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,-----------------------------------------------------------------------------: 
In the modern era, health profcssionab including scientists. health \\Orkers and 

researchers from different disciplines are focusing on body composition in the 

area of assessments. physiology. psychology. nutrition, de. These valuable 

information garnered from research. and clinical practices is becoming an 

important factor in determining obesity such as formulation of an exercise 

programme and diet regiment. psychological protiles based on body image, 

nutritional status. functional capacity and risk for chronic diseases. Body 

composition is necessary for an indi\ idual to maintain proper work capacity. 

muscular strength. and the ability to perform daily tasks such as \\alking and 

lifting. Negative changes in body composition can lead to decline in physical 

performance capabilities of the indi\ idual. Currently there are number of 

indirect ways to assess body composition such as dual energy x-ray 

absorptiometry ( DEXA), under \\ ater weighing. body mass index ( BMI ). \\ aist 

hip ratio ( WH R). bioelectric impedance ( BIA). skin fold measurement. 

circumference and girth measurements. These methods differ in accuracy and 

precision. Body composition is also affected by factors like hydration. This 

chapter focuses on the components of body composition and the \ arious body 

composition techniques. In addition. it discusses the effects of hydration status 

on body composition. 

Body Composition 

The interest in exploring assessment of body composition was started long back by 

Archimedes. though most of the data a\ ailable on body composition was completed in 

the last forty years. The research related to assessment of body composition gained 

momentum after the 1963 anthropometric measurement symposium in Illinois. USA. The 

recent interest in personal health. nutritional status and titness has been the cause for 

several studies to be conducted on the development of the most accurate methods to 

measure body composition. This research has given rise to many accurate and convenient 

methods to measure body composition which can be used in clinicaL research, rural and 

urban settings. Although. there is no direct method of body composition assessment but 

there are many indirect methods such as Under Water Weighing (UWW). Body Mass 
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Index (BMI), Waist Hip Ratio (WHR), Bioelectric Impedance (BIA). skinfold (SKF) 

measurement, circumference and girth measurements. 

2 Body Composition Models and Techniques to Measure Body Composition 

Measurement of body composition has evolved from a single unit of weight measurement 

to multi-compartments model that includes water, protein, mineral and fat ( Balasekaran, 

2003). The first model is a single compartment model that includes measurement of body 

weight. Although, weight alone does not give an accurate indication about body 

composition, it was popular in categorising level of obesity in adults. The two 

compartment model divides the body composition into two compartments; Fat mass (FM) 

and fat free mass (FFM; Wang eta/., 2005). 

This model is the basis of most classical body composition techniques such as total 

body water (TBW), total body potassium (TBK). and UWW. Previously. UWW was 

considered as the 'gold standard' in measurement of body composition but this method 

had many technical problems (Going. 2005). It has a limitation of detecting differences 

between muscle and bone as it is based on the three assumptions. that fat free mass and 

its density is stable among individuals. fat mass and its density is similar among 

individuals and reference man is a good estimate of body composition for all populations. 

Because of these limitations. UWW technique may hamper its ability to detect these 

differences between various ethnicity groups, such as Kenyans and Asians. or Kenyans • 

and Caucasians ( Balasekaran. 2003 ). 

Additionally, UWW is also difficult for children. handicapped, and other special 

populations such as obese, older adults to be submerged with the whole body under 

water. Additionally. studies have shown limitations in its applicability in body 

composition assessment especially when applied across a wide range of age without 

adjustments for the changes that occur with growth and maturation and aging (Going, 

2005). 

Measurement of SKF is relatively easy but this technique does not accurately 

measure the changes in FFM and may underestimate the loss of FFM due to weight loss 

(Mayo eta/., 2003 ). SKF method may be affected by oedema because when the calliper 

is applied to the fold and pressure is applied by the calliper. it will displace some of its 

fluid. In anthropometry, at times, if tissues are not in standard state. measurements may 

be affected. In case of different ethnicities, this method is also not appropriate because 

various ethnicities ditter from each other in terms of subcutaneous adipose tissue amount, 

body density, and the amount of FFM in the body. 

SKF equations are also not ethnic specific and are likely to perform poorly when 

applied to ethnic groups other than those from which they are derived. The three 

compartment model divides the body into fat. water and protein and minerals (Wang et 

a/., 2005). Firstly. TBW is measured and removed from its contributor, total body density 

(Db), so that, Db including protein. fat and minerals can be calculated (Wang et a/., 

2005). 

The four compartment model consists of bone mineral density ( BMD; Dual Energy 

X- Ray Absorptiometry; DEXA) along with the three compartment model (TBW) to 



eliminate the errors related to individual differences in the bone (Wang eta/., 2005). The 

body mass (BM) is BM = FM + TBW +bone mass (Mo) +residuals (includes protein. 

soft tissues such as minerals and glycogen) (Wang eta/ .. 2005). Currently, DEXA has 

been considered as the 'gold standard' and as an armamentarium in soft tissue 

particularly fat mass and lean muscle mass measurements. Additionally. validity of 

DEXA has also been increased not only in regional and whole body soft tissue 

estimations but also for bone mineral content and density measurements (Hansen eta/ .. 

1993). 

Hansen et al ( 1993) selected four methods ( DEXA. SKF measurement, BMl and 

BIA) to measure fat percentage (fat%) in a homogenous sample of pre-menopausal 

women and compared the data with UWW as a reference method. The measured sample 

had a mean fat% of 29.7± 6.8% by DEXA and 29.9 +/- 5.8% measured by UWW. 

Standard error of estimate (SEE) of fat 0/r, estimation for DEXA. SKF, BMI and BIA from 

UWW were 2.4% (r = 0.91 ). 3.0%. 3.3% and 2.9%, respectively. The SEE values were 

higher for all techniques except DEXA. DEXA determined the corrected body density 

with a lower standard error (0.0040 \S. 0.0053 g•ml" 1
). DEXA is a precise method and it 

correlated highly with fat-free body weight and fat% from UWW in homogeneous female 

participants. 

3 Components of Body Composition: Fat Mass, Muscle Mass, Bone Mass 

Every component of body composition has its own importance. The absolute amount of 

fat termed as FM that includes all extractable lipids and adipose tissues (Heyward & 

Wagner, 2004 ). Body fat% ( %BF) depends on the types and the level of participation in 

physical activities. Individuals engaged in elite sports which is dynamic and utilises more 

muscle mass tend to have lesser %BF ( Balasekearan, 2003 ). 

Owrweight and obese individuals who fall at the extreme of fatness continuum are 

highly prone for coronary heart disease. type two diabetes and types of cancer. etc. 

(Heyward & Wagner. 2004). The preferred methods for identifying extra body fat are 

high BM! and high waist hip ratio (WHR) which indicates increased obesity and a risk 

for coronary heart disease. 

Muscle mass is an important component of body composition. Three different types 

of muscle. cardiac, skeletal and smooth, represent 30-40% approximately of total body 

weight of a healthy men or women (Lukaski. 2005). Measurement of muscle mass is also 

important to monitor the changes in growth and development of infants and children and 

also to establish the normative data for clinical investigations. Muscle mass has its 

importance in enhancing performance. power and strength especially in athletes. Because 

the performance is related to implications. coaches, parents. researchers, exercises 

scientists. sports medicine specialists. and of course. the athletes themselves have an 

interest in body composition (Heyward & Wagner. 2004 ). 

Anthropometric measurements of muscle mass (based on an assumption that the site 

specific physical measurement will be the representative of whole body skeletal muscle 

mass) are upper arm circumference. and leg circumference. etc. However. these are uni

dimensional analysis. Additionally. these measurements may not be sensitive in 
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measuring the small changes in muscle mass due to weight loss. Thus. other techniques 

such as DEXA. CT and magnetic resonance imaging ( MRl) were used to measure 

accurate muscle mass along ,,·ith other components of body composition ( Lukaski, 2005 ). 

BMD is an important factor in osteoporosis. Osteoporosis is a serious health hazard 

all over the world. It causes softening and weakening of the bone leading to an eventual 

loss of bone mass that may lead to increase in risk of fractures. The main cause for such 

fractures is decreased bone mass and bone mineral content. Women are more prone than 

men to such fractures especially during the post menopausal phase due to the depletion of 

the hormone estrogen to lower levels leading to the eventual reduction in BMD (Riggs et 

a!.. 1998). BMD at any time of life span is dependent upon bone gained during early 

years of growth and bone loss with increasing age towards the later years. Studies on 

preventive strategies for loss of BMD have observed that performing physical activities 

in growing years can prevent bone loss in later years of life (Karlsson. 2002 ). 

Some studies have shown that maximising peak bone density to one's full genetic 

potential during early years of growth is a good way to prevent or delay the onset of 

osteoporosis (Karlsson, 2002 ). Muscle mass and FM arc important predictors of bone 

mass. Cui et a/. (2007) indicated that muscle mass is important predictor in pre

menopausal women while FM is the important predictor in post menopausal women of 

South Korea. Some studies shows that the muscle mass is the only determinant of total 

body BMD whereas. body FM is a negligible BMD determinant (Douchi eta/ .. 2003). 

Douchi ct a/. (2003) study indicated a positive correlation between muscle mass and 

BMD (r = 0.545. P < 0.0001 ). Sun ct a/. (2004) observed pre-menopausal women among 

African- American. Asian American. and European American and post menopausal 

European American women to have a strong positive relation between total BMD and 

total appendicular muscle mass (r = 0.925; P = 0.001) but had a negative relation in post 

menopausal African American (r = -0.013; P = 0.021) and post menopausal Asian

American women (r = -0.0 19; P = 0.087). These studies show that the components of 

body composition are inter-related. 

4 Relation of Hydration Status with Body Composition 

There is a strong correlation between body composition and hydration status of the body. 

Variability in TBW is primarily due to differences in body composition, as FFM (73% of 

total body mass) and FM (I 0% of total body mass) contain different amount of water 

(Schoeller, 2005 ). 

According to the two compartment body composition model of FM and FFM. the 

lipids are hydrophobic and will not enter in FFM. Ratio of water within FFM is the same 

for all subjects and this constant has been re-evaluated many times on animals and human 

beings which confirm the constant to be 0.73 (Schoeller. 2005). Neither age nor ethnicity 

can affect the FFM water quantity. But this assumption is incorrect in dehydrated 

individuals or individuals with abnormal water metabolism leading to oedema (Schoeller, 

2005). 

A decrease of this constant below 0.69, or above 0.77. is considered as not a stable 

physiological state and hence, inaccurate (Schoeller. 2005). A net tluid loss of as little as 



I% of body weight will increase plasma osmolality, and a 2% loss will negatively affect 

exercise performance (Bossingham et a/., 2005). A decrease of more than 20% is 

considered to be life threatening (Bossingham eta/., 2005). Thus. the constant may differ 

in different conditions. For example. in highly malnourished child with high protein 

depletion, it is reported to have an average hydration factor as high as 75% (Schoeller, 

2005). The constant also increases with increasing muscle mass. For example, 

bodybuilders with muscle hypertrophy have reported hydration factors that arc elevated 

by 2 to 3% (Schoeller. 2005) while other athletes such as long distance runners do not 

have the same kind of elevation (Penn eta!., 1994 ). 

The decrease in FFM negatively affects TBW and thus, a decrease or loss in muscle 

mass and bone mass. Trained athletes ha\ c relatively high TBW due to high muscle mass 

and low body fat. Additionally. muscle glycogen content affects TBW due to its high 

osmotic pressure within muscles (Olsson & Saltin. 1970). The athlete with glycogen 

loading may experience minimal increase in TBW. but this increase is not always 

revealed. 

5 Conclusion 

Each model of body composition consists of different components. These components 

are inter-related and can be measured by one or more techniques of body composition. 

However. none of the body composition techniques are error free. As the technique 

becomes more accurate, it turns out to be less accessible and costly. Based on the 

presented facts about the merits and de-merits of the \ arious techniques to measure body 

composition. researchers and clinicians will be able to make a thoughtful and careful 

decision in selecting a suitable measurement technique which suits their requirements. In 

addition, determination of hydration status is also important in body composition 

assessment. if not accuracy may be compromised. 
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