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Introduction

• Anthropometry is the scientific study of the human 

body.

• It is the measure of proportions and physical 

dimensions of the body.

– E.g. body size and shape

• Anthropometry plays a role in industrial design, 

the design of clothing and ergonomics.



Question

• In Nutritional Science and Dietetics why are we 

interested in anthropometry and body 

composition?



Reasons for Measuring Body Size and 

Composition

• Growth and development

• Obesity 

• Wasting



Examples of different individuals with the 

same body weight (different height, waist 

circumference and skeletal muscle mass)



Question

• Which body compartments can we look at and 

assess?



Body Composition 

Compartments

• There are different 

compartment models for 

body composition.

• E.g. fat free mass (FFM) 

and fat mass (FM) – 2 

compartment model etc.

• We can also look at skeletal 

muscle mass specifically.



Body Composition & Compartment Models

• Basic 2-compartment model (FM and FFM) 

and 5-compartment model of body 

composition. From Ellis, 2000.
•Body Cell Mass (BCM) relates to the 

healthy cellular protein containing tissue, 

i.e. muscle and organ mass (minus fat, 

ECW and bone mineral).

•Skeletal Muscle 

Mass (SMM) –

functional 

compartment 

involved in 

locomotion and 

physical function.



Question 

• Which techniques can we use to measure body 

size and the different body compartments?



Examples of Methods

• Body mass index 

• Body circumferences (e.g. waist, limbs)

• Skin fold thickness (using callipers)

• Scanning and imaging techniques (e.g. DEXA, 

CT, MRI)

• Bioelectrical impedance assessment (BIA)



MEDC0037 Assessment

• Next week you will have full details of the 

Anthropometry and Body Composition Practical 

Report.

• You will be analysing data on BMI, body fat (by 

skin fold callipers and BIA), body circumferences 

(e.g. mid upper arm) and other information e.g. 

hand grip strength (HGS).



Body Mass Index

• BMI or the 

Quetelet index is 

defined as 

weight/height2

(kg/m2).

• Typically used to 

measure presence 

of obesity and 

under-malnutrition



BMI and Disease Risk

• With increasing BMI there is increased fat mass and risk of 

disease e.g. CVD.

Lancet 2004; 363: 157–63



BMI and Mortality

• Most studies show a J 

shaped curve 

relationship with BMI 

and mortality.

• E.g. recent UK study in 

3.6 million adults aged 

40 years at baseline.
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From: Bhaskaran et al, 2018



From: Bhaskaran et al, 2018

https://www.thelancet.com/action/showPdf?pii=S2213-

8587%2818%2930288-2

15



• Association between 
age and BMI on 
mortality.

• 62,116 men and 
262,019 women.

• Never smoked and 
no history of heart 
disease, stroke or 
cancer at base line.

• No history of 
unintentional weight 
loss. 16

BMI Paradox



• At 30-44 and 45-

54 years there is 

a strong 

relationship 

between BMI 

and relative risk 

of death.

• This disappears 

in very old age, 

e.g. > 85 years. 17

Stevens et al. 1998

Relative risk of death 

from all cause and CVD 

in group



The relationship between BMI and mortality in men (n=7604) and women 

(n=9107) over 65 years of age from Norway. (note lowest mortality in the 

overweight BMI range)

Ref: Kvamme et al, 2011
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• There is a 
question as to 
whether there 
should be a 
different scale 
for the elderly 
to indicate 
malnutrition?

• Beck and 
Ovesen in 
1998 
published this.

• <24 kg/m2 to 
indicate risk.

19

BMI Scale for Elderly Indicating Malnutrition Risk



BMI Issues

• BMI as a measure of disease risk - This is not so 

straight forward when you consider certain 

populations such as older people, CKD and heart 

failure etc.

• Also, in athletic populations a person may have a 

high muscle mass and high BMI but have low 

body fat and reduced disease risk.

• Another issue is sarcopenic obesity or hidden 

malnutrition in specific disease states.



BMI in Athletes

• Athletes who 

are more 

muscular will 

have a higher 

BMI!

• E.g. 72% 

misdiagnosed 

as obese in 

this study of 

173 athletes!



• Note –

prevalence of 

sarcopenic 

obesity via use of 

CT scans.

22



Sarcopenic Obesity

• Sarcopenic obesity is another major problem 

whereby people have a high level of body fat/BMI 

but reduced muscle mass and/or strength.

• Linked to poor clinical outcomes.

• Also, in diseases such as cancer.



Sarcopenic Obesity & Clinical Outcomes
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Sarcopenic Obesity & Clinical Outcomes

• Greater risks of chemotherapy dose limiting 

toxicity

25



Measuring Lean Body Mass/Fat Free Mass

• Many different techniques to measure lean tissue 

mass. Note that remember skeletal muscle mass 

is a component of lean mass.

• Important in the assessment of disease related 

malnutrition and wasting/cachexia.



Total Body Potassium Counting

• Total body potassium 

counting measures 

naturally occurring 40K 

gamma radiation 

signals.

• Based on principle that 
40K makes up 0.0118% 

of total potassium.

DAPA Measurement Toolkit (mrc.ac.uk)

https://dapa-toolkit.mrc.ac.uk/anthropometry/objective-methods/whole-body-counting-of-total-body-potassium


From: Wang et al, 2004. Am J Physiol Endocrinol Metab 286: 

E123–E128.

• Body cell mass (BCM) can 

be measured using a gold 

standard technique such 

as total body potassium 

counting. 

• i.e. the relationship 

between functional cells 

and potassium/K+ content 

(high K+ intracellular, low 

Na+) etc. 

• This technique is rarely 

used now as it is difficult, 

cumbersome, expensive 

and lack of facilities.





Kotler et al, 1989 – showed using total body potassium measurement in AIDS

patients a correlation with loss of BCM and death. 2nd Figure shows

comparison of BCM line and above is % of Ideal Body Weight (IBW).



40% loss of lean mass = high risk of death

• Classical studies 

such as Kotler et al, 

showed that losses 

of ~ 40% lean mass 

results in extremely 

high risk 

of/imminent death.

Landi et al, Clinical Nutrition, article in press



Sarcopenia 

on clinical 

outcomes

• End result is 

muscle loss 

and loss of 

strength 

associated 

with 

increased 

mortality.



Mid Arm Muscle Circumference and Mortality

• Landi et al 

showed that 

lowest tertiles of 

mid arm muscle 

circumference 

(MAMC) are 

associated with 

reduced survival 

in 357 Italian 

people over 80 

years of age.



Mid Upper Arm Anthropometry

• For example, we can use 

measurements of the upper arm 

(circumference and tricep skinfold 

thickness) to estimate BMI, muscle 

mass and fat mass.

– Mid arm muscle circumference (MUAMC)

– Arm muscle area (AMA)

• Compare to published reference 

values for age and sex etc.

• Low cost, portable and non-invasive 

approach but requires training 

experience etc.



DEXA Scans for the Assessment 

of FFM and Muscle Mass

• DEXA is a reference standard 

technique for bone mass, FFM 

and FM.

• It is also estimate total or 

appendicular muscle mass/lean 

mass.

• E.g. sum of the 4 limbs.

• This has become a reference-

standard technique for 

measurement of muscle mass for 

cachexia and sarcopenia

diagnosis.

Limb 

lean 

mass



Muscle mass and 

age relationship

• There is a 

relationship that as 

we age we lose 

muscle mass.

• However, there is 

also variation in 

muscle mass/fat 

mass with ethnicity.

Mitchell et al. Frontiers in Physiology.2012; 3;260.



DEXA for Fat Mass Patterning and 

Distribution

• DEXA can 

also be used 

for estimating 

fat mass.

• E.g. patterns 

and 

distribution



Bioelectrical Impedance Assessment (BIA)

• BIA is a relatively 

cheap and portable 

assessment technique.



Bioelectrical Impedance Assessment (BIA)

From: Kyle et al, 2004. Clinical Nutrition. 

23, 1226–1243

• A small harmless current is passed 

through the body and impedance 

(Z) in ohms is measured. 

• Hydrated tissues conduct electricity 

and fat mass acts as an insulator./

• BIA principles assume the body to 

be like a cylinder e.g. trunk and 

limbs with length and cross 

sectional area.

• Resistance (R) relates to the length 

of conductor and CSA.

• Therefore, lean body mass/fat free 

mass (73% water) relates to 

Height2/R 



Bioelectrical Impedance Assessment (BIA)

• There are two components to Z, 

resistance (R) and reactance (Xc).

• R is related to the amount of water 

present in tissues.

• Xc by contrast reflects the 

capacitive losses caused by cell 

membranes.

• Standard technique for single and 

multi-frequency BIA is placement of 

electrodes in hands and feet. 

From: Kyle et al, 2004. Clinical Nutrition. 

23, 1226–1243



Considerations - Ageing

• The assumptions behind BIA are that the body (limbs and 

trunk) can be considered as a single conductive cylinder, 

and the relationship between the main cross-sectional 

areas remains the same.

• This model changes with ageing, however, because older 

people experience a gradual reduction in the 

crosssectional area of their limbs and a concomitant 

increase in that of their trunk.

• Therefore, we need to specifically validate BIA equations 

for different population groups such as older people.



Validation of BIA equations 

e.g. Appendicular Skeletal 

Muscle

Sergi et al, 2015. Clinical Nutrition 34: 667-

673.

• Equations that have been 

developed can be compared 

against reference standard 

techniques such as DEXA.

• Bland Altman analysis can be 

performed.

• E.g. in example here of 

estimating appendicular skeletal 

muscle mass (ASMM) in older 

Caucasian people. 



• Example here is development of 

equation in 388 multiethnic

participants, ages 18-86 years in 

two different laboratories.

• They compared equation with MRI 

as gold standard technique.

• Note the equation only uses 

resistive index Ht2/R.

• See correlation and Bland Altman. 

From: Janssen et al, 2000. J Appl Physiol 89: 

465–471, 

Validation of BIA Equations

e.g. Total Skeletal Muscle Mass



BIA: Raw Impedance Data Assessment

From: Piccoli and Pastori, 2002

• However, there are some 

issues with use of BIA 

estimation equations.

• Depends on population group 

etc.

• Depends on hydration status 

and errors with estimation of 

body compartments.

• Other methods used includes 

analysis of raw impedance 

data, resistance (R) and 

reactance (Xc).
– E.g. BIA Vector Analysis (BIVA)

– Phase angle assessment Xc/R 

ratio







BIVA in Frail 

Older People

• Key 

characteristics 

include lower 

Xc/H indicating 

reduced BCM 

compartment.



BIA Phase 

Angle

• The BIA phase 

angle (PA) is 

the arc tangent: 

(Xc/R) x 180/π. 

• It has been 

studied in 

research as a 

prognostic 

marker.

Norman et al, 2012. Clinical Nutrition 31: 854-861



BIA and Muscle Strength (Knee Extensor)

• Knee 

extensor 

strength 

versus L2/Z 

for single 

and multi-

frequency 

BIA.

Yamada et al, 2013. J Appl Physiol 115: 812–818, 

In 405 older adults



BIA and Muscle Strength (Hand Grip)

• Knee 

extensor 

strength 

versus L2/Z 

for single 

and multi-

frequency 

BIA.

Yamada et al, 2013. J Appl Physiol 115: 812–818, 

In 405 older adults



Hand Grip Strength (HGS)

• Marker of physical 

function and 

nutritional status.

• Key measurement 

for sarcopenia and 

frailty.

• Correlates with 

malnutrition risk for 

example.



Considerations with HGS

• Very useful technique.

• However, note that muscle 

strength does not always 

correlate well with muscle mass. 

– Also depends on technique used for 

muscle mass.

• During ageing, disease and 

physical inactivity the mass of 

tissue can stay the same but 

have infiltration of fatty and 

fibrotic tissue.

• Further, neuromuscular 

activation patterns alter, e.g. 

motorneurones.
Legrand et al, 2013. Archives of Gerontology and 

Geriatrics 5. 345-351.



Effects of Intermuscular Adipose 

Tissue (IMAT) on Mobility and Function 

From: Addison et al, 2014

• Example depicted is 

of two women with 

similar:

– Age

– BMI

– Levels of lean mass

• BUT, very different 

levels of IMAT, 

mobility and muscle 

function.

MRI Images



HGS and Obesity

• Data from 8,441 men and women 

(European Prospective 

Investigation into Cancer-Norfolk 

study) aged 48-92 years.

• HGS increases with BMI as 

increase in weight is both FM and 

FFM/muscle.

• However, within BMI tertile those 

with higher WC have lower HGS.

From: Keevil et al, 2015. J Nutr Health Aging: 19,1.



MRI Scans

• Cross-sectional 

images have been 

used to identify 

visceral obesity and 

poor muscle quality 

etc.

• E.g. Infiltration of fat 

in muscle, 

intermuscular fat 

(IMAT).

• IMAT is defined is any 

fat in between muscle 

fibers and within 

muscle. 

From: Song et al, 

2004 



MRI Application –

HIV 

Lipodystrophy

Bickel et al, 2007. HIV Medicine, 8, 413–419

Subcutaneous fat 

lipoatrophy

Visceral fat 

accumulation



Advantages and Disadvantages of Different 

Techniques (Deutz et al, 2019)



CALF CIRCUMFERENCE



Calf Circumference Measurement

• Good marker of malnutrition.

• Used as part of the Mini Nutritional Assessment 

(MNA)

• Less prone to fat infiltration deposits as opposed 

to say the thigh muscles for example.

– i.e. fat infiltration increases with age and physical 

inactivity etc.

• New research shows good correlations with 

muscle mass in all ages.



Calf Circumference Measurement

• Different methods 

in research have 

used lying, sitting 

and standing.



• CC compared with 

muscle mass from 

MRI (gold-standard 

technique).

• 124 older men 

(>60 years of age).

• Good correlation 

found.



Calf circumference and muscle mass by MRI



CC and low 

muscle mass

Kawakami et al, 2020. Geriatr Gerontol Int ; 20:943-950.

• Different groups 

have tried to 

determine CC cut 

off points for low 

muscle mass.

• E.g. study in 1249 

Asian adults using 

BIA and DEXA.



Prediction Equation for Appendicular Skeletal 

Muscle Mass using Calf Circumference

• Study data from US National 

Health and Nutrition 

Examination Survey 

(NHANES). 

• 15,293 adult surveyed 1999-

2006.

• Additionally, using DEXA as 

the reference method for 

estimating Appendicular 

Skeletal Muscle (ASM).

• Developed equation using 

CC, gender, age and race.



Prediction 

Equations

• Development of a 

prediction equation 

for skeletal muscle 

mass using weight, 

height, waist 

circumference and 

age.



Resources

• https://dapa-toolkit.mrc.ac.uk


