liver and muscles, which are 

deleterious to health [176]. For example, recent evidence 

suggests that physical activity may either prevent or 

reduce the age-related gain in VAT [177]. Also, visceral 

adipocytes are more sensitive than subcutaneous 

adipocytes to lipolytic stimulation [178]. In this context it 

has been pointed out that higher activity or fitness 

attenuates the health risks of obesity [179]. Moreover, 

active obese individuals have lower morbidity and 

mortality than normal weight individuals who are 

sedentary [180]. Therefore, it has been suggested that 

using adiposity to assess mortality risk may be misleading 

unless fitness is considered [18]. 

Secondly, it has been shown that regular physical 

activity preserves protein content of muscle conditional to 

an abundant amino acid supply and mineral content of 

bone tissue, counteracting the increasing risk of disability 

and fracture in old age [181]. Furthermore, by contracting 

the skeletal muscle releases "myokines" in a dose-

response related manner, influencing both the immune 

system and AT metabolism. As a result, physically active 

people have lower cardiovascular risk and lower 

circulating inflammatory markers [182]. 

All the above suggests that physical activity modifies 

the relationship between anthropometry, BC and health 

risk [18, 183, 184]. 

 

3.1.3. Ethnicity 

 

It is well known that BC is influenced by ethnicity [185]. 

Compared to white and black people, Asians have higher 

whole body and visceral adiposity with similar BMI 

[186]. Therefore it is suggested that Asians are subjected 

to a higher cardiovascular risk compared to other races of 

similar BMI [187]. 

It has been shown that black people have significantly 

higher amounts of bone and lean mass compared to other 

ethnic groups [188, 189]. Evidence also suggests that the 

former are at decreased relative osteoporosis and 

osteoporotic fracture risk. 

 

 

3.1.4. Genetics 

 

Although it is estimated that more than 300 genes may 

intervene in obesity, only a few are directly involved in 
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the aetiology of obesity [190]. The Québec Family Study 

and the Heritage Family Study have provided evidence for 

a genetic effect on abdominal AT (total, subcutaneous and 

visceral) levels [191, 192]. In both studies a major gene 

effect was found for VAT, but the effect disappeared after 

adjustment for total AT mass [193]. This suggests that 

there are shared familial determinants for total and 

visceral AT mass. For all measures of abdominal AT there 

are consistent heritabilities of 25% to 70% [190]. Several 

markers in genomic scans have shown linkages with 

abdominal AT, in particular with subcutaneous AT [194, 

195]. For example, it has recently been shown that after 

adjustment for age and sex, carriers of the rare allele 

rs11680012 in the LRRFIP1 gene have ~30% more 

abdominal adiposity and 75% higher C-reactive protein 

levels than carriers of the common allele [196]. Therefore, 

it has been suggested that genetic variation contributes to 

the aetiology of obesity and increased cardiovascular risk 

[197]. 

In summary, anthropometric variables including 

simple indexes, circumferences but also skinfolds are 

likely to relate differently to quantitative and qualitative 

BC aspects during lifetime. Their association with BC is 

influenced by modifiable and non-modifiable factors. The 

results presented in this work are therefore only 

appropriate for age, gender, physical activity and 

ethnicity-matched groups and should not be extrapolated 

to other groups. 

 

3.2. Using anthropometry in individuals 
 

As discussed above a number of intrinsic limitations are 

common to the use of anthropometry in all age groups. 

These include the interpretation of anthropometric 

variables with regard to the changes in BC, but the 

measurement error should not be ignored either [199]. In 

clinical practice it is important to ascertain that BC indices 

are subject to intra- and inter-observer variability [200]. 

In general, the reliability of weight-height indexes (e.g. 

BMI) is greater than that for circumferences, whose 

reliability in turn is greater than for skinfold 

measurements and bone breadths [201-204]. It has been 

shown that reliability of skinfold measurement decreases 

linearly with skinfold thickness corresponding to a 

coefficient of variation of 13-19 per cent [205]. When 

used in prediction equations inter-observer differences 

may lead to mean errors ranging from 3% to 24% for 

regional BC [206]. 

The interpretation of anthropometric variables with 

regard to BC is affected by inter-individual variability in 

tissue composition. In anthropometry it is commonly 
assumed that the tissues included in the measurement are 

in a ‘standard’ state [207]. If these conditions are not met, 

interpretation of the data may be invalid. For example, 

body circumferences may be affected by oedema. Since 

extracellular fluid cannot be measured with 

anthropometry, circumferences should not be used for BC 

assessment in persons with visible signs of limb swelling 

or ascites. Furthermore, it is recognized that tension of the 

abdominal wall influences the accuracy of WC 

measurement [208]. Some overweight or obese persons 

may present significant laxity of the anterior abdominal 

wall. This condition is accompanied by movement of the 

small intestine and transverse colon to the lower vertebral 

levels during standing. Consequently, muscle weakness of 

the anterior abdominal wall increases waist 

circumference. 

Skinfold thicknesses are affected by the 

compressibility of SAT, which varies by site, age and sex 

[135]. The variations in compressibility reflect 

differences in fluid content, connective tissue content and 

skin thickness. Although skinfolds are less affected by 

water content than circumferences because caliper 

pressure reduces the fluid content of the SAT, inter-

individual differences in skinfold compressibility may 

increase measurement error of skinfold thicknesses [207]. 

Finally, it has been shown that skin thickness may 

represent between 1/10th and 1/3rd of the total skinfold 

reading [135]. Since skinfold sites may represent different 

proportions of skin between subjects, this may also lead 

to errors in estimating the underlying SAT. 

As a result of between-observer measurement error 

and between-subject variability in tissue composition, 

misclassification may occur [58, 209]. Despite the fact 

that standardization of circumference and skinfold 

assessment may decrease the measurement error, 

inaccuracies due to inter-individual differences in tissue 

composition cannot be solved [67]. However, 

misclassification of individuals based on simple 

anthropometric indexes, such as BMI or WC, may be 

limited using a combination of AT distribution 

measurements and/or by interpreting results in 

combination with metabolic risk factors [151, 210, 211]. 

In summary, evidence suggests that anthropometry might 

be useful in clinical practice as a screening tool for health 

risk assessment, especially if regional tissue distribution 

can be measured accurately and provided that results are 

applied to the appropriate populations. 

 

4. Concluding remarks and future research 

suggestions 

 
Today, BC assessment is routinely carried out in clinical 

settings. Anthropometry is used in the evaluation of 
growth, aging, physical performance and health risk 

assessment. Whether it is the study of childhood or adult 
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obesity, weight gain or loss, or metabolic function or 

disease, understanding which components of BC 

contribute to clinical relevancy or performance is of 

paramount importance. Observations that regional 

accumulation or depletion of AT or fat are indicative for 

an increased risk of chronic disease and that wasting of 

muscle or lean tissue is linked to loss of mobility have 

prompted an advance in the use of methods to assess 

regional BC in humans [212]. The search of a practical 

tool to accurately assess regional BC is an ongoing 

process that is constantly triggered by the development of 

new methodologies. 

Anthropometric equations might prove useful in 

quantifying regional lean and fat from young to middle-

age or in screening for abnormal fat distribution. Since 

these equations are only valid for similar populations as 

the ones they were developed and validated on they 

cannot be generalized. 

Clinicians should be on the alert for potential errors 

and threats associated to the use of readily available 

techniques and/or methodologies for BC assessment in 

elderly persons. They confirm earlier observations that 

accurate quantification of deep compartments using 

anthropometry is delicate because of important 

interindividual variability in tissue distribution (e.g. 

intermuscular AT). On the other hand, these findings also 

highlight the need for developing valid practical 

alternatives to assess regional BC in elderly persons. 

It has been demonstrated that the search for an 

accurate and practical method to quantify tissue 

distribution in the elderly presents an important challenge. 

Prediction equations for regional tissue distribution in the 

elderly may be established in a similar way as the ones 

presented in this review for other groups. However, there 

are indications that achieving a high accuracy for 

predicting BC components using anthropometry in elderly 

persons is more difficult compared to young subjects. 

Therefore it should also be investigated whether a 

combination of anthropometry and other accepted field 

methods (e.g. segmental bio-electrical impedance 

analysis, ultrasound) can improve the prediction of tissue 

distribution. This might possibly be achieved by 

incorporating ‘raw’ (i.e. manufacturer independent) 

measures in the anthropometric prediction equations. 

Finally, it is suggested to develop and cross-validate 

regional prediction equations using other criterion 

methods than DXA (e.g. MRI) as it remains unclear 

whether DXA is an appropriate tool for assess 

metabolically different compartments. In addition, new 

technologies in the field of BC, such as the recent 

development of quantitative MRI, may add significant 
knowledge in search of a practical tool for regional BC 

assessment [213]. 
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