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Reading #8
Body Composition: assessment and Human variations
Introduction
This lecture discusses the gross composition of the human body and present the rationale underlying various direct and indirect methods to partition the body into two basic compartments, body fat and fat-free body mass. It also presents simple, non-invasive methods to analyze an individual’s body composition.

Americans consume more fat per capita than any other nation. They also consume more than 90% of the foods high in saturated fatty acids and processed, high-glycemic carbohydrates. A national preoccupation with food and effortless living causes more than 110 million men and women (and more than 10 to 12 million children and teenagers) to become “over fat” and in need of weight reduction. If these individuals consumed 600 fewer calories daily to reduce to a “normal” body fat level, the annual energy savings would equal the yearly residential electricity demands of Boston, Chicago, San Francisco, and Washington, DC, or the equivalent of more than 1.3 billion gallons of gasoline to fuel about 1 million autos for one year!
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Gross Composition of the Human Body

A full understanding of human body composition requires consideration of complex interrelationships among its chemical, structural, and anatomical components. Figure 1 displays a five-level, multicomponent model for quantifying body composition. Each level of the model becomes progressively more complex as biological organization increases (atoms ––> molecules ––> cells ––> tissue systems ––> whole body.) The model’s essential feature views each level as distinct, with measurable subdivisions which allows the researcher to focus on a particular aspect of body composition related to specific or general biological effects including changes in molecular, cellular, or tissue composition from body weight gain or loss, or from exercise training.

Analysis of body composition often focuses on tissue and whole body level, primarily because of methodological limitations. Due to marked sex differences in body composition components, a convenient framework for understanding body composition employs the concept of a reference man and reference woman developed by Dr. Behnke (Figure 2.)

Height-Weight Tables

Height-weight tables serve as statistical landmarks to commonly assess the extent of “overweightness.” They use the average ranges of body mass in relation to stature where men and women aged 25 to 59 years have the lowest mortality rate. Height-weight tables do not consider specific causes of death or quality of health before death. Different versions of the tables recommend different “desirable” weight ranges, with some considering frame-size, age, and sex. 

Reference Man and Reference Woman
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The reference man is taller by 10.2 cm and heavier by 13.3 kg than the reference woman, his skeleton weighs more (10.4 vs. 6.8 kg), and he possesses a larger muscle mass (31.3 vs. 20.4 kg) and lower total fat content (10.5 vs. 15.3 kg.) These differences exist even when expressing the amount of fat, muscle, and bone as a percentage of body mass. This holds particularly for body fat, which represents 15% of the reference man’s total body mass and 27% for females. The concept of reference standards does not mean that men and women should strive to achieve these body composition values, or that reference values actually represent “average.” Instead, the model provides a useful frame of reference for interpreting statistical comparisons of athletes, individuals involved in physical training programs, and the underweight and obese.

Essential and Storage Fat

According to the reference model, total body fat exists in two storage sites or depots: essential fat and storage fat.

Essential Fat

The essential fat depot (equivalent to approximately 3% of body mass) consists of fat stored in the marrow of bones, heart, lungs, liver, spleen, kidneys, intestines, muscles, and lipid-rich tissues of the central nervous system (brain and spinal cord.) Normal physiologic functioning requires this fat. In females, essential fat also includes additional sex-specific essential fat (equivalent to approximately 9% of body mass.) More than likely, this additional fat depot serves biologically important childbearing and other hormone-related functions. Essential body fat likely represents a biologically established limit, beyond which encroachment could impair health status as in prolonged semistarvation from famine, malnutrition, and disordered eating behaviors.

Storage Fat

In addition to essential fat depots, storage fat consists of fat accumulation in adipose tissue. Storage fat includes the visceral fatty tissues that protect the various internal organs within the thoracic and abdominal cavities from trauma, and the larger subcutaneous fat adipose tissue volume deposited beneath the skin's surface. Men and women have similar quantities of storage fat – approximately 12% of body mass in males and 15% in females. For the reference standards, this amounts to 8.4 kg for the reference and 8.5 kg for the reference woman.

Fat-Free Body Mass and Lean Body Mass

The terms fat-free body mass and lean body mass refer to specific entities: lean body mass (a theoretical entity) contains the small percentage of essential fat stores; in contrast, fat-free body mass represents the body mass devoid of all extractable fat. In normally hydrated, healthy male adults, the fat-free body mass and lean body mass differ only in terms of organ-related essential fat. Thus, lean body mass (LBM) calculations include the small quantity of essential fat, whereas fat-free body mass (FFM) computations exclude total body fat (FFM = Body mass – Fat mass.) Many researchers use the terms interchangeably; technically, however, the differences are subtle but real.

Minimal Body Mass

In contrast to the lower limit of body mass for the reference man which includes 3% essential fat, the lower body mass limit for females, termed minimal body mass includes about 12% essential fat (3% essential fat + 9% sex-specific essential fat.) Generally, the leanest women in the population do not have body fat levels below 10 to 12% of body mass, a value that probably represents the lower limit of fatness for most women in good health. The theoretical minimal body mass concept developed by Behnke, incorporating about 12% essential fat, corresponds to a man’s lean body mass with about 3% essential fat. Information from popular magazines and health clubs not withstanding, females cannot achieve the same low body fat content as males. Therefore, women should not expect to “sculpt” their bodies down below 12-17% body fat. Even world-class female body builders, triathletes, and gymnasts rarely have body fat levels below this amount.

Underweight and Thin

The terms underweight and thin are not necessarily synonymous. Measurements in our laboratories have focused on the structural characteristics of apparently “thin” looking females. Subjects were initially categorized subjectively as appearing thin or “skinny.” Each of the 26 women then underwent a thorough anthropometric evaluation that included skinfolds, circumferences, and bone diameters, and percent body fat and fat-free body mass from hydrostatic weighing. 

The results were unexpected because the women’s percent body fat averaged 18.2%, about 7 percentage points below the average 25 to 27% body fat typically reported for young adult women. Another striking finding included equivalence in four trunk and four extremity bone-diameter measurements among the 26 thin-appearing women, 174 women who averaged 25.6% fat, and 31 women who averaged 31.4% body fat. This meant that appearing thin or skinny did not necessarily correspond to a diminutive frame-size or an excessively low body fat content using lower limits of minimal body mass and essential body fat proposed in Behnke’s model.

Methods to Assess Body Size and Composition

Two general approaches determine the fat and fat-free components of the human body:

1. Direct measurement by chemical analysis

2. Indirect estimation by hydrostatic weighing, simple anthropometric measurements, and other simple procedures including height and weight

Direct Assessment

Two approaches directly assess body composition. In one technique, a chemical solution literally dissolves the body into its fat and non-fat (fat-free) components. The other technique requires physical dissection of fat, fat-free adipose tissue, muscle, and bone. Such analyses require extensive time, meticulous attention to detail, and specialized laboratory equipment, and pose ethical questions and legal problems in obtaining cadavers for research purposes.

Indirect Assessment

Many indirect procedures assess body composition including Archimedes’ principle (also known as underwater weighing.) This method computes percent body fat from body density (the ratio of body mass to body volume.) Other procedures use skinfold thickness and girth measurements, x-ray, total body electrical conductivity or impedance, near-infrared interactance, ultrasound, computed tomography, air plethysmography, magnetic resonance imaging, and dual energy x-ray absorptiometry.

Hydrostatic Weighing (Archimedes’ Principle)

The Greek mathematician and inventor Archimedes (287-212 BC) discovered a fundamental principle that is applied to evaluate human body composition. Here is a description of Archimedes’ findings:

“King Hieron of Syracuse suspected that his pure gold crown had been altered by substitution of silver for gold. The King directed Archimedes to devise a method for testing the crown for its gold content without dismantling it. Archimedes pondered over this problem for many weeks without succeeding, until one day, he stepped into a bath filled to the top with water and observed the overflow. He thought about this for a moment, and then, wild with joy, jumped from the bath and ran naked through the streets of Syracuse shouting, ‘Eureka! Eureka!’ I have discovered a way to solve the mystery of the King’s crown.”

Archimedes reasoned that gold must have a volume in proportion to its mass, and to measure the volume of an irregularly shaped object required submersion in water with collection of the overflow. Archimedes took lumps of gold and silver, each having the same mass as the crown, and submerged each in a container full of water. To his delight, he discovered the crown displaced more water than the lump of gold and less than the lump of silver. This could only mean the crown consisted of both silver and gold as the King suspected.

Essentially, Archimedes evaluated the specific gravity of the crown (i.e., the ratio of the crown's mass to the mass of an equal volume of water) compared with the specific gravities for gold and silver. Archimedes probably also reasoned that an object submerged or floating in water becomes buoyed up by a counterforce equaling the weight of the volume of water it displaces. This buoyant force helps to support an immersed object against the downward pull of gravity. Thus, an object is said to lose weight in water. Because the object’s loss of weight in water equals the weight of the volume of water it displaces, the specific gravity refers to the ratio of the weight of an object in air divided by its loss of weight in water. The loss of weight in water equals the weight in air minus the weight in water.

Specific gravity = Weight in air / Loss of weight in water

In practical terms, suppose a crown weighed 2.27 kg in air and 0.13 kg less (2.14 kg), when weighed underwater. Dividing the weight of the crown (2.27 kg) by its loss of weight in water (0.13 kg) results in a specific gravity of 17.5. Because this ratio differs considerably from the specific gravity of gold (19.3), we too can conclude: “Eureka, the crown must be fraudulent!”
The physical principle Archimedes discovered allows us to apply water submersion or hydrodensitometry to determine the body’s volume. Dividing a person's body mass by body volume yields body density (Density = Mass ÷ Volume), and from this an estimate of percent body fat.

Determining Body Density

For illustrative purposes, suppose a 50-kg woman weighs 2 kg when submerged in water. According to Archimedes’ principle, a 48-kg loss of weight in water equals the weight of the displaced water. The volume of water displaced can easily be computed because we know the density of water at any temperature. In the example, 48 kg of water equals 48 L, or 48,000 cm3 (1 g of water = 1 cm3 by volume at 39.2°F.) If the woman were measured at the cold-water temperature of 39.2°F, no density correction for water would be necessary. In practice, researchers use warmer water and apply the density value for water at the particular temperature. The body density of this person, computed as mass / volume, would be 50,000 g (50 kg) / 48,000 cm3, or 1.0417 g•cm-3.

Computing Percent Body Fat, Fat Mass (FM), and Fat-Free Mass (FFM)

The equation that incorporates whole body density to estimate the body's fat percentage derives from the following three premises:

Densities of fat mass (all extractable lipid from adipose and other body tissues) and fat-free mass (remaining lipid-free tissues and chemicals, including water) remain relatively constant (fat tissue = 0.90 g•cm-3; fat-free tissue = 1.10 g•cm-3), even with large variations in total body fat and the fat-free mass (FFM) components of bone and muscle. 

Densities for the components of the fat-free mass at a body temperature of 37°C remain constant within and among individuals: water, 0.9937 g•cm-3 (73.8% of FFM); mineral, 3.038 g•cm-3 (6.8% of FFM); protein, 1.340 g•cm-3 (19.4% of FFM.) 

The person measured differs from the reference body only in fat content (reference body assumed to possess 73.8% water, 19.4% protein, 6.8% mineral.)

The following equation, derived by Berkeley scientist Dr. William Siri, computes percent body fat from estimates of whole body density:

Siri Equation = [Percent body fat = 495 / Body density – 450]

The following example incorporates the body density value of 1.0417 g•cm-3 (determined for the woman in the previous example) in the Siri equation to estimate percent body fat: 

Percent body fat = 495 / Body density – 450

Percent body fat = 495 / 1.0417 – 450

Percent body fat = 25.2%
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The mass of body fat (FM) can be calculated by multiplying body mass by percent fat:

Fat mass (kg) = Body mass (kg) x [Percent fat ÷ 100]

Fat mass (kg) = 50 kg x 0.252

Fat mass (kg) = 12.6

Subtracting mass of fat from body mass yields fat-free body mass (FFM):

FFM (kg) = Body mass (kg) – Fat mass (kg)

FFM (kg) = 50 kg – 12.6 kg

FFM (kg) =  37.4

In this example, 25.2% or 12.6 kg of the 50 kg body mass consists of fat, with the remaining 37.4 kg representing the fat-free mass.

Body Volume Measurement

Figure 3 illustrates measurement of body volume by hydrostatic weighing. First, the subject's body mass in air is accurately assessed, usually to the nearest ±50 g. A diver’s belt secured around the waist prevents less dense (more fat) subjects from floating toward the surface during submersion. Seated with the head out of water, the subject then makes a forced maximal exhalation while lowering the head beneath the water. Using a snorkel and nose clip eases apprehension about submersion in some subjects. The breath is held for several seconds while the underwater weight is recorded. The subject repeats this procedure eight to twelve times to obtain a dependable underwater weight score. Even when achieving a full exhalation, a small volume of air, the residual lung volume, remains in the lungs. The calculation of body volume requires subtraction of the buoyant effect of the residual lung volume, measured immediately before, during, or following the underwater weighing.

Body Volume Measurement By Air Displacement

Techniques other than hydrodensitometry can measure body volume. For example the BOD POD, a plethysmographic device for determining body volume. The technology applies the gas law stating that a volume of air compressed under isothermal conditions decreases in proportion to a change in pressure. Essentially, body volume equals the chamber’s reduced air volume when the subject enters the chamber. The subject sits in a structure comprised of two chambers, each of known volume. A molded fiberglass seat forms a common wall separating the front (test) and rear (reference) chambers. A volume-perturbing element (a moving diaphragm) connects the two chambers. Changes in pressure between the two chambers oscillate the diaphragm, which directly reflects any change in chamber volume. The subject makes several breaths into an air circuit to assess thoracic gas volume (which when subtracted from measured body volume yields body volume.) Body density computes as body mass (measured in air) ÷ body volume (measured by BOD POD.) The Siri equation converts body density to percent body fat. 

Skinfold Measurements

Simple anthropometric procedures can successfully predict body fatness. The most common of these procedures uses skinfolds. The rationale for using skinfolds to estimate total body fat comes from the close relationships among three factors: (a) fat in adipose tissue deposits directly beneath the skin (subcutaneous fat), (b) internal fat, and (c) body density.

Girth Measurements

Girth measurements offer an easily administered, valid, and attractive alternative to skinfolds. Apply a linen or plastic measuring tape lightly to the skin surface so the tape remains taut but not tight. This avoids skin compression that produces lower than normal scores. Take duplicate measurements at each site and average the scores. 

The Body Mass Index

Clinicians and researchers frequently use body mass index (BMI), derived from body mass in relation to stature, to evaluate the “normalcy” of one's body weight. The BMI has a somewhat higher association with body fat than estimates based simply on stature and mass.
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BMI = Body mass, kg / Stature, m2
The importance of this index is its curvilinear relationship to all-cause mortality ratio: As BMI becomes larger, risk increases for cardiovascular complications (including hypertension), diabetes, and renal disease (Figure 4). The disease risk levels at the bottom of the figure represent the degree of risk with each 5-unit increase in BMI. The lowest health risk category occurs for BMIs in the range 20 to 25, with the highest risk for BMIs >40. For women, 21.3 to 22.1 is the desirable BMI range; the range for men is 21.9 to 22.4. An increased incidence of high blood pressure, diabetes, and CHD when BMI exceeds 27.8 for men and 27.3 for women.

The Surgeon General defines overweight as a BMI between 25 and 30; a BMI in excess of 30 defines obesity, a value corresponding to a moderate category of health risk. For the first time in the Unites States, overweight people (BMI over 25) outnumber people of desirable weight; shockingly, 59% percent of American men and 49% of women have BMIs that exceed 24!

The prevalence of overweight status in the United States using the BMI index is 34 million adults (15.4 million males, 18.6 million females), representing about 26% of the adult population. When analyzing the data in Figure 6 by ethnicity and sex, significantly more black, Mexican, Cuban, and Puerto Rican males and females classify as overweight compared with white males and females. Thirty-one percent of Mexican males displayed the most overweight based on BMI (31.2%), while BMI targeted 45.1% of black females as overweight.

In June 1998, the National Institutes of Health released the first Guidelines for identifying, evaluating, and treating obesity based on BMI values. The new classifications (2000) based on BMI are as follows:
	Classification
	BMI Score

	Underweight
	<18.5

	Normal
	18.5-24.9

	Overweight
	25.0-29.9

	Obesity Class I
	30.0-34.9

	Obesity Class II
	35.0-39.9

	Extreme Obesity
	>40


The above guidelines have fueled controversy because previous guidelines established overweight at a BMI of 27 (not 25). The lowering of the demarcation value propels an additional 30 million Americans into the overweight category. This now means that 555 of the U.S. population qualify as overweight.

The following table uses the BMI to predict disease risk. A high BMI links to increased risk of death from all causes, hypertension, cardiovascular disease, dyslipidemia, diabetes, sleep apnea, osteoarthritis, and female infertility.

	Competitive athletes and body builders with a high BMI due to increased muscle mass, and pregnant or lactating women, should not use BMI to infer overweightness or relative disease risk. Also, the BMI does not apply to growing children or frail and sedentary elderly adults.

BMI and Health Risk

	

	BMI Score
	Health Risk


	>25
	Minimal


	25 - 27
	Low


	27 - 30
	Moderate


	30 - <35
	High


	35 - <40
	Very High


	>40
	Extremely High



Bioelectrical Impedance Analysis (BIA)

A small, alternating current flowing between two electrodes passes more rapidly through hydrated fat-free body tissues and extracellular water compared with fat or bone tissue due to the greater electrolyte content (lower electrical resistance) of the fat-free component. Consequently, impedance to electric current flow relates to the quantity of total body water, which in turn relates to fat-free body mass, body density, and percent body fat.

Using this technique, person lies on a flat, nonconducting surface. Source electrodes attach on the dorsal surfaces of the foot and wrist, and Sink electrodes attach between the radius and ulna and at the ankle.

A painless, localized electrical current is introduced, and the impedance (resistance) to current flow between the source and detector electrodes is determined. Conversion of the impedance value to body density (adding body mass and stature, sex, age, and sometimes race, level of fatness, and several girths to the equation - computes percent body fat.
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Dual-Energy X-Ray Absorptiometry
Dual-energy x-ray absorptiometry (DXA), a high-technology procedure routinely used to assess bone mineral density permits quantification of fat and muscle around bony areas of the body, including regions without bone present. DXA has become an accepted clinical tool for assessing spinal osteoporosis and related bone disorders. DXA does not require assumptions about the biological constancy of the fat and fat-free components inherent when using hydrostatic weighing. With DXA, two distinct x-ray energies penetrate into bone and soft tissue areas to a depth of about 30 cm. Specialized software reconstructs an image of the underlying tissues. The computer quantifies bone mineral content, total fat mass, and fat-free body mass (Figure 5.) 

Average Values for Body Composition

	Table 1 lists average values for percent body fat in men and women throughout the United States. The column headed “68% Variation Limits” indicates the range for body fat that includes one standard deviation. For example, the average percent fat of 15.0% for young men from the New York sample includes the 68% variation limits from 8.9 to 21.1% body fat. Thus, for 68 of every 100 young men measured, percent fat ranges between 8.9 and 21.1%.. In general, percent body fat for young adult men averages between 12 and 15%, whereas the average fat value for women falls between 25 and 28%.

Table 1. Average percent body fat for younger and older women and men. Taken from the literature.

	Group
	Age Range
	Height

cm
	Weight

kg
	%Fat
	68%

Variation Limits

	Younger Women


North Carolina, 1962


New York, 1962


California, 1968


California, 1970


Air Force, 1972


New York, 1973


North Carolina, 1975


Army recruits, 1986


Massachusetts, 1994

Average
	17-25

16-30

19-23

17-29

17-22

17-26

17-25

17-25

17-30

17.1-26.3
	165.0

167.5

165.9

164.9

164.1

160.4

166.1

162.0

165.3

164.6
	55.5

59.0

58.4

58.6

55.8

59.0

57.5

58.6

57.7

57.8
	22.9

28.7

21.9

25.5

28.7

26.2

24.6

28.4

21.8

25.4
	17.5-28.5

24.6-32.9

17.0-26.9

21.0-30.1

22.3-35.3

23.4-33.3

22.2-31.1

23.9-32.9

16.7-27.8

	Older Women


Minnesota, 1953


New York, 1963


North Carolina, 1975


Massachusetts, 1993

Average
	31-45

43-68

30-40

40-50

33-50

31-50

34.7-50.5
	163.3

160.0

164.9

163.1

162.9

165.2

163.3
	60.7

60.9

59.6

56.4

58.0

58.9

63.9
	28.9

34.2

28.6

34.4

29.7

25.2

30.2
	25.1-32.8

28.0-40.5

22.1-35.3

29.5-39.5

23.1-36.5

19.2-31.2

	Younger Men


Minnesota, 1951


Colorado, 1956


Indiana, 1966


California, 1968


New York, 1973


Texas, 1977


Army recruits, 1986


Massachusetts, 1994

Average
	17-26

17-25

18-23

16-31

17-26

18-24

17-25

17-30

17.1-26.3
	177.8

172.4

180.1

175.7

176.4

179.9

174.7

178.2

176.9
	68.1

68.3

75.5

74.1

71.4

74.6

70.5

76.3

72.5
	11.8

13.5

12.6

15.2

15.0

13.4

15.6

12.9

13.8
	5.9-11.8

8.3-18.8

8.7-16.5

6.3-24.2

8.9-21.1

7.4-19.4

10.0-21.2

7.8-18.9

	Older Men


Indiana, 1996


North Carolina, 1976


Texas, 1977


Massachusetts, 1993

Average
	24-38

40-48

27-50

27-59

31-50

29.8-49
	179.0

177.0

180.0

177.1

178.3
	76.6

80.5

85.3

77.5

80.0
	17.8

22.3

23.7

27.1

19.9

22.2
	11.3-24.3

16.3-28.3

17.9-30.1

23.7-30.5

13.2-26.5


Determining Goal Ideal Body Mass

Excess body fat detracts from good health, physical fitness, and athletic performance. However, no one really knows the optimum body fat or body mass for a particular individual. Inherited genetic factors greatly influence body fat distribution, and certainly impact long-term programming of body size. Average values for percent body fat for young adults approximate 15% for men and 25% for women. Women and men who exercise regularly or train for athletic competition have lower percent body fat. In contact sports and activities requiring muscular power, successful performance usually requires a large body mass with average to low body fat. In contrast, weight-bearing endurance activities require a lighter body mass and minimal level of body fat. Proper assessment of body composition, not body weight, should determine an athlete's ideal body mass. Goal body mass should coincide with optimizing sport-specific measures of physiologic functional capacity and exercise performance. A “goal” body mass target that uses a desired (and prudent) percentage of body fat can be computed as follows:

Goal body mass = Fat-free body mass / (1.00 – % fat desired)

Suppose a 120-kg (265-lb) shot-put athlete, currently with 24% body fat, wishes to know how much fat weight to lose to attain a body fat composition of 15%. The following computations provide this information:

Fat mass = body mass, kg x decimal %body fat

Fat mass = 120 kg x 0.24

Fat mass = 28.8 kg

Fat-free body mass = body mass, kg – fat mass, kg

Fat-free body mass = 120 kg – 28.8 kg

Fat-free body mass = 91.2 kg

Goal body mass = Fat-free body mass, kg / 1.00 – decimal %body fat

Goal body mass = 91.2 kg / (1.00 – 0.15)

Goal body mass = 91.2 kg / 0.85

Goal body mass = 107.3 kg (236.6 lb.)

Desirable fat loss = Present body mass, kg – Goal body mass, kg

Desirable fat loss = 120 kg –107.3 kg

Desirable fat loss = 12.7 kg (28.0 lb.)

If this athlete lost 12.7 kg of body fat, his new body mass of 91.2 kg would have a fat content equal to 15% of body mass. These calculations assume no change in fat-free body mass during weight loss. Moderate caloric restriction plus increased daily energy expenditure induces loss of body fat (and conservation of lean tissue.)

Obesity

Obesity: A Long-Term Process

Obesity frequently begins in childhood. For these children, the chances of becoming obese adults increase three-fold compared with children of normal body mass. Simply stated, a child generally does not “grow out of” obesity. “Tracking” body weight through generations indicates that obese parents likely give birth to overweight children, who grows into an obese adults whose offspring’s often become obese.

Excessive fatness also develops slowly through adulthood, with ages 25 to 44 the years of greatest fat accretion. In one longitudinal study, fat content of 27 adult men increased an average of 6.5 kg over a 12-year period from age 32 to 44 years. Women gain the most weight; about 14% gained 13.6 kg (30 lb) between ages 25 and 34. The typical American man (beginning at age 30) and woman (beginning at age 27) gains between 0.2 to 0.8 kg (0.5 - 1.75 lb) of body weight each year until age 60, despite a progressive decrease in food intake! Whether  “creeping obesity” during adulthood reflects a normal biologic pattern remains unknown.

Not Necessarily Overeating

If obesity existed as a singular disorder, with gluttony and overindulgence as causative factors, decreasing food intake would surely be the most effective way to permanently reduce weight. Obviously, other influences, such as genetic, environmental, social, and perhaps racial are involved. Specific factors that predispose a person to excessive weight gain include eating patterns, eating environment, food packaging, body image, biochemical differences related to resting metabolic rate, basal body temperature, variations in dietary-induced thermogenesis, amount of spontaneous activity or “fidgeting,” quantity and sensitivity to satiety hormones, levels of cellular adenosine triphosphatase, lipoprotein lipase, and other enzymes, presence of metabolically active brown adipose tissue, and daily physical activity.

Regardless of the specific causes of obesity and their interactions, the treatment procedures devised so far - diets, surgery, drugs, psychological methods, and exercise, either alone or in combination - have not been particularly successful on a long-term basis. Nonetheless, optimism exists that researchers will someday devise an effective way to prevent and treat this national health affliction.

Genetics Play a Role

While genetic makeup does not necessarily cause obesity, it does lower the threshold for its development; it contributes significantly to differences in weight gain for individuals fed identical daily caloric excess. Genetic factors determine about 25% of the variation among people in percent body fat and total fat mass, while the larger percentage of variation relates to a transmissible (cultural) effect. In an obesity-producing environment (sedentary and stressful, with easy access to food), the genetically susceptible individual gains weight, possibly lots of it. Athletes with a genetic propensity for obesity fight a constant battle to achieve and maintain an optimal body mass and composition for competitive performance.

Physical Activity: An Important Component

Older men and women who maintain physically active lifestyles blunt the “normal” tendency to gain fat during adulthood. For young and middle-aged men who exercised regularly, time spent in physical activity related inversely to body fat level - the more exercise the less body fat. Surprisingly, no relationship emerged between body fat and caloric intake, suggesting that less training, not greater food intake, produced the greater body fat levels among the active middle-aged men compared to younger, more active counterparts.

Health Risks Of Obesity

Considerable research links obesity to diverse health risks in children, adolescents, and adults. Clear associations exist between obesity and hypertension, diabetes, and various lipid abnormalities (dyslipidemia), in addition to increased risk of cerebral and vascular diseases, alterations in free fatty acid metabolism, and atherosclerosis. However, health risks do not confront every obese person, suggesting that obesity represents a nonuniform, heterogeneous condition. Indeed, evidence accumulated over the last 15 years confirms the heterogeneous nature of obesity, not only its cause (s) but also its complications. Nevertheless, obesity should be viewed as a chronic medical condition because multiple biologic hazards of premature illness and death exist at surprisingly low levels of excess body fat. Some researchers believe that even modest obesity powerfully predicts heart disease risk, equal to cigarette smoking, elevated blood lipids, physical inactivity, and hypertension. Staggering economic expenses arise from obesity-related medical complications; by the year 2000, 12% of the cost of illness in the US will relate directly or indirectly to excessive body fatness.

How Fat Is Too Fat?

Three criteria can evaluate a person’s level of body fatness: 

1. Percent body fat

2. Fat patterning

3. Fat cell size and number

Percent Body

The demarcation between normal body fat levels and obesity often becomes arbitrary. The “normal range” of body fat in adult men and women has been identified as at least plus or minus one unit of variation (standard deviation) from the average population value. That variation unit equals –5% body fat for men and women between the ages 17 and 50 years. Within this statistical boundary, overfatness corresponds to any percent body fat value above the average value for age and sex, plus 5 percentage points. For young men, whose fat mass averages 15% of total body mass, the borderline for obesity equals 20% body fat. For older men, average percent fat equals about 25%. Consequently, a body fat content in excess of 30% represents overfatness for this group. For young women, obesity corresponds to a body fat content above 30%, while for older women borderline obesity begins at 37% body fat.

A problem with these age-specific demarcations for obesity lies in the assumption that men and women “normally” become fatter with aging. However, this does not necessarily occur for physically active older men and women. If lifestyle actually accounts for the greatest portion of body fat increase during adulthood, then the criterion for overfatness could justifiably represent the standard for younger men and women: above 20% for men and above 30% for women.

For Your Information

Standards For Overfatness
Men - above 20% body fat
Women - above 30% body fat
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Gradations of obesity progress from the upper limit of normal (20% for men and 30% for women) to as high as 50 to 70% of body mass. Common terms for gradations in obesity include pleasantly plump for those just above the cut-off, to moderately obese, excessively obese, massively obese, and morbidly obese. The last category includes people who weigh in the range of 170 to 275 kg (385 to 600 lb) and whose fat content exceeds 55%. In such cases, body fat can exceed fat-free body mass, and obesity becomes life threatening.

Fat Patterning

Fat cells (adipocytes) display remarkable diversity depending on their anatomic location. Some cells efficiently “capture” excess nutrient calories from the bloodstream and synthesize them into triglycerides for storage, while other adipocytes not only accumulate triglycerides but readily release this form of stored energy for use by other tissues. This explains why certain fat deposits exhibit resistance to reduction and others expand and contract readily in response to the body’s energy balance. Research now indicates that the patterning of adipose tissue distribution, independent of total body fat and body weight, alters the health risk from obesity.

· Studies using MRI and CT-scanning to precisely discriminate subcutaneous from visceral (intra-abdominal) adipose tissue (V-AT) show that V-AT accumulation in excess of 130 cm2 relates to an altered metabolic profile that includes:

· Hyperinsulinemia

· Insulin resistance and glucose intolerance

· Hypertriglyceridemia

· Reduced high-density lipoprotein (HDL) cholesterol concentrations

· Increased apolipoprotein B, the regulatory protein constituent of the harmful LDL cholesterol

Excessive insulin production and depressed insulin sensitivity that characterizes V-AT obesity not only increases risk for noninsulin dependent diabetes mellitus, but also risk for ischemic heart disease. Thus, visceral obesity represents an additional component of the insulin-resistant, dyslipidemic syndrome, which represents the most prevalent cause of coronary artery disease in industrialized countries.

The notion that body fat distribution represents an important component in the clinical assessment of obese patients first emerged in 1947, and has been confirmed in subsequent epidemiological studies. A preferential abdominal fat accumulation, first described as android obesity (male-pattern or central obesity), exists largely among overweight patients with hypertension, type 2 diabetes, and coronary heart disease. This contrasts to the lower health risks of gynoid obesity (female-pattern or peripheral obesity), where the majority of excess fat deposits in the body’s gluteal and femoral regions. Figure 9 shows examples of the apple (android) and pear (gynoid) body shape types.
















Figure 9. Male and female fat patterning.














Figure 5. Dual-energy X-ray absorptiometry of an anorexic female (two left images) and a typical female (two right images).





Figure 4. Curvilinear relationship between all-cause mortality and body mass index. At extremely low BMIs, the risk for digestive and pulmonary diseases increases, while cardiovascular, gallbladder, and type 2 diabetes risk increases with higher BMIs.








Figure 3. Measuring body volume by underwater weighing. 











Figure 2. Body composition of the reference man and reference woman.





Figure 1. Five-level, multicomponent model to assess and interpret body composition. Each component within a level becomes more complex with an increase in the body’s level of biological organization.
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