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ABSTRACT

This study compared five skinfold estim ation equations for 

body composition (Jackson and Pollock's Sum of 7 and Sum of 3;

Jackson & Pollock's Sum of 4 and Sum of 3 for the YMCA, and Durnin

and W om ersley’s Sum of 7) with percent fat obtained from

underwater weighing in older males. Subjects were ninety-seven 

adult males, aged 60-80 years (M=66, SD=4.53) and varying in height 

(M=174.5 cm, SD=5.99) and weight (M=80.95 kg, SD=13.37). Skinfold 

measurements were taken with Lange calipers at biceps, triceps, 

chest, subscapular, abdominal, suprailiac, midaxilla, and thigh sites.

Underwater weight was determined in a seated position utilizing a

load cell system with residual volume (RV) measured at the time of 

weighing. Each subject performed ten trials with the last six trials 

averaged for calculations.

Correlation analysis indicated that the skinfold estim ation 

equations achieved a mean correlation of .74 with underw ater

weighing. Jackson and Pollock's Sum of 7 equation (JP£7) yielded the

highest correlation with underwater weighing (.78) and Durnin and

Womersley's equation (DW) the lowest correlation (.72). A one-way 

repeated measures analysis of variance indicated that all five



equations used with the present studies population produced 

significantly different results than underwater weighing. A follow- 

up test indicated that a) the YMCA's Sum of 4 and Sum of 3 equations 

were not significantly different from each other, nor were b) Jackson 

and Pollock’s Sum of 7 and Sum of 3, however, a and b were 

significantly different from each other. The data showed that these 

equations are not as valid with the present study's population as 

with those from which the equations were derived.
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CHAPTER 1 

In tro d u c tio n

An increased awareness of the im portance in achieving 

physical fitness and health has caused many individuals to develop 

exercise goals. Many have joined health clubs, YMCA's or hired 

personal trainers to reach these goals. This rise in health and fitness 

consciousness has lead to an increase in the assessment of physical 

fitness including tests for muscular strength, muscular endurance, 

cardiorespiratory fitness, flexibility, and body composition. With the 

m edia (new spapers, rad io , m agazines, TV) em phasizing  the 

importance of diet, nutrition and correct body weight, there has been 

a special interest in body composition.

Researchers have spent the last fifty years refining techniques 

to measure body composition. Many techniques are used in the 

laboratory setting, and are considered to be the criterion techniques. 

Determination of body density through underwater weighing (UWW) 

is the most accepted of these techniques (Jackson & Pollock, 1985). 

Underwater weighing requires extensive and costly equipm ent, a 

knowledgeable staff, and considerable time and effort from the 

subject. Since underwater weighing has been unsuitable for mass 

testing , easier and more sim ple field  techniques have been 

developed. Extensive research has been completed to develop these 

field techniques for body composition assessment which use 'simple 

to take’ measurements without the loss of reliability and validity.
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M ost body com position studies divide the body into two

compartments: lean body weight (LBW) which is the weight of the

lean body (muscle, bone, organs), and fat weight which consists of 

essential fat and storage fat. Estimation equations for body density 

or percentage of body fat have been developed from anthropometric 

measurements such as skinfold measures, bone diam eters, height, 

weight, and circumferences. These estimation equations have been 

validated against percent body fat determ ined by underw ater

w eighing, where a regression  model has been developed to 

determ ine which combination of anthropometric variables and age 

yields the closest values to the underwater weight body fat results.

The earlier estimation equations were population specific in

that they usually applied to a small, homogeneous sample. The

literature has well over 100 different equations based on multiple 

com binations of an th ropom etric  variab les to p red ic t body 

composition, and " . . .  much of the work has been conducted on young 

men and women with considerably fewer studies on children and 

older adults" (Lohman, 1981).

To alleviate the use of numerous equations with various 

populations, 'generalized equations' were developed on larger sample 

sizes which varied in age and body fat. "The advantage of 

generalized equations is that one equation replaces several without a 

loss in prediction accuracy" (Jackson & Pollock, 1985). While there 

have been many estimation equations developed for 18 to 50 year 

olds, few of these equations incorporate the over 60 population.
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Studies show that equations generally  derived from  younger 

populations are not applicable to older subjects (Deurenberg, Vander 

Kooij, Evers, and Hulshof,1990). All five of the estimation equations 

used in this study are generalized in nature; they apply to 16-72 

year old males. When assessing body composition for the older 

population, the choice of estimation equation is lim ited. Single

skinfold measurements have been used to aid in the nutritional 

assessment of the older population, however, no generally accepted

estimation equation has been suggested.

Statement of the Problem 

The purpose of this study was to determine the validity of five 

com m only used estim ation equations for predicting body fat 

percentage in men over 60 years. A subproblem of this study was 

to consider the validity of these five equations on percent body fat at 

the extremes (one and half standard deviations [1.5 SD] above and 

below the mean percent fat) of the present sample population. Four 

of the five estim ation equations were from the same database 

developed by Jackson and Pollock (1978). The five equations are 

discussed below.

1. Jackson and Pollock's Sum of 7 Equation - JPT.7 (Jackson 

& Pollock, 1978). This equation for body density was

designed to take the place of several population specific

equations. Chosen for its wide use in the literature, this 

equation uses the sum of the pectoral, m idaxilla,
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abdomen, suprailiac, thigh, subscapular, and triceps 

skinfold measurements. Body density from this equation 

may be converted to percentage of body fat. This study 

used Siri's (1961) equation for this conversion.

2. Jackson and Pollock's Sum of 3 Equation - JPY3 (Jackson 

& Pollock, 1978). As above, this equation has been 

referenced considerably in the literature and involves 

skinfold measurements on the pectoral, abdominal and 

thigh sites. Siri's equation (1961) was also used to 

convert body density to body fat percentage.

3. YMCA's Sum of 4 Equation - YM CAY4 (Golding, Myers, & 

Sinning, 1989). This equation was developed by Jackson 

and Pollock specifically for the YMCA test battery, and it 

estimates body fat from the sum of the abdomen, ilium, 

triceps and thigh skinfold sites. It was chosen for this 

study because of its wide use.

4. YMCA's Sum of 3 Equation - YMCAY.3 (Golding, et al., 

1989). This equation was developed along with the sum 

of 4 equation, except that the thigh skinfold site was 

deleted. It was chosen for its wide use, as well as the fact 

that it may be difficult to obtain skinfold measurements 

on the leg, so an alternate equation may be necessary.

5. Durnin and W om erslev 's E quation  - DW (Durnin & 

Womersley, 1974). This equation estimates body density 

and has been one of the prevalent generalized equations
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in the literature. It uses the biceps, triceps, subscapular, 

and suprailiac skinfold sites.

L im itations

1. This study involved 97 apparently healthy male volunteers 

between the ages of 60-80 years. Since these were 

volunteers, this was not a random sample.

2. Only five estimation equations were compared with percent 

body fat from underwater weighing. The results can not be 

extended to any other equations.

3. The apparatus for measuring residual volume at the time of 

underwater weighing was not tested for reliability prior to 

data collection, however, it was experimentally validated by 

a residual volume (RV) model.

A ssum ptions

1. As lung volume was determined at the time of underwater 

w eighing, it was assumed that the procedure accurately 

measured the amount of air in the lungs at this time.

2. It was assumed that the tester was reliable in obtaining 

skinfold measurements.

3. Since residual volume requires maximal exhalation on the 

part of the subject, it was assumed that all subjects exhaled 

m axim ally.
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Need for the Study 

The increase in m an’s longevity and the growing interest in 

preventive medicine supports more research that must be performed 

on older populations. Body composition studies have historically 

used young men and women as subjects. There have been few 

studies dealing with body composition on those over 60 years of age. 

"Inform ation on the anthropom etric m easurem ent of the elderly 

population . . .  is comparatively limited" (Vir & Love, 1980) and ". . . 

the need for future work is to cross-validate the generalized 

equations with defined groups to insure that the predictive accuracy 

is consistent for all groups measured" (Jackson & Pollock, 1982).
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CHAPTER 2

Related L iterature

The two-component model has been the basis for body com­

position studies since introduced by Behnke in the 1940's. This 

model states that the body can be divided into two compartments: 

fat weight and fat-free weight (or lean body weight). Numerous 

methods have been developed to assess these two components of 

body composition. Most methods measure one variable from which 

total fat-free mass is estimated. "The most reliable methods . . . 

available for estimating body fat and the fat-free mass involve the 

measurement of total body water, total body potassium  or body 

density" (Womersley, Durnin, Boddy, & Mahaffy, 1976). Several 

authors discuss the various methods for measuring body composition 

(Brodie, 1988a, 1998b; Lukaski, 1987).

Body density  has trad itiona lly  been m easured by the 

underw ater w eighing method. Considered the “ gold standard” , 

underwater weighing relies on several assumptions for accurately 

determining body density:

a) the density of human fat and fat-free tissue is known,

b) the density and composition of both the fat and fat-free 

body rem ain re la tive ly  constan t and sim ilar among 

ind iv iduals,

c) each component remains proportional relative to the whole 

body (Wilmore, 1984).
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This chapter reviews the literature, and discusses both the 

applicability of these assumptions to older individuals, as well as the 

im p lica tions for body com position  m ethodology w ith older 

populations.

Age Associated Effects

Effect of Age on Body Density

Total body density includes the density of both fat-free tissue 

and fat tissue. There is a progressive decline in body density with 

age, although no specific value has been suggested (Krzywicki & Chin, 

1967; M asoro, 1981; Rossman, 1979; W omersley et al., 1976). 

Arnold, Bartley, Tont and Jenkins (1965) reported a ". . . slight 

progressive decrease (in mean body density) for the sixth through 

the eighth decades of life." When comparing the body densities of 

younger and older m ales, Krzywicki and Chin (1967) found a 

difference of .043 gm/ml for the mean body density of 17 to 19 year 

olds (1.060 gm/ml) as compared to that of 65 to 69 year olds (1.017 

gm/ml). Durnin and Womersley (1974) found young adult males to 

have a body density of 1.08 gm/ml, and older males (70 years) to 

have a density of 1.03 gm/ml. Blanchard, Conrad, and Harrison 

(1990) found a signficantly lower fat-free mass estim ate in elderly 

women as compared to young women. This age-associated decrease 

in body density may be due to decreased physical activity, resulting 

in reduced muscle mass and a tendency to gain fat tissue with age 

(W atson, 1985).
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For calculations, the value used for the density of the fat-free 

body is 1.100 gm/ml (Durnin & Womersley, 1974; Keys & Brozek, 

1953). However, this density value is lower than 1.10 gm/ml for 

older populations and varies with individuals (Lohman, 1981). 

Womersley et al., (1976) reported that older, non-obese women have 

a slightly lower fat-free mass density of 1.090 gm/ml. Another 

study found a significant change in the chemical composition of fat- 

free tissue which results in a decreased FFM density with age 

(Deurenberg, P., Westrate, J.A., vanderKooy, K., 1989). The variability 

of the fat-free body in older individuals can be contributed to mostly 

changes in body w ater and m ineral content (Lohman, 1981; 

Womersley et al., 1976). The degree of variation with fat-free tissue 

has not been well defined in older populations (Lohman, 1984). Using 

40K counting, Forbes (1976) found an average loss of 3 kg of lean 

body mass per decade. Because of the change in fat-free tissue, 

researchers are currently suggesting the use of a 4 compartment 

m odel to im prove body com position  e stim ates  (C hum lea, 

B aum gartner, and V ellas, 1991). B aum gartner, H eym sfield , 

Lichtman, Wang, and Pierson (1991) have demonstrated that results 

based on the 2 com partm ent model yield significantly different 

estimates of body composition than a 4 component model.

Effect of Age on Fat and Fat Distribution

The density of fat tissue is reported to be .90 gm/ml, and fat 

tissue density does not appear to be effected by age (Womersley et 

al., 1976). In Masoro's (1981) summary of age-associated effects on
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adipose tissue mass and related measurements, conflicting reports 

are listed as to whether the total amount of fat remains constant 

with age, or if it increases with age. Other studies reported that total 

body fat does increase with age, although no quantitative values 

have been presented (Blanchard et al., 1991; Borkan & Norris, 1977; 

Fryer & Shock, 1962; Kenney, 1985; Steen, 1979; Steen, Lundgren &

Isaksson, 1985; Watson, 1985; Young, Blondin, Tensuan & Fryer,

1963).

Some researchers (Borkan & Norris, 1977; Borkan, Hults, Gerzof, 

& Robbins, 1985; Kenney, 1985) hypothesize the redistribution of fat 

from subcutaneous locations to internal locations resulting in a 

centripetalization (shifting towards the middle portion of the body) 

and internalization of body fat with age. This redistribution of fat 

tends to occur later in women than in men (Kenney, 1985). In men, 

subcutaneous fat increases in the region of the greater trochanter but 

decreases in the abdominal region through middle age (Borkan & 

Norris, 1977). Other researchers suggest a similar shift (Young et al.,

1963), although no quantitative values have been reported.

The distribution of total body fat varies with gender and race. 

Jackson and Pollock (1978;1980) found “ . . . no sex difference for the 

sum of all seven skinfolds, but the skinfolds for women were larger 

in the limbs, while the men had more skinfold fat at the chest, axilla 

and suprailiac sites.” Durnin and Womersley (1974) found males to 

have a higher proportion of their body fat located subcutaneously 

than females. They (Durnin & Womersley, 1974) also reported that a
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given skinfold corresponded to a considerably lower body density in 

women than in men. A conflicting report by Hattori, Numata, Ikoma, 

Matsuzaka and Danielson (1991) found that females have a greater 

proportion of subcutaneous fat than m ales. Garn, Sullivan and 

Hawthorne (1988) reported sim ilar results with women having a 

greater proportion of subcutaneous fat than men. Mexican and Black 

Americans have more fat in the trunk area than Anglo Americans 

(Greaves, Puhl, Baranowski, Gruben, & Seale, 1989).

In summary, body density decreases with age in both older 

men and women, however, the exact values for the density of older 

populations is not available due to a lack of research on this topic. 

The density of fat tissue is not affected by age, and there are 

conflicting reports on whether total fat increases, decreases or 

merely shifts positions in the body (from subcutaneous to internal 

locations). The distribution of fat varies with gender and race, where 

more fat is found in the trunk area of Mexicans and Blacks than 

their white counterparts. There are conflicting reports whether 

females carry more internal or subcutaneous fat than males.

Effect of Age on Height and Weight

Extensive research has found that stature decreases with age 

(Chumlea, Roche, & Webb, 1984; Watson, 1985). A decline in stature 

of approximately 1 cm per decade occurs after 40 years (Kenney, 

1985). Shephard (1987) reported a slightly larger decline in stature 

of 2 cm per decade. This loss in height occurs as a result of a loss in
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foot arches, spinal curvature, and decreased connective tissue in the 

intervertebral discs (Kenney, 1985; Shephard, 1987; Watson, 1985). 

Because of declining fat-free mass, mean body weight also decreases 

with age (Fryer & Shock, 1962; Rossman, 1979; Watson, 1985). After 

ages 65 to 70, total body weight decreases without an increase in fat 

tissue (Young, et al., 1963).

Effect of Age on Lung Volumes

The respiratory system relies partially on the elasticity of the 

lung cavity and the thoracic m uscle mass to effectively deliver 

respiratory  gases. V ital capacity or the m aximum ventilation 

capacity decreases with age due to age-associated changes in lung 

elasticity and the loss of muscle mass in the thoracic region (Kenney, 

1985). Residual volume, defined as the amount of air remaining in 

the lungs after a maximal exhalation, increases with age (Kenney, 

1985; W hitbourned, 1985). In 1960, Brozek found the residual 

volume of older men to be .6 liters higher than that of their young 

co u n te rp arts .

Age Associated Effects and Body Composition Methodology 

Many methods are currently being used, both in the field and 

in the laboratory, to assess an individual's body composition. Several 

authors have presented summaries of these various techniques and 

their principles, advantages, disadvantages, cost, and experim enter 

training requirements (Brodie, 1988a, 1988b; Lukaski, 1987). Some
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of the comm on m ethods of estim ating  body w eight, body 

composition, and percent body fat are summarized below.

Height/W eight Tables

Height/weight tables have historically been used to determine 

an individual's ideal body weight. Some weight for height indices 

indicate adiposity in an attempt to predict body fat from a simple 

measure (Brodie, 1988a). However, height/weight tables do not 

accurately assess body composition because only mass and stature 

are measured (Montague, 1960). Height and weight tables can be 

misleading in that an individual may be overweight according to the 

tables, yet the weight may be due to either added fat tissue or to 

increased muscle mass. These tables have not been adjusted for age, 

and yet body com position changes with age (Y earick, 1978). 

Height/weight tables may be appropriate for gathering descriptive 

data for the older population, but not for determ ining body 

composition, obesity indices, or nutritional adequacy. Some attempts 

have been made to create an average height/weight table for older 

populations for the purpose of com parison (M aster, Lasser, & 

Beckman, 1960), however, no studies have made use of the table.

Skinfold M easurements

Skinfold measurements have been one of the most widely used, 

and considered the best field method for assessing body composition. 

They are relatively easy to perform, quick to measure, and require
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only the purchase of a skinfold caliper. They are "subject-friendly" 

in that minimal requirements are placed on the subject with only a 

pinch of skin and subcutaneous tissue in several locations. Skinfold 

ca lipers have been designed to m easure the th ickness of 

subcutaneous fat (in m illim eters) at various locations. These 

measurements can be then used to compare with norms of individual 

skinfold thicknesses, or used in equations which estim ate body 

density or body fat percentage.

Skinfold com pressibility  can affect skinfold m easurem ents 

when used with older populations as com pared to younger 

populations. Skinfold compressibility decreases with age (Brozek & 

Kinsey, 1960; Dumin & Womersley, 1974). Brozek and Kinsey (1960) 

compared skinfold compression on 20 to 69 year old males, and 

found the largest differences were in the 40 to 69 year old group 

where compression decreased in a non-uniform fashion. Becque, 

K atch, and M offatt (1986) reported that reading the caliper 

m easu rem en t w ith in  4 seconds w ould m in im ize  sk in fo ld  

com pression , which may lim it com pression effects on older 

populations. Although no regional differences were found on female 

subjects, males exhibited greater com pression at the iliac site 

(Becque et al., 1986).

The Food and Nutrition Board of the National Research Council 

of the United States has established that the standard pressure 

exerted by a skinfold caliper must be 10 gm/mm2. Different calipers, 

how ever, have varying jaw  surface areas to accom odate this
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standard jaw pressure. The Harpenden calipers, for example, have a 

total jaw pressure of 900 gms, whereas the Lange calipers only have 

300 gms (Golding & Lindsay, 1989). Studies have shown that this 

difference in total jaw pressure does result in significantly different 

skinfold measurements, thus, different percent fat estimates (Gruber, 

Pollock, Graves, Colvin, & Braith, 1990; Kelley, Golding, & Tandy, 

1991; Schmidt & Carter, 1991).

Selection of Skinfold Sites

Skinfold sites are chosen at locations where subcutaneous fat 

normally occurs: posterior upper arm, abdomen, hips, and upper

thigh. When using skinfold measurements in estimation equations 

for percent body fat, the choice of skinfold site is governed by the 

equation. Most nutritional adequacy studies for the elderly have 

reported the sum or mean values for individual skinfold sites as 

opposed to choosing an estimation equation for total percent fat 

(Friedlaender, Costa, Bosse, Ellis, Rhoado & Stoudt, 1977; Fryer & 

Shock, 1962; Shephard, 1987; Steen, 1979; Vir & Love, 1980; Yearick, 

1978).

There is little  agreem ent over which skinfold site, in 

combination or separately, produce the best results for predicting 

body composition. However, the most common sites in the literature 

are triceps, subscapular, suprailiac, abdominal, and thigh (Katch & 

Katch, 1980). "It seems that skinfold measurements on the trunk 

(suprailiac and abdomen) may be more reliable predictors of body
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fat in m ales, whereas extrem ity skinfold m easurem ents (triceps, 

biceps and thigh) seem to be more accurate in females" (Watson, 

1985). Rossman (1979) reported the m ost reliab le  skinfold 

measurement in relation to weight was the abdominal site for both 

males and females. The subscapular measurement correlated the 

best with body density according to Young et al., (1963). Vir and 

Love (1980) found that the triceps skinfold is a poor criterion 

measure of fat in men.

Underwater W eighing

Considered the “gold standard” , the underw ater weighing 

technique (densitometry, hydrostatic weighing) is not a good field 

test. It requires extensive equipm ent and facilities, a trained 

experimenter, and considerable practice and time on the part of the 

subject.

The assumption underlying the conversion of body density to 

percent body fat is that fat tissue has a density of .90 gm/ml and fat- 

free tissue have a density of 1.10 gm/ml. With these assumptions, 

whole body density can be measured and fat content can be 

calculated (Garrow, 1982). These assumptions have been questioned 

and have been found to be invalid (Clarys, Martin & Drinkwater, 

1984; Martin & Drinkwater, 1991; Womersley et al., 1974), however, 

no correction to the literature has been made. Studies have reported 

that adipose-tissue-free weight varied considerably with cadavers 

(Clarys et al, 1984). Womersley et al, (1974) studied the fat-free
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mass in men and women of various body types and ages from 

m easurem ents of body density and total body potassium , and 

reported significant changes in FFM density and potassium content 

especially with older individuals. Underwater weighing systems use 

Archimedes Principle to determine body volume, and body volume is 

then used to compute body density with the following formula.

D = m ass
volum e

The underw ater weighing m easurem ent is affected by the 

temperature of the water (density of the water), the volume of air in 

the subject's lungs, and the weights added to the body to decrease 

buoyancy effects. Brozek and Key's (1953) equation for underwater 

weighing was used for body density determination.

D =  Wa____________
Wa -(W H?0-W s) - RV

DH20

Wa = subject's land weight (weight in air) in grams
W H 2 O = subject's weight in water in grams
Ws = total sinker weight in grams
RV = residual volume in liters
DH2 O = density of water at a specific water temperature

To decrease measurement errors for weight under water, eight 

to ten trials have been suggested with the last three weights for each 

trial averaged for calculation purposes (Roche, 1987). Researchers 

have historically used the Chatillon Autopsy Scale to record weight in 

water. This scale allows for considerable error as water movement
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causes large fluctuations in the scale movement, making it difficult to 

obtain accurate weight readings. The strain gauge or load cell system 

is preferable (Brodie, 1988; Donahue, Golding & Cummings, 1988; 

Fahey & Schroeder, 1978; Roche, 1987).

Residual Volume

Accuracy of body density determination is directly related to 

the correct measurement of the air volume in the lungs at the time of 

weighing. Some of the methods used to determine this lung volume 

include predicting residual volume (RV) from a chart or vital 

capacity measurements (VC); measuring RV 'on land' and assuming 

an equal value as if measured in water; measuring RV at the time of 

the actual underwater weighing. When residual volumes are not 

measured directly (for example, estimating RV from vital capacity) 

an additional error of .003 gm/ml is made in the determination of 

body density (Lohman, 1981). Researchers have reported that 

measuring RV on land yields different results than measuring RV in 

water, however, the difference is not well established (Lohman, 

1981). Girandola, W iswell, Mohler, Romero and Barnes (1977) 

suggest a difference of 200 to 300 ml for RV on land versus RV in 

water that can give a 4 to 5% difference in the eventual percent fat 

determ ination. This difference may be due to the increased 

hydrostatic pressure on the walls of the thorax as a result of water 

immersion. Because of the possible differences found between land 

and water measurements, residual volume should be measured at
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the time of weighing (Behnke, 1942; Girandola et al., 1977; Lohman, 

1981; Welch & Crisp, 1958; Withers & Hamdorf; 1989).

Residual volume values may show a greater variability among 

older individuals as compared to younger individuals. Studies 

involving young men and women showed less variability for residual 

volume measurements than studies performed with older men. Few 

studies have reported the variability when testing older populations, 

however, Latin and Ruhling (1986) reported a standard deviation 

(SD) in residual volume of .41 with older men aged 56-70 years. 

Forsyth, Plyley and Shephard (1988) found a considerably lower 

standard deviation of .233 with residual volume in the water for 

young men and women. Ostrove and Vaccaro (1982) found a similar 

variability of .186 when testing residual volume in water with young 

women. In their study with young men, Craig and Ware (1967) 

found an SD of .03. Although variability of residual volume increases 

with age, if the measurement of RV occurs at the time of weighing, 

this variability is insignificant.

Estimation Equations

There are well over 100 estimation equations that are used for 

the prediction of body com position (Jackson & Pollock, 1982; 

Lohman, 1981). There is no consensus as to which equations are 

best, however, most equations that are used have a high correlation 

with underw ater weighing. “Many researchers have published 

regression  equations with functions to p red ic t hydrostatically
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measured body density from various combinations of anthropometric 

variables” (Jackson and Pollock, 1985). Estimation equations can 

also predict percent body fat from body density. New equations are 

now being developed from  b ioelec trical im pedance, in frared  

machines, and other laboratory techniques. However, the majority of 

equations were from regression equations based on body density 

determination from underwater weighing.

Population Specific Estimation Equations

Historically, body composition estimation equations have been 

population specific, i.e., they were developed from a homogeneous 

sample. "Much of the work has been conducted on young men and 

women, with considerably fewer studies on children and older 

adults" (Lohman, 1981). Population specific equations were based on 

a linear relationship between subcutaneous fat and body density. 

However, recent research shows this relationship to be curvilinear 

(Durnin & Rahaman, 1967; Durnin & Womersley 1974; Jackson & 

Pollock, 1978). The use of population specific equations is limited to 

the sam ple on which the equation was derived, thus, is not 

appropriate for broad testing.

Generalized Estimation Equations

To alleviate some of the problems associated with population 

specific equations, there has been an attempt to design generalized 

estim ation equations that deal with broad populations (Durnin &
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Womersley, 1974; Jackson & Pollock, 1978). These equations account 

for varying age and gender, and are based on a curvilinear rather 

than linear relationship between subcutaneous fat and body density 

(Jackson & Pollock, 1985). Jackson and Pollock (1978) validated 

their Sum of 7 equation (JPZ7) and Sum of 3 (JPZ3) equation with

18-61 year old men and found that age accounted for a significant

proportion of body density variance. When cross-validated with a 

similar sample, both the JP £ 7  and JP £3  equations exhibited a high 

(.9 1 5 -.9 1 7 ) c o rre la tio n  betw een  p red ic ted  and lab o ra to ry  

determined body density. A list of the five generalized estimation 

equations used in this study is presented in the next chapter.

Sum m ary

When determining the body composition of individuals, there 

are many reliable and accurate methods ranging from those which 

require extensive technical equipment and personnel to those which 

require a single piece of equipment and tester.

Age affects both the lean tissue and fat tissue components of 

the human body. Studies report a decrease in mean body density 

with age that may be due to the reduced muscle mass and increased 

fat tissue from a lack of physical activity. The fat-free mass also 

decreases with age, however, no quantitative values have been

reported. The density of fat-free mass varies considerably with

older individuals due to changes in water and mineral content. As 

these values are not well defined in the older population, caution
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must be employed when using measures of fat-free mass to estimate 

percent body fat (Womersley et al., 1976). Although fat tissue

density does not appear to be affected by age, there are conflicting

reports as to whether the total amount of fat tissue changes with age. 

Several studies suggest that fat tissue is redistributed with age from 

external to internal locations. Fat distribution trends may also vary 

with females and different races. Several studies report that body 

weight and height decrease with age. Lung volumes are also affected 

by age with an increase in residual volume, and a decrease in vital 

capacity. However, these age-associated changes are insignificant for 

body density measurements if residual volume is measured at the 

time of underwater weighing.

Height and weight tables have historically been used to

determine ideal weight, but are not appropriate measures of body 

composition. There are no currently accepted height/weight tables

for older populations.

One of the m ost accepted  field  m ethods is skinfold

measurements because of their relative ease and validity. Skinfold

measurements can be used in an estimation equation to determine

body density or percentage of body fat. Several studies (Brozek & 

Kinsey, 1960; Durnin & W omersley, 1974) report that skinfold

com pressib ility  decreases with age which may affect skinfold 

m easurem ent, thereby, decreasing prediction equation accuracy. 

Becque, Katch and Moffatt (1986) reported that reading the caliper 

measurement within 4 seconds would minimize compression errors.
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The selection of skinfold sites varies depending upon which 

estimation equation is used. There has been little to no agreement 

on which body composition estimation equation is most appropriate 

for the older population. Caution must be employed when choosing 

estimation equations for this group — the equation must be able to 

account for age effects in body composition.

Estimation equations have been developed from and validated 

against a criterion measure, usually underw ater weighing. The 

determination of body composition is based upon assumptions that 

the density of fat and fat-free tissue is known and constant, and that 

the components of the body remain proportional relative to the 

whole body (Lohman, 1984; W ilmore, 1984). The accuracy of 

underwater weighing is dependent upon several factors, the most 

important being the air in the lungs at the time of weighing. Lung 

volume m easurements must be taken at the time of weighing. 

Studies report different values of lung volumes when measured on 

land versus in the water. Studies report a larger variability in 

residual volume among older individuals as compared to their 

younger counterparts (W ithers & Hamdorf, 1989; Girandola et al., 

1977). To obtain accurate weight readings, a strain gauge or load 

cell system is preferred.

Valid population specific body composition equations may be 

used for a specific population, but are not universally applicable. 

Many of these equations are based on skinfold measurements and 

are used to calculate body density or body fat percentage. Several
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equations have been developed, with no single equation considered 

the best for older adults. Historically, these equations have assumed 

a linear relationship between subcutaneous fat and body density, 

however, this relationship is curvilinear (Jackson & Pollock, 1982; 

1985; Katch & Katch, 1980).

Generalized equations were developed to be used with samples 

varying greatly in age and body fatness. They . . . “were developed 

on large heterogeneous samples using regression models that account 

for age and the nonlinear relationship between skinfold fat and body 

density” (Jackson and Pollock, 1985). They take the place of several 

population specific equations, and are more appropriate for broad 

populations.
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CHAPTER 3 

M ethodology

This study was designed to show the relationship among five 

current body composition estim ation equations and actual percent 

body fat as measured by underwater weighing in adult men over 60 

years of age. Each subject was scheduled for two laboratory sessions.

O rientation

Subjects attended an orientation meeting prior to testing. They 

completed an informed consent, a questionnaire, and were given 

participant guidelines such as: no food or caffeine 4-5 hours prior to 

testing; no strenuous exercise 12 hours prior to testing; no alcohol 24 

hours prior to testing; and no diuretics or heart medications prior to 

testing (See Appendix A). The testing procedures were explained, 

and a video on the underwater weighing (UWW) procedure was 

shown. Participants simulated the UWW procedure while sitting, and 

any questions about the study or testing were answered. A one hour 

data collection session was then scheduled for each individual.

Data Collection Session

Equipm ent Preparation

The oxygen and carbon dioxide analyzers were turned on at 

least thirty minutes prior to testing to allow for adequate warm up,
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and then were calibrated (See Appendix B). The underw ater 

weighing tank was filled to the correct water level, and a weighted 

vest and drape (sinker weight) were placed on the scale in the water 

tank 30 minutes prior to testing to saturate the canvas material and 

to remove air bubbles. The sinker weight was then recorded by 

means of a ticket printer. The water temperature was taken. A 

sterilized mouthpiece was attached to flexible hosing to act as a 

snorkel to be later attached to a rebreathing bag. Six 5-liter 

anesthesia bags were filled with 5 liters of pure oxygen to be used 

for rebreathing and subsequent calculation of RV during underwater 

weighing using an automated system (Appendix B).

Testing Procedures

H eight was taken in centim eters from  a w all-m ounted 

stadiometer. Subjects stood erect, without shoes, with feet parallel, 

and heels, buttocks, head, and shoulders touching the stadiom eter 

(Watson, 1985). Land weight was recorded in grams while standing 

on a Toledo 8130 Load Cell Kilogram Scale.

Skinfold M easurements

Each of the sites to be measured was located follow ing 

standardized procedures (Golding et al., 1989). Explanation and 

dem onstration a llev iated  any apprehension about the skinfold 

m easurem ent procedure.
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1. Skinfolds were taken on the right side of the body with the 

tester's right hand holding the caliper, the left hand lifting 

the skinfold. The Lange Skinfold Caliper was used.

2. Each skinfold was lifted twice to ensure the proper fold 

prior to placing the calipers in front of the thumb and 

forefinger.

3. The jaws of the caliper were placed so that the thickness of 

the skinfold was measured perpendicular to its long axis 

when the pressure on the caliper was released.

4. Each measurement was recorded after approximately three 

seconds of pressure.

5. Two measurements were recorded and if they were within 1 

mm, the last value was used.

6. Sites were used according to the exact procedure described 

by Golding, et al. (1989).

a. Chest site - A diagonal fold on the pectoral line midway 

between the axillary fold and the nipple.

b. M idaxilla site - A vertical fold on the midaxillary line at 

nipple level (midsternum).

c. Suprailiac site - A diagonal fold just above the crest of 

the ilium.

d. Abdominal site - A vertical fold approximately 1 inch to 

the right of the umbilicus.

e. Thigh site - A vertical fold on the front of the thigh 

midway between groin line and the top of the patella.
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f. Triceps site - A vertical fold on the back of the upper arm 

midway between the shoulder and elbow joints.

g. Subscapula site - A diagonal fold on the inferior angle of 

the scapula.

h. Biceps site  - Measured vertically at the midpoint of the 

arm. (Lohman, Roche, & Martorell, 1989).

Density Determination

The underwater weighing system used a Toledo Load Cell 

System for both land and hydrostatic weight (See Figure 1 - view of 

the underwater weighing system from the top). The weight was 

displayed on a digital readout, and a printer recorded the weight to 

the nearest gram. The subject's land weight was recorded on the 

data collection sheet (See Appendix A).

The underw ater weighing procedures were review ed. The 

subject showered to remove body oils and to saturate the hair and 

swimsuit. The subject entered the underwater weighing tank and 

stepped onto black footprints (which were painted on the bottom of 

the tank) to avoid stepping on the weight scale. The subject was 

fitted with the weighted vest and was seated on the weighing scale. 

The weighted drape was placed over the subjects' knees to prevent a 

sensation of falling backwards. The mouthpiece and accompanying 

hose was fitted along with a noseclip, and goggles (if desired). The 

subject was allowed to become familiar with breathing through the 

snorkel.
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Figure 1

Schematic of the underwater weighing system from the top view
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Several p ractice  tria ls were com pleted , and the actual 

underw ater w eighings follow ed. Each tria l follow ed precise 

instructions (See Appendix B). The subject leaned forward and 

breathed through the snorkel until the water and scale became 

stable. The subject then exhaled m aximally, and signaled when 

exhalation was completed. Although subjects were encouraged to 

maximally exhale, the volume in the lungs was measured as weight 

was recorded, thereby elim inating possible error in RV. The 

underwater weight was then printed six times.

The subject rose up to a sitting position while breathing in and 

out deeply, at a rate of 1 cycle per 2 seconds for a total of seven 

times to equilibrate the air in the lungs with the oxygen in the 

rebreathing bag. This procedure was repeated for a total of 10 times 

with the last three trials used for calculation of residual volume. The 

trials were repeated if anything appeared to effect the weighing, for 

instance, if the subject breathed too early or too late or proper 

mixing did not appear to occur.

W hen the test was com pleted, the m outhpiece, noseclip , 

goggles, weighted vest and drape were removed and the subject 

stepped out of the tank. Rebreathing bags were then analyzed for 

oxygen and carbon dioxide content and results recorded. Subjects' 

body density and percent body fat were calculated. The subjects 

received a report of body composition along with supplemental 

fitness handouts. (See Appendix D).
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Residual Volume Determination.

Since residual volume estimations have considerable error, 

actual residual volume was measured using the formula developed 

by W ilm ore (1969) because of the form ula’s prevalence in the 

literature:

RV = V 02 x (b - a)/(i - d) 

where RV = residual volume

V 02 = initial volume of oxygen in the bag 

a = percent nitrogen impurity of the original 

oxygen

b = percent nitrogen of mixed air in the bag at

the point of equilibrium 

i = percent nitrogen in the alveolar air at the

beginning of the experiment

Estimation Equations 

Skinfold measurements and age were used in the following 

estim ation equations.

1. Sum of 4 Sites for the YMCA (YM CAI4)

Percent Fat = .29288 (14) - .0005 ( 1 4 2) + .15845 (AGE) - 5.76377

£ 4  = Sum of abdomen, ilium, triceps and thigh skinfold sites 
r = .901 SEE = 3.49% fat

2. Sum of 3 Sites for the YMCA (YMCAI3)

Percent Fat = .39287 (£3) - .00105 ( £ 3 2) + .15722 (AGE) - 5.18845

£ 3  = Sum of abdomen, ilium, triceps skinfold sites
r = .893 SEE = 3.63% fat
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3. Jackson and Pollock's Sum of 7 Sites (JPL7)

Body Density = (17 ) + .00000055 (LI2) - .00028826 (AGE)

LI  = Sum of chest, midaxilla, iliac, abdomen, thigh, subscapular and triceps 
skinfold measurements

r = .902 SEE = .0078

4. Jackson and Pollock's Sum of 3 Sites (JPX3)

Body Density = 1.109380 - .0008267 (13) + .0000016 (X 32) - .0002574 (AGE)

X3 = Sum of chest, abdomen and thigh skinfold measurements.
r = .905 SEE = .0077

5. Durnin and Womerslev's Equation (DW)

Body Density = 1.1339 - .0645 x LOG (X4)

X4 = Sum of biceps, triceps, subscapular and suprailiac skinfold measurements.

Once body density was determined, percent fat was calculated 

using the following equation.

6. Siri's Equation (Siri, 1961)

Percent Fat = [(4.95 +  Body Density) - 4.50] 100

Statistical Analysis

There were six levels of the independent variable (method of 

determining percent body fat) and one dependent variable (percent 

body fat). A one-way repeated measures analysis of variance (1RM- 

ANOVA) was used to determ ine if there were any significant 

differences between percentage of body fat from the five equations 

and percent fat from  underw ater weighing using S iri’s (1961) 

equation. Scheffe's Multiple Comparison Test was used as a post hoc
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test to determine which variables were significantly different. A 

Pearson Product Moment Correlation Matrix was also constructed to 

examine the relationship between percent fat derived from the five 

estimation equations and from underwater weighing.

Mean, range, and standard deviation were reported for skinfold 

values, residual volumes, body density determ ination, and for 

percent body fat from each estim ation equation. D escriptive 

statistics were also used for height, weight, age, and percentage of 

fat.

To determine whether the five estimation equations were valid 

at the extremes of the present sample population, the data was 

divided into two Subgroups, A and B. Subgroup A consisted of those 

subjects 1.5 SD below the mean of the distribution (<20%  fat), and 

Subgroup B consisted of those subjects 1.5 SD above the mean of the 

distribution (>41%  fat). The percent fat determined from underwater 

weighing of each subgroup was then compared to the percent fat 

determined by each of the five estimation equations.
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CHAPTER 4

Results and Discussion

The purpose of this study was to determine the validity of five 

generalized estimation equations for body fat percentage for males 

over 60 years of age. Ninety-seven males residing in Las Vegas, 

Nevada volunteered for this study. The raw data is presented in 

Appendix C.

Table 1 presents the physical characteristics of the subjects. 

The subjects' mean height (174.52 cm) and weight (80.95 kg) fell 

within values reported by other studies with over 60 year olds 

(Chumlea, Roche, & Webb, 1984; Fryer & Shock, 1962; Steen, 1979; 

Yearick, 1978) except for Vir & Love's study (1980) who reported a 

mean weight of only 66 kg.

Table 2 reports anthropom etric data from  sim ilar body 

composition studies on older populations. Chumlea, Roche, and Webb 

(1984) studied body fat and body size in older adults through 

underwater weighing and anthropometry (skinfolds at the triceps, 

subscapular, biceps, m idaxilla, chest, suprailiac and calf sites; 

circumferences at the chest, abdomen, bicep and calf sites). Vir and 

Love (1980) presented the mean values and frequency distribution 

of a set of anthropometric measurements (triceps, subscapular, and 

hand skinfolds; arm and abdominal circumference) on a group of 

instu tionalized  and non-institu tionalized  people over 65 years. 

Yearick (1978) studied the validity of relative weight as a measure



Table 1

Physical characteristics of subjects

V a r i a b l e M e a n SD R a n g e

Age (years) 66 4.53 6 0 -8 0
Height (cm) 174 .52 5.99 159-191
W eight (kg) 80.95 13.37 5 8 .7 -1 2 3 .6
Chest 12.25 5.6 4.5 - 30
M idaxilla 20 .57 8.18 7.0 - 44
Suprailiac 21.21 7 .40 8.0 - 41
A bdom inal 23.61 8.14 8.5 - 60
S ubscapu lar 20 .47 7 .82 8.0 - 50
Thigh 16.23 7.01 5.0 - 37
T riceps 14.50 4 .74 6.0 - 32
Biceps 9.89 4.75 3.0 - 20
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of adiposity on older people compared to skinfold measurements 

(triceps, subscapular and supriliac skinfold sites).

Skinfold thickness were generally larger in the present study 

than those reported in other studies for a comparable age group (see 

Table 2). The distribution of subcutaneous fat in this population 

agrees with the reports of other studies, where more fat was located 

in the trunk region as compared to fat located on the limbs. In the 

present study, larger thicknesses were found at the following sites 

as compared to other studies (Chumlea, Roche, & Webb, 1984; Vir & 

Love, 1980; Yearick, 1978): triceps (14.50 mm), suprailiac (21.21

mm), biceps (9.89 mm), and subscapular (20.47m m ) skinfolds. 

Smaller thicknesses were seen at the chest (12.25 mm) and midaxilla 

(20.57 mm) sites compared to the study by Chumlea, Roche, & Webb, 

(1984). There is no obvious explanation for the difference in these 

measurements. Results for the current study indicated a wide range 

of fatness as determined by underwater weighing which ranged from 

13% to 51%, with a mean percentage of body fat of 31.01% (SD =

6.811).

Table 3 reports that the mean body density determined in the 

present study fell within the range of values reported by other 

researchers, except for Latin, Johnson and Ruhling's results (1987) 

which were considerably larger. The variability in residual volume 

in this study (M = 2.284 liters, SD = .455) is similar to that of Latin 

and Ruhling (1986). As stated earlier, this variability is insignificant
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Table 3

Body density values of other studies for older populations

M ean
A uthor Age D ensitv RV

Fryer & Shock, 
1962

6 0 -9 8 1.0296 2.211

Latin, Johnson
& Ruhling, 1987 5 6 -7 0 1.0474 ± .0085 2.64 ± .41

Norris, 1963 6 0 -6 9 1.019 ± .021 NR
7 0 -7 9 1.022 ± .019 NR
8 0 -8 9 1.017 ± .017 NR

Present Study, 6 0 -8 0 1.029 ± .015 2.284 ± .455
1992
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since the measurement of RV occurred at the time of underwater 

w eighing.

Many times it is difficult to obtain accurate residual volume 

measurements while the person is submerged in water because the 

person is not com fortable holding his breath under water. An 

alternative may be to measure functional residual volume instead of 

residual volume at the time of underwater weighing. Functional 

residual volume (FRV) is defined as exhaling approximately 3/4 of 

maximal expiration. More research needs to be performed on using 

FRV versus RV during the underwater weighing process.

A one-way repeated m easures ANOVA indicated a significant 

difference between the six levels of the independent variable (F = 

2.24, p <.05) with five of the levels being estimation equations for 

percent body fat and one level being percent fat from underwater 

weighing. Scheffe's post hoc test indicated that all five equations 

were also significantly different from each other with the exception 

of Jackson and Pollock's (1978) Sum of 7 (JPX7) and Sum of 3 (JPX3) 

equations which were not significantly different from each other, nor 

were YMCA's Sum of 3 (YMCAX3) and Sum of 4 (YMCAX4) equations. 

The differences between JPX7/X3 and YMCA's E 3 /X 4  may be due to 

the different skinfold sites used for the two sets of equations. It was 

expected that these four equations would yield similar results since 

the equations were generated from the same database. Durnin and 

W omersley’s equation yielded the highest mean percent fat. With 

their elderly women subjects, Blanchard et al. (1990) also reported
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Table 4

Percent bodv fat from six methods

N=97

Mean % fat
M ethod Mean % Fat bv UWW D ifference

JP I7 20.70% 30.76% 10.06%
JP I3 20 .52 30 .76 10.24
YMCA14 23 .72 30 .76 7 .04
YMCA13 24 .56 30 .76 6.20
DW 34.12 30 .76 3.36
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that percent fat was high with the DW equation as compared to JP£3 

equation. The DW equation also resulted in the smallest percent fat 

difference as compared to underwater weighing. A comparison of all 

estimation equations used in this study is presented in Table 4.

A correlation matrix indicated the mean correlation for percent 

body fat was .744 between each equation and underwater weighing. 

The correlation coefficients (r) for each equation in this study ranged 

from .72 to .78, with JPX7 equation yielding the highest correlation, 

and DW ’s equation yielding the lowest correlation (See Figure 2). 

Table 5 com pares the correlation coefficients from the original 

sample population (with underwater weighing) and the correlation 

coefficient from the present study's population and underw ater 

weighing. Compared to the original sample, these lower correlations 

may be attributed to the fact that these equations do not reflect the 

effect of age on body composition beyond 60 years.

The data of this study also provide an opportunity to consider 

the five equations' effect on estim ation of body fat with two 

subgroups of the present study’s population. Subgroup A (n = 7) 

consisted of those subjects 1.5 SD below the mean of the distribution 

(<20% body fat); Subgroup B (n = 7) consisted of those subjects 1.5 SD 

above the mean of the distribution (>41% body fat). JPZ7, JPX 3, 

Y M C A £ 4 , and YMCAZ3 equations were more valid with leaner men 

over 60 years (Subgroup A). Durnin and Womersley's equation was 

not as valid with this leaner subgroup. Conversely, with the obese
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Figure 2

Correlation Matrix of percent body fat between five generalized 

estimation equations and underwater weighing

UWW 

JP 17  

JP 13  

YMCA 14  

YMCA S3 

DW

UWW JP S 7 JP S3 YMCA S4 YMCA S3 DW

1

0.776 1

0 .746 0 .97 1

0 .744 0 .944 0 .966 1

0 .732 0.97 0 .932 0 .974 1

0.72 0.861 0.811 0.823 0 .854 1
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Table 5

Comparison of estimation equation correlation coefficients for 

original population and current study population

Original Present Study
E quation_______________ Popula tion_____________ Population

J P I 7  .902 .78
JPS3 .905 .75
YMCAX4 .901 .74
YMCA S3 .893 .73
DW .7-.9 .72
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Table 6

Differences in the mean Dercent bodv fat at the extremes of the

d istrib u tio n

P R E SE N T  ST U D Y  PO PU L A T IO N (N = 9 7 )

U W W JP E 7 J P S 7 Y Z 4 Y X 3 DW

Mean %F 30.8% 23.7% 24.6% 20.7% 20.5% 34.1%

Difference 0  
between actual 
and predicted % fat

7.1 6 .2 10.1 10.3 -3 .3

SU B G R O U P  A (<20% fat) N=7

U W W J P Z 7 J P S 7 Y E 4 Y E 3 DW

Mean %F 17.8% 16.5% 17.8% 13.2% 12.8% 27.4%

D ifference  
between actual 
and predicted % fat

1.3 0 4 .6 5 .0 -9 .6

S U B G R O U P  B 0 4 1 %  fat) N=7

U W W JP X 7 J P S 7 Y S 4 Y X 3 DW

Mean %F 44.2% 31.6% 32.0% 28.9% 29.1% 41.0%

D ifference  
between actual 
and predicted % fat

12.9 12.2 15.3 15.1 3 .2
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group (Subgroup B), DW’s equation was more valid as compared to 

the other four equations (See Table 6).

In sum m ary, this study considered the valid ity  of five 

estim ation equations for predicting percent fat as compared to 

underwater weighing in men over 60 years. The subjects’ physical 

characteristics (height, weight, age, percent fat, and body density) 

were similar to other studies. Skinfold measurements were slightly 

larger at all sites except for the chest and midaxilla sites. There is no 

obvious explanation for these differences.

Statistical analysis (lw ay RM ANOVA) indicated that all five 

equations gave significantly  d ifferent percent fat resu lts than 

underwater weighing. A post hoc test indicated that all equations 

gave significantly  d ifferent results from  each other with the 

exception of JPZ7/JPX3 and YM CAX4/YM CAL3 equations which were 

not significantly different from each other respectively.

The DW equation yielded the highest percent body fat, the 

sm allest d ifference from underw ater weighing resu lts, and the 

lowest correlation with underwater weighing (.72) as compared to 

the other equations. JPX7 and JPZ3 equations yielded the lowest 

percent body fat, the largest difference from underwater weighing 

results, and the highest correlation with underwater weighing (.776 

and .746 respectively) as compared to the other equations.

Statistical consideration was also made regarding how well the 

equations predicted percent body fat at the extremes of the present 

study’s population (<20% fat and >41% fat). The DW equation was
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more accurate with obese individuals and the JP Z 7 /JP Z 3  equations 

were more accurate with the leaner subgroup.
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CHAPTER 5 

Sum m ary

The purpose of this study was to assess the validity of five 

commonly used body composition estim ation equations with men 

over 60 years of age. While there have been many estim ation 

equations developed for 18 to 50 year olds, few of these equations 

incorporate the over 60 year old population.

Many factors of aging affect body composition variables, and 

estim ation equations must account for these effects. Mean body 

density decreases with age, and may be accompanied by a shift of 

subcutaneous fat into internal locations. Underwater weighing is 

based on the two compartment of body composition. This two 

compartm ent model assumes that fat and fat-free tissues have a 

relatively constant density, however, these density values have been 

shown to change with age. These assumptions are a lim itation of 

converting body density (from underwater weighing measurements) 

to body fat percentage. Height and weight decline with age, as does 

vital capacity. Residual volume increases with age due to changes in 

lung elasticity and a corresponding loss in thoracic muscle mass.

Subjects were scheduled for two laboratory sessions: an

orientation, and a data collection session. Height, weight, skinfolds, 

residual volume, and body density through underw ater weighing 

were measured. Various combinations of these variables were used 

in the five estimation equations (JPZ7, JPZ3, YMCAZ4, YMCAZ3, DW)
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to predict either body density or percent body fat. S iri’s (1961) 

equation was then used to predict percent body fat from body

density, and percent body fat from each equation was compared to 

the underwater weighing results.

The subjects were ninety-seven apparently  healthy adult 

males, aged 60-80 years (M=66, SD=4.53) and varying in height 

(M=174.5 cm, SD=5.99) and weight (M=80.95 kg, SD=13.37). The

subjects’ height, weight, and percent body fat were similar to other

comparable studies. More subcutaneous fat was located in the trunk 

region than on the limbs.

All five equations yielded significantly different percent fat

results than underwater weighing. However, Jackson and Pollock's 

(1978) Sum of 7 and Sum of 3 equations were not significantly 

different from each other, nor were YMCA's Sum of 3 and Sum of 4 

equations from each other. Correlation coefficients between the five 

equations and underwater weighing were relatively high (.72-.78), 

although they were considerably  low er than the co rrelation  

coefficients reported by the original authors for each equation.

Considering the effect of these five equations on an obese 

subgroup (>41% body fat) of the present study’s population, Durnin 

and W omersley's equation was more accurate, and the other four 

equations less accurate. With a leaner subgroup (<20% body fat), the 

effect was just the opposite.
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Conclusions

1. All five estim ation equations gave significantly  d ifferent 

percent body fat results than underwater weighing in an over 

60 year old population. These five equations are not as valid 

with an over 60 male population.

2. Caution needs to be employed when estimating percent body 

fat in this population. It may be more appropriate to use 

Durnin and W omersley’s equation with more obese populations 

(>41%) and any of the other four equations with a leaner (<20%) 

population .

R ecom m endations 

Based on the experience of this study, the follow ing 

recommendations are given for future research.

1. To increase the generalizability of the five equations used in 

this study, skinfold data on older individuals (>60 years) should 

be included in the regression models for each of the following 

equations: JP I7 , JP I3 , YM CAI4, YMCAX3, DW.

2. Population specific equations should be developed specifically 

for older populations.

3. The current equations for converting body density to percent 

body fat (Siri, 1961; Brozek & Keys, 1953) need to be re­

evaluated and/or new equations need to be developed to 

account for the age-associated changes in body density.
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4. The procedures used in this study for obtaining residual volume 

at the time of underwater weighing should be assessed for 

re liab ility .

5. This study should be repeated with women over 60 years of 

age.

6. Further research needs to assess differences within the over 60 

year old age group. For example, 60-64 years, 65-69 years, 

70-74 years, etc.
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C O N SEN T TO PA RTIC IPA TE IN A R ESE A R C H  STUDY 
UNIVERSITY O F NEVADA, LAS VEGAS

TITLE: V alidation of cu rren t body com position  p red iction  e q u a tio n s  for m en
over 60 y ea rs  of a g e

S U B J E C T S :  100 m ale su b je c ts  60 y e a rs  of a g e  an d  o ld e r with no re sp ira to ry
a ilm en ts

P R O C E D U R E S : U n d erw a te r w eigh ing , sk in fo lds, re s id u a l lung vo lu m e , h e ig h t an d
w eigh t will b e  m e a s u re d  on  e a c h  p a rtic ip an t. T h e  p o sitio n  for 
u n derw ater w eighing is sitting c ro ss-leg g ed  and  lean ing  forw ard w here  
you will b e  a sk e d  to  b re a th e  th ro u g h  a  m o u th p iece  with your n o se  
clipped. You will th en  hold your b rea th  for approxim ately  5 se c o n d s . 
S k in fo lds req u ire  th e  p inch ing  of th e  skin in s e v e n  lo c a tio n s  to  
determ ine  fat th ick n ess . B io-im pedance requ ires th a t you lie dow n flat 
for approxim ately 2 m inutes. All m easu rem en ts  will b e  d o n e  in o n e  day 
and  will tak e  le s s  th an  two hours.

R IS K S : T h e re  a re  virtually  no risk s  a s s o c ia te d  w ith th is  s tu d y  s in c e  no
e x e rc is e  no r s t r e s s  is involved. T h e re  m ay b e , how ever, so m e  
discom fort from th e  pinching of skin with skinfold m e a su re m e n ts ; from 
holding th e  b re a th  w hile u n d e rw a te r ; o r from  sitting  c ro s s - le g g e d . 
Tripping o r falling a re  a lw ays possib ilities , how ever, ev e ry  effort will 
b e  m ade  to e n su re  your safety .

C O N FID E N T IA L IT Y  T he d a ta  co llected  on  e a c h  sub jec t will b e  availab le  to  only re sea rch  
personnel. N am es, a d d re s se s , p h o n e  num bers will not b e  g iven ou t with 
explicit perm ission  of th e  partic ipan ts, nor will n a m e s  b e  u se d  in any 
re p o rts . E ach  p a rtic ip an t will re ce iv e  th e ir indiv idual re su lts  w hen  
an a ly s is  is com plete .

RIGHT TO  R E FU SE  O R  WITHDRAW FROM THE STUDY:
You m ay re fu se  to  partic ipa te  o r w ithdraw  from th is study  a t an y  tim e.

In sign ing  th is  C o n sen t Form , you ind icate  th a t you a re  a  vo lun teer for th e  a b o v e  study;
th a t  you  u n d e rs ta n d  its p u rp o se , te s tin g  p ro c e d u re s  a n d  risk s; an d  th a t  all of your
q u estio n s h ave  b e e n  answ ered .

S ig n a t u r e  o f  P a r t i c i p a n t D a te

P r in t  N a m e  o f  P a r t ic ip a n t D a te

S ig n a t u r e  o f  W itn e s s D a te
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O R IE N T A T IO N  O U T L IN E
IN T R O D U C T IO N
A . Beth and Dahn: Graduate Students in E xercise  P h ysio logy  perform ing 2 

separate projects using  the sam e volunteers.
B. Purpose for O rientation - To fam iliarize them with what our research  

in vo lves and what exactly they need to do as participants. There is a 
learning e ffec t with one o f  the procedures and they need to be fam iliar 
with it and practice it.
1. B eth ’s T hesis

a. W hat is  body com position?
b . W hy is  it important for an individual to know their %bf?
c . What are the ways to estim ate bf? Prediction equations

2 . P a h n ’s Project
a . W hat is  b io-im pedance?
b . W hat is  involved  with the procedure?
c . P a rtic ip a n t  Guidelines  - these item s may effect the results we get so 

p lease fo llow  them. * Em phasize 4-5  hours and scheduling  
appointm ents. The bottom portion o f  this sheet is  where w e w ill 
write down your testing date and tim e so you have a written copy o f  
th is  in form ation .

W H A T DO W E  NEED TH EM  TO  DO?
A . S chedu le a 1 hour testing appointm ent at there con ven ien ce , keep ing  in 

m ind the in fo  re: bioim pedance.
B. At the testing session , the fo llo w in g  m easurem ents w ill be taken:

H eight and W eight
* B io - im p e d a n c e
S k in fo ld /c ircu m feren ce m easurem ents - show  equip  and sites  
U n d erw a ter  w e ig h in g

* G o over sp ecifics o f  procedure, trials
* S ince procedure is com plicated, w e have made a v id eo  to fam iliarize  

you with the specifics. SHOW FILM; PRACTICE
* A re there any questions?

C  Paperwork to be com pleted  - do not hand out papers until this is com plete
1. P a r t ic ip a n t  G uidelines  - any questions?
2. Q u e s t io n n a ir e  - its purpose is to identify personal lim itations (i.e ., 

nonsw im m er, in flex ib ility , som eon e w ith respiratory prob lem s). W e 
w ill review  the questionnaire before w e schedule you to m ake sure 
there are no problem s.

3. Inform ed Consent  - Standard paperwork that explains what the 
research study in vo lves, what the risks and benefits are, what you are
required to do, and that you may withdraw at any tim e. P lease read it
carefully  (ask questions i f  you have any) and g iv e  to us.

4 . Schedule a testing appoin tm ent  when you have com pleted the 
paperwork. (Write Room 206 on their appointment sheet). Include 
p a rk in g  perm it.

5. R e s u l t s  - Report w ill be sent to your address with the fo llow in g  
inform ation: reiterate body com p osition  in fo , m ethods, your personal 
resu lts , any supplem ental inform ation you  have requested .
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“VALIDATION OF BODY COMPOSITION PREDICTION EQUATIONS 
FOR MEN OVER 60 YEARS”

QUESTIONNAIRE

1. Name_____________________________________________  Phone Numbers:

2 . Address _____________________________________________  H om e______

_____________________________________________ Work_______

3 . Date of B irth__________________ A ge___________

4 . Are you currently taking a diuretic? If so, please list the type.

5 . Do you have any respiratory ailments? If so, please describe..

6 . Do you have any back, knee or neck problems? If so, please describe.

7 . Do you swim? Please describe. ___________________________________________

8 . Does putting your head under water bother you? ___________________________

9 . Do you have poor flexibility in your low back, leg area? if so, please describe.

10 . Have you ever smoked cigarettes, cigars (regularly)? If so, please describe.

1 1 . How do you consider your current physical fitness activity? (Light, moderate, 

strenuous.) Please describe. _________________________________________________

12 . Have you ever competed in the Senior Olympics? If so, please list events and years 

competed (i.e., swimming 1989-1991). ______________________________________
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UNLV EXERCISE PHYSIOLOGY 
RESEARCH STUDY

TITLE: Validation of current body composition prediction
equations for men over 60 years of age.

PARTICIPANT GUIDELINES

So that we don’t waste your time, we have developed a few 
guidelines for participating in this study. While they may 
seem trivial, they do effect the outcome of our results. On 
the day that you are scheduled for testing, please 
avoid the following:

* No food 4-5 hours prior to testing
* No caffeine 4-5 hours prior to testing
* No strenuous exercise 12 hours prior to testing
* No alcohol 24 hours prior to testing
* No diuretics prior to testing (heart medication or
steroids)

* Bring swim trunks, a towel and your smile!

NAME:___________________
TESTING DATE:______________
TESTING TIME:______________

THANK YOU!!!

Beth Kelley/Dahn Shaulis UNLV Exercise Physiology Lab 
(702) 739-3767 or (702) 897-2474



5 6

“ V A L ID IT Y  O F  B O D Y  C O M P O S IT IO N  P R E D IC T IO N  E Q U A T IO N S  
F O R  M EN  O V E R  6 0  Y E A R S ”

NAME___________________________________________  DATE_____________

A. MISCELLANEOUS DATA

1. Heiaht in cm Informed Consent?

2. WefcjTt________ lbs  kg Questionnaire?_______ Age

B. SKINFOLD MEASUREMENTS (mm)

1 Pectoral 4. Suprailiac 7. Triceps

P Midaxilla 5. Abdomen 8. Scapula

3. Ilium 6. Thiqh 9. Biceps

C. UWW-VALUES

1. Sinker Wt gm 4. PureC02

2. LandWt gm 5. H20Temp °F

3. Pure 02 6. H20 Density

a. FRV# Vb a. RV# Vb

0/r O 2 %C02 % 0 2 ° /r C 0 2

Mean Weight gms Mean weiqht ams

Comments Comments

h. FRV# Vb b. RV# Vb

°/Q2 %C02 % 0 2 %C02

Mean Weight gms Mean weiqht ams

Comments Comments

c. FRV# Vb c. RV# Vb

°/rC Q . %C02 % Q 2 %C02

Mean Weight gms Mean weiqht ams

Comments Comments
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Appendix B

Calibration Procedures

Oxygen and Carbon Dioxide Analyzers 

Solenoid Timer

Experim enter Instructions
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CALIBRATION OF OXYGEN AND CARBON DIOXIDE ANALYZERS

A . EQUIPMENT 

O 2  analyzer 

D rie r ite  

S c re w d r iv e r  

C al G a s  - 100%  nitrogen 

C O 2  analyzer

Cal G as  - 75%  O 2 , 5%  CO2 

Sam ple G as B ags

1 . Turn th e  pow er on for both ana lyzers , and  allow  them  to  w arm -up  for 1/2 hour.
2 .  V acuum  out sam p le  b ag s , and  fill o n e  bag with nitrogen (N2 ) cal g a s , and  o n e  with 

O 2 /C O 2  m ixture. (Fig.1)
3 .  A ttach sam p le  bag  filled with N2  to  analyzer. T he read ing  for both  an a ly zers  shuld 

b e  zero ; if not, ze ro  an a ly zer with th e  zero  know  on  th e  m ach in es by turning know  
slowly in a  coun terc lockw ise  direction.

4 .  C alibrate th e  m ach in es by introducing O2 /C O 2  ca l g a s .  Adjust sp a n  knob to read  
p e rcen t of ca l g a s  correctly, in th is c a se , 75%  O 2 . 5%  C O 2 .

B. EBQCSWES

D

O p ANALYZER 
A -  S p an  Knob 
B -  Zero Knob 
C -  Pow er

CQ?.&MALXZER 
A -  Pb/%  CO2  Knob 
B -  Zero Knob

C  -  Pow er
D -  Display %C>2 D m  Display % C 0 2
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RESIDUAL VOLUME SCHEMATIC

KYM OQRAPH VACUUM PUMP .W ITC H

MAIN 0 2  VALVE 0 2  CYLINDER VALVE A 
©  Open 
d  Ctoeed

RELEASE VALVE

2 STAGE REGULATOR SOLENOID TIMER

A. TO CALIBRATE SYSTEM:
1. Close the release valve
2. Open Valve A - so 02  goes to spirometer
3. Take pen cap off Kymograph pen and set pen 

to "zero liters*
4. Open Main 02  Valve by turning knob slightly 

counter-clockwise. 2 Stage Regulator 
should always be left open, thus, it needs 
only slight adjustments.

5. Press Start Button on the solenoid timer 
which delivers S liters of 02/5 seconds. Note 
reading on kymograph and
a. If it is above 5 liters, slightly decrease 

the psi via the psi adjustment knob. If it 
is below, slightly increase psi 
adjustment knob

6. Open the release valve to flush 02  out of 
spirometer (spirometer bell should fall).

7. Repeat this procedure until the system is 
calibrated to deliver 5 liters of 02  in 5 
seconds.

B. TO FILL BAGS:
1. Change valves to filling positions:

Close the release valve
Close Valve A 
Open Valve B

2. Flush entire system with 0 2  by pressing the 
start button (to relieve system of any mixed 
air).

3. Tightly attach black rebreathing bag to 
Opening #1 and open the rebreathing bag 
valve.

4. Press Start Button - 5 liters of 02  will be 
delivered to rebreathing bag.

5. Close Valve C. Turn on vacuum pump
switch.

6. Repeat Step #4. Close rebreathing bag 
valve.

7. Attach rebreathing bag to hosing • you are 
now ready to begin collecting RV sample.

C. TO USE VACUUM:
1. Rebreathing Bags:

a. Attach rebreathing bag to Opening #1 
and open its valve.

b. Close the release valve and open 
rebreathing bag valve

c. Turn on pump switch until bag is 
completely vacuumed

d. Turn off rebreathing bag valve
e. Turn off pump switch

2. Sample Bags
a. Insert rubber stopper (marked 'sample 

bag vacuum*) into opening #1
b. Attach sample bag to tubing of rubber 

stopper
c. Open sample bag stopcock as well as 

close Valve B
d. Turn on pump switch
e. Close sample bag stopcock and turn off 

pump



6 0

EXPERIMENTER INSTRUCTIONS 
FOR THE DETERMINATION OF UNDERWATER WEIGHT

Italized words are experimenter notes and are not instructions given to subjects.

TANK ENTRY: (S ee  Figure 1 for Tank Schem atic)
1. Step dow n onto the gray stepping platform .
2. Step onto the bottom  o f  the tank on the black painted feet. B e careful

not to stand on the w eigh in g  sca le . R em ain standing w h ile  you  are 
fitted w ith a w eighted vest.

3 . S it dow n on the w eigh ing  sca le  in a cross-legged  position , or you may
p lace your leg s  in front o f  you as long as they are not touching the
bottom or sides o f  the tank.

4 . T his w eighted drape is to be placed over your knees or lap.
5 . N ow  you w ill be fitted with the m outhpiece you tried on earlier. I w ill

p lace th is n o sec lip  on your nose; m ake sure you ca n ’t breathe through
your nose. G oggles are available i f  you would like them.

6. Grab onto the 2 handles on each side o f  the w eighing scale.
7 . Experimenter verifies that subject is comfortable.

PRACTICE TRIALS
1. To a llow  you to becom e com fortable breathing into the snorkel, I w ould  

like you to lean forward and just p lace your face in the water. Breathe 
com fortably a few  tim es through the snorkel. (Sit up and adjustments  
are made if  necessary.)

2 . N ow  I w ou ld  lik e  you to lean forward to m ake sure that you  can
com fortably subm erge your entire head and body underw ater. If  your
head is still sticking out o f  the water, I w ill tap the top o f  your head so
try to lean forward a little more. (Sit up and adjustments are made if
necessary . I f  the subject  cannot com fortably subm erge, a lterna tive  
positions are made to allow fo r  this.)

3. Once the experimenter and subject are comfortable with this procedure,  
the data collection can begin. Practice trials fo llow  the instructions fo r  
b e lo w .

UNDERWATER WEIGHT/RESIDIJAL VOLUME DATA COLLECTION
1. Experimenter gives entire data  co llection  instructions p r io r  to actual  

collection. The instructions are  then repea ted  while the su b jec t  is 
perform ing the underwater w eigh ing  procedure .

2. One trial w ill go  som ething like this:
a . Take a deep breath in and s lo w ly  lean forward. It’s im portant to

m ake sure the water rem ains sm ooth and still so  the w eigh in g  sca le
d o e sn ’t m ove around.

b . W hen you are com pletely  subm erged (rem em ber that I w ill tap you
on the head i f  your head is stick ing out o f  the water) you w ill b low  
out all your air.

c . O nce you have blown out all your air, you need to g iv e  m e a signal 
w ith your le ft hand. Your left hand w ill be h o ld in g  on to the
handles on the w eighing sca le , so  there is no need to lift your w hole
hand out o f  the water. Just lift up one o f  your fingers, i.e ., your left
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index finger. This lets me know  that all o f  your air is out o f  your 
lu n g s .

d. You w ill hold your breath and sit still for 3-4  seconds w hile I record 
your w eight. You can hear the printer printing your w eight (loud  
sou n d  u nderw ater).

e . O nce I ’ve gotten your w eight, I w ill te ll you when to breath. Once
I ’ve g iven  you the signal to breathe, you can s it up and it d o esn ’t
m atter i f  the w ater m o v e s  b eca u se  I ’v e  already recorded  your
w e ig h t .

f .  For the breathing part, you  w ill breathe in and out at a rate o f  one 
cy c le  per 2 seconds. The breaths need to be fairly large because we 
want the air in your lungs to travel through th is tube to the black
bag that contains pure 0 2 -  W e have to make sure that the 0 2  in the
bag is adequately m ixed with the air in your lungs.

g .  I w ill count the breaths for you so you w on ’t have to worry about the 
pace. So y o u ’ll breathe in and out, in and 2 , in and 3, in and 4 , in and
5, in and 6 then I w ill say “last on e,” and you w ill take a deep breath
in and then b low  out all your air just like you did a m inute ago  
u n d e r w a te r .

h . So, one trial consists o f  slow ly  leaning forward, b low in g  out all your 
air, g iv in g  m e a signal w hen y o u ’re are done, hold  your breath 3-4
seconds, breathe in and out 7 tim es.

i. I need to have good trials, so w e w ill do several practice trials, about 
4  or 5.

I w ould like you to lean forward so that your entire head and body are 
underwater. M ake sure you lean forward slow ly  so that the water 
rem ains sm ooth and still.

3. Any questions? Okay, le t ’s practice.
4 . The trials are repeated with the following cues:

a. W henever you are ready, you w ill take a deep breath, s lo w ly  lean  
forw ard, b low  out all your air, g iv e  m e the sign al w hen you  are 
fin ish ed  b lo w in g  out, hold  your breath for 3 -4  seco n d s w h ile  I 
record your w eight, and then you w ill breathe in and out 7 tim es.

MISCELLANEOUS INSTRUCTIONS
1. W h ile  you  are underw ater, you  w ill be able to hear m e. I ’ll be 

rem inding you  o f  what you are supposed to do, so you  d o n ’t need to 
rem em ber. I te ll you the procedure first, so  you know  w here w e are 
g o in g .

2 . Rem em ber, you can sit up w hile  you are breathing in and out 7 tim es. I 
w ill p lace my hand on your forehead and gently  gu ide you out o f  the 
water, so y o u ’ll know when it is okay to sit up. After you sit up, keep 
your eyes c losed  and I w ill w ipe the water/chlorine out o f  your eyes.

3. Subjects are constantly checked on as to how they are doing. They are 
given breaks between tr ia ls  whenever they like. Sub jec t  is coached  
during all stages o f  testing to assure proper  procedures.

4 . For those individuals who can’t hear they are told to lean forward, blow  
out all their air, give me a signal, then I would lift their forehead out o f  
the water. When they fee l  my hand on their forehead, that is their cue 
to begin breathing. As with all subjects, experimenter uses hands as a 
visual cue fo r  the breathing pace.
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Appendix C

Raw Data
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ID# Aq* HT cm WT kg SF P*c SF Mid SF Abd SF ThlgH VUwap SF Trl SF BJ

1 65 173.4 69.28 4.5 8.5 8.5 7 12.5 8.5 •
2 65 177.8 77.56 7.5 13 12.5 6 14.5 10 •

3 72 174 78.15 7.5 14 12 8 17 8 •

5 73 169 69.2 13 16 15 9 17 9.5 •
7 65 172 58.67 6.5 9 10 10 13 10 •

9 68 174 95.28 11 25 18 7.5 19 7.5 •

10 70 176 85.27 12 15 14 10 17 11.5 •
11 63 168 75.85 16 19 22.5 21 12.5 17 •
12 67 173.5 82.73 10 13 25 26 17 19 •
13 69 180.5 122.23 30 37 40 26 40 26 •
14 60 174 82.91 1 7 21 21 15 24 14 •

15 60 172 75.13 16 20 29 25 15 19 •

17 63 172.5 69.95 19 16 24 27 16 17 •

18 62 167 81.97 17 19 27 17 23 18 •

19 66 167 64.89 17 17 17.5 13 21 14 •

20 64 166 80.5 15 24 20 21 19 19 •

22 66 175.5 85.92 19 39 34 27 40 32 •

23 66 177 100.58 27 40 34 28 25 29 •

24 67 182 88.16 13 12 24 20 15 15 •

25 68 170.5 82.19 15 26 19 22 17 13 13
26 68 178 77.56 13 16 21 11 8 13 6
27 61 176.5 70.43 7 12 18 10 16 16 12
28 70 167.5 59.61 6 10 11 18 11 10 8
29 60 173 65.86 17 18 25 7 15 1 1 5
30 63 170.5 88.03 21 24 25 20 29 12 16
31 63 189 83.12 17 13 27 11 15 13 8
32 63 176.5 90.47 21 28 32 19 25 22 18
33 71 176.5 81.84 16 20 22 15 28 14 8
34 69 182 88.39 15 22 24 13 23 1 8 15
35 68 182 96.52 23 26 30 21 27 21 18
36 62 182.5 84.15 19 30 26 23 23 18 13
37 65 176 73.8 14 17 18 12 11 9 8
40 62 173 69.27 14 15 18 15 12 12 4
41 74 172 60.82 5 8 9 12 11 8 3
42 68 179.5 98.13 15 23 30 20 33 18 12
43 61 174 95.65 7 19 17 10 21 12 7
44 69 172 88.22 10 27 23 18 15 15 13
45 63 171 77.25 20 20 30 15 22 17 8
46 72 180 80.29 17 20 21 15 17 12 5
48 67 178.5 66.09 8 8 15 12 13 11 8
49 65 173.5 61.68 7 10 24 20 13 12 4
51 62 180 90.02 18 15 28 37 22 16 11
52 68 173 75.77 16 16 20 22 17 20 8
53 63 175.5 91.86 24 23 41 35 21 16 11
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ID# Age HT cm WT kg SF Pec SF Mid SF Abd SF Thigh SF SubBcap SF Tri SF Bi
54 73 168.5 78.59 18 30 29 17 20 1 7 9
47 69 177.5 108.08 21 24 35 35 32 20 8
55 60 176.5 80.53 9 14 26 22 16 14 5
56 69 187.5 93.22 15 20 25 17 1 9 15 6
57 60 176.5 74.68 1 0 17 17 14 20 12 7
58 67 167.8 78.14 19 22 17 8 34 17 17
59 69 176 91.39 23 23 24 1 9 28 22 12
60 60 179.5 73.89 1 0 15 16 8 15 10 6
61 62 191 102.14 17 28 30 16 18 17 10
62 67 165.5 72.7 15 14 17 12 22 13 1 1
63 60 175 81.47 1 9 29 24 20 22 14 12
64 65 175.5 89.78 20 24 24 8 1 8 15 14
65 66 170.5 76.86 15 16 18 9 1 8 8 8
66 62 181 65.99 9 9 1 8 6 1 1 7 5
67 76 166 95.32 1 8 31 34 8 32 14 13
68 65 172 72.33 15 17 32 14 1 8 14 8
69 71 17.7 93.48 15 28 19 1 1 24 15 9
70 66 159 69.82 1 1 24 30 16 17 15 14
71 60 171 71.15 12 18 27 20 14 14 8
7 2 60 174 74.46 1 8 20 26 27 25 21 15
73 71 175.5 91.36 18 21 27 11 28 15 16
7 4 6 2 178 95.76 18 32 32 15 24 17 9
75 77 174 66.95 11 14 13 1 1 17 1 1 9
76 75 175.5 66.22 9 14 12 9 12 9 5
77 61 169 66.38 1 1 15 17 21 13 12 9
78 62 181 89.96 22 25 34 16 24 15 10
79 62 172.5 80.32 14 27 20 21 18 17 12
80 75 171 90.11 22 35 26 16 • 15 18
81 72 177 73.84 14 22 19 10 20 13 5
82 75 173.5 65.89 9 9 13 10 11 13 6
83 63 186 92.66 17 19 20 14 24 17 15
84 65 174.5 87.59 12 18 26 15 24 13 8
85 69 164 74.47 22 32 36 16 26 16 11
86 65 181 87.21 17 17 28 22 27 19 11
87 68 183.5 86.49 15 16 25 24 14 15 12
88 65 166.5 65.32 12 21 18 5 25 8 5
89 70 171.5 74.95 20 21 21 1 0 2 7 10 10
90 69 177.5 89.6 20 30 30 25 23 18 16
91 63 166.5 63.31 1 1 14 21 1 1 14 13 8
92 68 164 123.6 28 43 60 24 45 20 1 1
93 60 175 62.02 5.5 7 14.5 9.5 10 6 5
94 80 175.3 68.51 21 25 24 22 19 19 16
95 69 178 74.38 14 21 26 10 22 12 10
96 70 179 80.05 12 16 20 8 1 1 7 4
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ID# Age HT cm WT kg SF Pec SF Mid SF Abd SF Thigh SF Subscap SF Tri SF Bi
97 65 185 94.71 26 40 33 1 5 32 17 1 7
98 64 182.5 99.05 1 9 24 37 1 2 28 15 1 2
99 64 176.5 94.55 21 30 20 1 7 34 8 7

100 65 166 63.57 9 14 29 20 15 12 8
1 01 67 178 77.59 1 6 25 20 9 1 9 1 2 8
102 62 162.5 73.16 1 0 12 18 13 1 1 13 6
103 60 174 69.06 13.5 15 25 18 1 7 1 0 7
104 68 173 116.99 30 44 40 34 50 25 20
105 73 160.3 60.91 8 1 1 16 17 16 7 6
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ID # DW%F RV1 RV1 Db RV1 % F RV2 RV2 Db RV2 % F RV3
54 35.2185 2.214 1.0206 35.0267 1.7572 1.0186 35.9554 •

47 41.2947 2.7566 1.023 33.8491 2.1791 1.015 37.6691 •

55 31.8607 2.6392 1.0368 27.438 2.7432 1.0374 27.1386 •

56 33.5109 2.5562 1.0315 29.8838 2.7205 1.0314 29.9328 •

57 32.9823 2.0463 1.0351 28.1943 2.0548 1.0352 28.1541 •

58 39.5413 2.5538 1.0294 30.8826 1.4812 1.0165 36.9447 •

59 39.7098 1.9313 1.0094 40.3775 1.9003 1.004 43.0232 •

60 30.6406 2.0714 1.0278 31.6034 1.8402 1.0305 30.3566 •

61 35.8914 3.309 1.021 34.8162 3.3264 1.0196 35.4637 •

62 34.512 1.97 1.0403 25.8469 1.7321 1.0386 26.593 1.8135
63 36.1087 2.0321 1.0241 33.365 1.7667 1.0243 33.2659 1.8135
64 35.8914 2.3876 1.0261 32.3931 2.1081 1.0218 34.4337 •

65 31.8607 2.2192 1.0374 27.155 1.9158 1.0365 27.5692 •

66 27.4223 2.7776 1.0586 17.6169 2.478 1.0479 22.3556 •

67 39.3707 2.0105 1.0255 32.6717 2.1134 1.0258 32.5557 •

68 34.2683 1.79 1.0291 31.0037 1.8609 1.0269 32.0335 •

69 36.5336 2.1432 1.0181 36.1829 1.9358 1.0158 37.2812 •

70 36.9462 1.6573 1.0245 33.152 1.3753 1.0212 34.7353 1.579
71 33.5109 2.3377 1.0178 36.3516 2.5797 1.0219 34.4053 •

72 39.7098 1.7724 1.0113 39.4646 1.6298 1.0091 40.5125 1.6471
73 39.0235 3.2413 1.0294 30.8814 2.7064 1.0209 34.8509 •

74 37.5434 1.8922 1.0289 31.0929 1.7491 1.0259 32.4825 •

75 31.5656 2.2775 1.0416 25.2528 1.9643 1.04 25.9503 2.0338
76 28.2056 2.5666 1.0553 19.0638 2.3471 1.0503 21.2878 •

77 31.5656 2.4251 1.04 25.9542 2.0053 1.0332 29.0846 1.9561
78 37.1481 2.3115 0.9896 50.2212 2.0254 0.9878 51.0993 2.1349
79 35.6706 2.1349 1.0308 30.2304 2.1873 1.0289 31.1003 2.1739
80 33.5109 1.7399 1.0332 29.1019 1.7 1.0297 30.7298 1.7172
81 32.4328 3.1054 1.0327 29.3127 2.8757 1.0343 28.5772 3
82 28.9464 2.6642 1.0403 25.8459 2.4663 1.0413 25.3691 2.4801
83 37.1481 2.3433 1.0453 23.5658 2.5061 1.0423 24.9265 2.4331
84 35.4464 2.3402 1.0358 27.8914 2.3266 1.0324 29.4795 2.525
85 38.6676 2.735 1.0233 33.7379 2.2714 1.0157 37.3712 2.0351
86 39.1982 3.8181 1.0276 31.6967 3.3323 1.0227 33.9973 3.8086
87 33.768 3.3892 1.0241 33.3723 3.2337 1.0204 35.1121 2.8998
88 32.1497 1.8471 1.0449 23.7521 1.8752 1.0441 24.111 1.6583
89 37.1481 2.448 1.0315 29.8973 2.1049 1.0234 33.6759 1.9935
90 39.8764 2.0471 1.0133 38.517 1.7031 1.0112 39.5025 1.8362
91 32.9823 2.6829 1.0463 23.1105 2.5047 1.0452 23.5984 2.2352
92 43.8985 1.9406 1.0081 41.0471 1.8131 1.0055 42.313 2.0343
93 25.7062 2.144 1.0602 16.898 2.2983 1.0588 17.4937 2.1831
94 38.1166 2.4182 1.0268 32.1032 2.3237 1.0221 34.3119 2.3909
95 35.2185 1.9909 1.0224 34.1464 1.9391 1.021 34.8205 1.9026
96 28.2056 2.5681 1.0265 32.2137 2.5069 1.0262 32.3742 2.5069
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ID # DW%F RV1 RV1 Db RV1 % F RV2 RV2 Db RV2 % F RV3
97 40.9914 2.6082 1.0325 29.4026 2.4998 1.0308 30.1926 2.4083
98 39.8764 2.942 1.0142 38.0923 2.8314 1.0197 35.4396 2.6661
99 36.3228 1.8151 1.0182 36.1567 1.8337 1.0195 35.533 •

100 32 .4328 2.1714 1.0402 25.8546 1.7487 1.0332 29.1064 2.204
101 32.9823 2.4424 1.0293 30.9193 2.174 1.0266 32.1656 2.2222
102 31.2641 1.9332 1.0384 26.7148 1.7061 1.0373 27 .1957 1.7747
103 28.581 2.6375 1.0362 27.6909 1.918 1.0306 30.3045 2.0021
104 45.4453 3.3242 1.0124 38.9568 2.1415 1.0023 43.8647 1.9991
105 29.3024 2.519 1.0292 30.9694 1.7955 1.0371 27.2735 1.6471



68

ID# S F  lliunr Y S4 % F Y S3 %F J P  Db7 JP S 7  % F JP D b  3 JP S 3  % F DW Db
1 11.5 14.3026 15.4547 1.0737 11.0438 1.0768 9.7146 1.0486
2 12 15.577 17.4151 1.0693 12.9074 1.0722 11.6519 1.0443
3 15 17.314 18.6841 1.0648 14.8976 1.0693 12.9097 1.0437
5 1 1 17.8461 19.002 1.06 16.97 1.0622 16.0173 1.0421
7 8.5 15.0702 15.4547 1.0697 12.7472 1.0719 11.8119 1.0461
9 15.5 18.0394 19.9288 1.0584 17.6966 1.0638 15.2982 1.0421

1 0 15.5 18.9641 20.2457 1.0612 16.436 1.0637 15.368 1.0324
1 1 20 24.5553 24.4524 1.052 20.5234 1.0496 21.5905 1.0391
12 22 27.5653 26.7833 1.0493 21.7333 1.0477 22.4819 1.0197
13 38 34.7937 35.2463 1.0273 31.8327 1.027 31.9855 1.0033
14 23 22.459 23.5728 1.0526 20.276 1.0546 19.3655 1.0238
15 22 27.0543 26.6744 1.0475 22.5759 1.0439 24.1802 1.0222
1 7 20 26.12 24.8519 1.0469 22.8343 1.0431 24.5312 1.0249
1 8 27 26.1659 27.4789 1.0498 21.4963 1.0489 21.9022 1.0211
1 9 20 21.5046 22.7172 1.0555 18.9878 1.0567 18.4247 1.0282
20 29 26.4828 26.8123 1.0493 21.7554 1.0516 20.6984 1.0222
22 35 33.9906 34.2381 1.0311 30.0724 1.0365 27.5708 1.0046
23 36 33.8252 33.8723 1.032 29.6396 1.0315 29.8888 1.0115
24 15 23.7875 23.5809 1.0534 19.9086 1.0502 21.334 1.0306
25 19 23.7266 22.8915 1.0478 22.4107 1.0506 21.1597 1.0232
26 22 22.3893 24.2941 1.0611 16.4886 1.0579 17.9014 1.032
27 1 9 20.3686 22.3497 1.0656 14.5302 1.0667 14.0462 1.0187
28 13 19.2055 18.0468 1.0626 15.8191 1.0644 15.0562 1.0335
29 17 19.516 22.1912 1.0603 16.8284 1.0573 18.1872 1.0279
30 27 25.2925 25.6368 1.044 24.1368 1.0456 23.4254 1.0145
31 25 23.5895 25.8942 1.0578 17.9478 1.0525 20.293 1.0232
32 28 28.699 29.949 1.0426 24.7719 1.0419 25.0773 1.0079
33 17 23.09 23.9342 1.0485 22.114 1.0518 20.629 1.0153
34 35 27.4785 29.7701 1.0509 21.0176 1.053 20.1045 1.0141
35 26 28.9111 29.6117 1.0401 25.9309 1.0395 26.2076 1.0091
36 29 27.5686 27.7195 1.0429 24.6407 1.0446 23.8638 1.0157
37 18 19.6051 20.6637 1.0606 16.7149 1.0594 17.258 1.0313
40 20 20.9848 21.6539 1.0598 17.0823 1.0581 17.8194 1.0306
41 10 16.6233 16.3789 1.0677 13.6302 1.0699 12.6515 1.0416
42 27 28.3219 29.1451 1.042 25.0483 1.0449 23.729 1.0095
43 23 20.1382 22.067 1.0618 16.208 1.0674 13.7348 1.0216
44 27 26.0338 26.8449 1.0506 21.1581 1.0536 19.8092 1.0202
45 21 25.0831 26.6539 1.049 21.8973 1.0462 23.1462 1.0165
46 18 22.7967 23.5253 1.0516 20.6956 1.0515 20.7442 1.0279
48 11 18.003 18.5264 1.0657 14.505 1.0652 14.719 1.0313
49 16 23.0308 22.7008 1.0572 18.2029 1.0546 19.3505 1.032
51 26 29.6738 26.9914 1.0394 26.2402 1.0358 27.8788 1.017
52 24 26.5005 26.429 1.0503 21.3085 1.0493 21.7383 1.0197
53 41 34.3271 33.211 1.0336 28.9092 1.0265 32.2241 1.0157
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ID # S F  lliurr Y S4 %F Y S 3% F J P  Db7 JP S 7  % F JP D b 3 JP S 3  % F DWDb
54 21 26.877 27.9872 1.0434 24.4052 1.0442 24.0314 1.0202
47 27 32.5917 30.8997 1.0312 30.0419 1.0296 30.7509 1.0075
55 24 25.2329 25.1614 1.0538 19.7174 1.052 20.5267 1.0273
56 24 25.6121 26.5875 1.05 21.4379 1.0497 21.5651 1.0238
57 1 9 19.9798 20.7571 1.0593 17.2718 1.0627 15.7811 1.0249
58 15 19.922 22.1573 1.0521 20.4774 1.0589 17.4852 1.0112
59 22 26.8653 27.6046 1.0431 24.536 1.044 24.1258 1.0108
60 12 16.1577 17.7314 1.0662 14.2498 1.0677 13.623 1.0299
61 1 8 24.5029 25.7357 1.0483 22.1715 1.0477 22.4682 1.0187
62 15 19.922 20.9806 1.0573 18.1636 1.0589 17.4852 1.0216
63 1 8 23.1141 23.0265 1.0463 23.0995 1.0482 22.2362 1.0183
64 1 9 21.6876 24.3651 1.0546 19.365 1.054 19.6453 1.0187
65 1 6 18.3303 19.9176 1.06 16.9924 1.0605 16.7642 1.0273
66 12 15.7295 17.7342 1.0704 12.4534 1.0679 13.5341 1.0368
67 22 26.0811 29.2097 1.0425 24.7987 1.046 23.2424 1.0115
68 1 8 24.3381 25.9537 1.0521 20.5014 1.0482 22.2499 1.0222
69 21 22.6383 24.4931 1.051 20.9935 1.0571 18.2431 1.0174
70 30 27.2055 28.8282 1.0505 21.189 1.0505 21.2185 1.0165
71 20 24.186 24.3766 1.0532 19.9975 1.0507 21.1009 1.0238
72 22 27.2517 26.4275 1.0437 24.2525 1.0433 24.4534 1.0108
73 25 25.2888 27.6703 1.0485 22.114 1.0498 21.5063 1.0122
74 30 27.1728 29.1191 1.0451 23.6198 1.0464 23.0298 1.0153
75 12 19.0977 19.7947 1.0596 17.1703 1.0626 15.8448 1.0279
76 1 1 17.2876 18.1919 1.0644 15.0377 1.0667 14.0419 1.0351
77 1 8 21.5055 20.6224 1.0571 18.2758 1.057 18.3013 1.0279
78 40 29.3 31.2838 1.0449 23.7489 1.0422 24.9599 1.0161
79 20 23.8628 23.6176 1.0495 21.6322 1.0528 20.178 1.0192
80 32 28.2258 29.7794 1.0476 22.4949 1.0437 24.2652 1.0238
81 14 20.4779 22.0702 1.0549 19.2455 1.0583 17.7501 1.026
82 8 18.0387 18.8391 1.0655 14.5596 1.0653 14.6757 1.0335
83 15 21.3707 22.3839 1.0533 19.9623 1.0552 19.1215 1.0161
84 20 23.4706 24.6351 1.0521 20.5014 1.0533 19.939 1.0197
85 26 28.282 30.0003 1.0398 26.0628 1.0392 26.3256 1.013
86 24 27.4488 27.7115 1.0451 23.6215 1.0444 23.9371 1.0119
87 24 26.9123 26.429 1.0487 22.0005 1.0455 23.4479 1.0232
88 1 1 15.9544 18.2095 1.0599 17.0156 1.0657 14.4946 1.0267
89 26 22.7062 24.8852 1.0509 21.0058 1.0534 19.924 1.0161
90 26 29.2639 29.0672 1.0384 26.6804 1.0386 26.5954 1.0105
91 20 21.1433 22.9471 1.0619 16.1594 1.0606 16.7284 1.0249
92 38 36.5178 37.3246 1.0226 34.0804 1.0194 35.6003 1.0022
93 9 14.405 14.9945 1.0721 11.7237 1.0709 12.2104 1.0406
94 20 28.1945 28.0709 1.0408 25.5891 1.0406 25.6956 1.0141
95 18.5 22.4347 24.5899 1.0531 20.0225 1.0543 19.5128 1.0202
96 • 18.9641 20.855 1.0623 15.9739 1.0609 16.6052 1.0351
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ID# SF Ilium YS4%F YS3%F JP Db7 JPS7 %F JPDb 3 JPS3 %F DWDb
97 30 27.8466 29.8204 1.0375 27.1148 1.0402 25.8541 1.0082
98 31 27.6881 30.3271 1.0457 23.3599 1.0441 24.0974 1.0105
99 27 22.8724 23.384 1.0437 24.2677 1.0503 21.2759 1.0178

100 1 7 24.3381 24.3651 1.053 20.0783 1.0501 21.3914 1.026
101 1 7 20.1574 22.1573 1.0553 19.0433 1.0582 17.7875 1.0249
102 17 20.0653 21.074 1.0639 15.2717 1.0622 16.0069 1.0285
103 20 22.459 22.7501 1.0546 19.3651 1.0523 20.3825 1.0343
104 30 34.4719 33.4326 1.0211 34.779 1.0232 33.7737 0.9991
105 1 0 19.1971 18.1997 1.058 17.8831 1.0594 17.2524 1.0328
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ID# DW%F RV1 RV1 Db RV1 %F RV2 RV2 Db RV2 %F RV3
1 22.0504 2.0745 1.0543 19.5197 2.901 1.0673 13.794 •

2 24.0023 3.3824 1.0625 15.8851 4.0682 1.0569 18.3481 •

3 24.2593 2.6054 1.0412 25.4302 2.0893 1.0314 29.9105 •

5 25.0021 2.0246 1.0468 22.8571 2.0246 1.0425 24.8003 •

7 23.2003 2.1005 1.0521 20.4984 2.3925 1.0519 20.5608 •

9 25.0021 4.0519 1.057 18.3023 3.8132 1.0461 23.1755 •

1 0 29.4769 2.3134 1.042 25.0467 2.2727 1.0408 25.6044 •

1 1 26.3754 3.0164 1.0479 22.3572 1.9504 1.0323 29.511 •

12 35.4464 2.2445 1.0268 32.0573 2.1661 1.025 32.9456 •

13 43.3877 2.4484 0.9916 49.2051 2.4484 0.9908 49.5717 •

14 33.5109 2.0141 1.0349 28.329 1.9649 1.0343 28.5628 •

15 34.2683 1.9649 1.0202 35.1776 1.8685 1.0271 31.9188 •

1 7 32.9823 1.5264 1.0265 32.2222 1.6248 1.0262 32.3805 •

1 8 34.7514 2.5568 1.0386 26.6251 2.8698 1.0457 23.3681 e

1 9 31.4157 2.5141 1.0382 26.765 2.3752 1.0382 26.8077 •

20 34.2683 • • • 1.9512 1.0334 29.0095 •

22 42.723 2.0406 1.0128 38.7671 2.0656 1.0118 39.203 •

23 39.3707 2.9541 1.0023 43.8658 2.9382 1.0032 43.4239 •

24 30.3181 2.5047 1.0499 21.4822 2.5617 1.0509 21.0212 •

25 33.768 1.812 1.0153 37.5601 1.7657 1.0132 38.5354 •

26 29.6493 2.0907 1.0419 25.077 1.812 1.0392 26.3427 •

27 35.8914 2.7476 1.0556 18.908 2.7476 1.0556 18.908 •

28 28.9464 2.3211 1.033 29.2039 2.4026 1.0308 30.2185 •

29 31.5656 2.4579 1.0456 23.4165 1.9271 1.0431 24.5333 •

30 37.9281 2.444 1.0107 39.7572 2.0619 1.0074 41.3542 •

31 33.768 3.1263 1.0449 23.7387 2.98 1.0409 25.5384 •

32 41.1439 2.3481 1.0162 37.1029 2.3752 1.0189 35.7986 •

33 37.5434 2.3346 1.0283 31.3733 2.3481 1.0299 30.6071 •

34 38.1166 1.9512 1.0228 33.946 1.9031 1.0214 34.6519 •

35 40.524 2.1441 1.0213 34.6991 1.9561 1.0197 35.4568 •

36 37.3471 1.5864 1.0174 36.5216 1.8599 1.0246 33.0929 •

37 29.9877 2.6104 1.0237 33.5207 2.2222 1.0184 36.0735 •

40 30.3181 2.0196 1.046 23.2104 1.9332 1.0469 22.8031 •

41 25.2409 2.3327 1.0319 29.6923 2.5 1.0266 32.1795 •

42 40.3648 2.4248 1.0132 38.5743 • • • •

43 34.512 1.9542 1.0295 30.8307 1.6836 1.0279 31.5807 •

44 35.2185 2.342 1.0263 32.3191 2.4388 1.0236 33.5958 •

45 36.9462 1.7678 1.0272 31.885 1.7869 1.0273 31.8266 •

46 31.5656 2.0708 1.0077 41.1959 2.0263 1.0141 38.1315 •

48 29.9877 2.7911 1.0705 12.3991 2.8643 1.0659 14.3944 •

49 29.6493 1.5304 1.0299 30.6135 1.708 1.035 28.2801 •

51 36.7414 3.1116 1.0223 34.197 2.6992 1.0146 37.8756 •

52 35.4464 1.9825 1.0245 33.1692 2.1712 1.0011 44.458 •

53 37.3471 2.1783 1.0145 37.9044 1.9531 1.0123 38.9819 •



ID# RV3 Db RV3 %F Mean RV Mean RV Db Mean RV%F
1 • • 2.4877 1.0608 16.6568
2 • • 3.7253 1.0597 17.1166
3 • • 2.3473 1.0363 27.6703
5 • • 2.0246 1.0447 23.8287
7 • • 2.2465 1.052 20.5296
9 • • 2.0065 0.9989 20.7389
1 0 • • 3.9326 1.0516 25.3256
1 1 • • 2.2931 1.0414 25.9341
12 • • 2.4834 1.0401 32.5014
13 • • 2.2053 1.0259 49.3884
14 • • 2.4484 0.9912 28.4459
15 • • 1.9895 1.0346 33.5482
17 • • 1.9167 1.0237 32.3013
1 8 • • 1.5756 1.0263 24.9966
1 9 • • 2.7133 1.0421 26.7864
20 • • 2.4447 1.0382 29.0095
22 • • 2.053 1.0334 38.9851
23 • • 2.0531 1.0123 43.6448
24 • • 2.9462 1.0027 21.2517
25 • • 2.5332 1.0504 38.0477
26 • • 1.7888 1.0142 25.7098
2 7 • • 1.9514 1.0406 18.908
28 • • 2.7476 1.0556 29.7112
29 m • 2.3618 1.0319 23.9749
30 • • 2.1925 1.0444 40.5557
31 • • 2.253 1.0091 24.6386
32 • • 3.0531 1.0429 36.4508
33 • • 2.3616 1.0176 30.9902
34 • • 2.3413 1.0291 34.2989
35 • • 1.9272 1.0221 35.0779
36 • • 2.0501 1.0205 34.8072
37 • • 1.7231 1.021 34.7971
40 • • 2.4163 1.0211 23.0067
41 • • 1.9764 1.0465 30.9359
42 • • 2.4164 1.0293 38.5743
43 • • 2.4248 1.0132 31.2057
44 • • 1.8189 1.0287 32.9574
45 • • 2.3904 1.0249 31.8558
46 • • 1.7774 1.0273 39.6637
48 • • 2.0486 1.0109 13.3968
49 • • 2.8277 1.0682 29.4468
51 • • 1.6192 1.0324 36.0363
52 • • 2.9054 1.0185 38.8136
53 • • 2.0768 1.0128 38.4431
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ID# RV3 Db RV3%F Mean RV Mean RV Db Mean RV %F
54 • • 2.0657 1.0134 35.4911
4 7 • • 1.9856 1.0196 35.7591
55 • • 2.4678 1.019 27.2883
56 • • 2.6912 1.0371 29.9083
57 • • 2.6384 1.0314 28.1742
58 • • 2.0506 1.0352 33.9136
59 • • 2.0175 1.0229 41.7004
60 • • 1.9158 1.0067 30.98
61 • • 1.9558 1.0292 35.14
62 1.0417 25.2 3.3177 1.0203 25.8798
63 1.024 33.394 1.8385 1.0402 33.3418
64 • • 1.8708 1.0241 33.4134
65 • • 2.2479 1.024 27.3621
66 • • 2.0675 1.0369 19.9863
67 • • 2.6278 1.0532 32.6137
68 • • 2.062 1.0257 31.5186
69 • • 1.8254 1.028 36.732
70 1.0249 32.988 2.0395 1.017 33.6251
71 • • 1.5372 1.0235 35.3785
7 2 1.0119 39.178 2.4587 1.0198 39.7184
73 • • 1.6831 1.0108 32.8662
74 • • 2.9739 1.0251 31.7877
75 1.0411 25.456 1.8206 1.0274 25.5529
76 • • 2.0919 1.0409 20.1758
77 1.0361 27.745 2.4568 1.0528 27.5945
78 0.989 50.501 2.1288 1.0365 50.6072
79 1.0336 28.921 2.1572 0.9888 30.0838
80 1.031 30.097 2.1654 1.0311 29.9762
81 1.0325 29.413 1.719 1.0313 29.1008
82 1.0397 26.115 2.9937 1.0332 25.7766
83 1.0458 23.301 2.5369 1.0404 23.9312
84 1.0312 30.007 2.4275 1.0445 29.126
85 1.0166 36.902 2.3973 1.0331 36.0038
86 1.0274 31.822 2.3472 1.0185 32.5053
87 1.0227 33.999 3.653 1.0259 34.1612
88 1.0427 24.745 3.1742 1.0224 24.2027
89 1.0204 35.11 1.7935 1.0439 32.8943
90 1.0174 36.53 2.1821 1.0251 38.1831
91 1.0403 25.804 1.8621 1.014 24.171
92 1.0112 39.523 2.4743 1.0439 40.9611
93 1.0535 19.858 1.9293 1.0082 18.0834
94 1.0258 32.573 2.2085 1.0575 32.9959
95 1.0219 34.41 2.3776 1.0249 34.4591
96 1.0258 1 32.53 1.9442 1.0218 32.3725



ID# RV3 Db RV3 %F Mean RV Mean RV Db Mean RV%F
97 1.0299 30.639 2.5273 1.0262 30.0781
98 1.0164 37.007 2.5054 1.0311 36.8463
99 • • 2.8131 1.0168 35.8448

100 1.0391 26.383 1.8244 1.0188 27.1148
101 1.0247 33.062 2.0414 1.0375 32.049
102 1.038 26.867 2.2795 1.0269 26.9259
103 1.0319 29.684 1.8047 1.0379 29.2263
104 1.0018 44.095 2.1859 1.0329 42.3053
105 1.0189 35.805 2.4883 1.0055 31.3492
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III. SKINFOLD VALUES
a. Chest: 9 .00  nun

b. Abdomen: 13.00 mm

c. Back: 11.00 nun

d. Leg: 10.00 nun

e. Underarm: 9 .00  mm

f. Arm: 13.00 mm

mm=millimeters

Your percent body fat via skinfold measures was 18.04 %.

IV. UNDERWATER WEIGHING VALUES
Your percent body fat via underwater weighing was 25 .05  %.

As you can see, there is a considerable difference between these measures - which is precisely 
why we are doing this study!! From a preliminary standpoint, w e believe these differences are due 
to the fact that the prediction equations used to predict percent body fat from skinfolds or 
bio-impedance have not been made with older men in mind. Rather, they were developed from 
studies on young college-aged males who will have different bone and muscle densities than their 
older counterparts.

Remember that percent body fat via underwater weighing is considered the “gold standard”, 
thus, it is the value you should use.

V. TARGET W EIGHT
Once percent body fat is known, a predicted desirable weight (target weight) can be calculated 

which gives what you would weigh at a specific percent body fa t  This specific percent body fat, 
or ideal body fat will vary from individual to individual depending on the following: age, height, 
weight, body type, activity level, lifestyle habits, medical history, etc. Many experts believe that 
men below 30 years should be between 15-19% body fat; there is no research or guidelines for 
any other age groups. A s you can see, there is no one ideal percent body fat, thus, the “ideal” 
percent body fat I've chosen for you is based on my opinion.

Current Weight

fTOg)
Current Weight

Lean Body Weight

f25X>5] 
Percent Body Fat

Fat Weight

RTTTj
Desired Percent Fat

[30n
Fat W eight

rnron
Lean Body W eight

[l3$.29[ 
Target W eight

W e are hoping this research project will shed some light on this situation! Thank you again for 
participating, we couldn’t have done it without you! If you would be interested in participating in 
any future research projects with the lab, please phone Janice at 739-3767 and give her your name 
and phone number. Again, thank you for your participation and please phone us if  you have any 
questions!!
Sincerely,
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Enclosed are your results from the research study entitled “VALIDATION O F BODY  
C O M P O SIT IO N  PR ED IC TIO N  EQ U A TIO N S FO R  M EN  OVER 60 YEARS O F  
A G E”. A s we will be collecting data until August, the results o f  the entire study are not 
enclosed. If you would like to receive a summary o f our findings once the study has been 
completed, please phone us so we can mail you a copy.

Body Composition is a term which refers to the amount o f lean body weight (muscle, bone, 
organs) and the fat weight, which together make up an individual’s total body weight. It is 
considered unhealthy to have a high amount o f a person’s total body weight as fat weight The 
measurement o f body composition, specifically fat weight or percent body fat is important for a 
number o f reasons. However, the most common reason is that people are just curious about how 
much body fat they have.

When individuals gain fat, much of this added adipose tissue (fancy name for fat) occurs in 
subcutaneous (surface) areas in certain parts of the body. Men usually carry their extra fat around 
the waist area and women carry it around their limbs. Many studies have shown that as individuals 
age, there is less subcutaneous fat, yet more internal fa t

There are a number o f ways to determine what an individual’s body composition is. The 
criterion method, commonly considered the “gold standard” is underwater weighing. This method 
involves the determination o f  an individual’s weight under water. With this weight and the 
person’s mass, density can be determined. Once w e have density, we use estimation equations to 
predict percent body fat.

A s you know from experience, underwater weighing takes time, practice, patience and 
expensive equipment Since many facilities do not have these items, “field tests” were developed 
by collecting data on individuals and comparing the results to underwater weighing. Skinfold 
measurements are one o f these field tests, their basis being that external fat can be pinched by the 
thumb and forefingers. With older men, skinfolds may not be valid because o f  the body fat shift 
from external to internal.

I. PERSONAL DATA

a. Height: 68.31 inches 173.50 centimeters

b. Weight: 144.96 pounds 65.89 kilograms

c. Age: 75

II. CIRCUM FERENCE VALUES
a. Bicep: 26.50 cm d. Thigh: 4 5 .5 0  cm

b. Waist: 81.00 cm e. Calf: 3 4 .5 0  cm 1 inch = 2.54 cm

c. Abdomen: 83.00 cm



PLEASE NOTE

C o p y r ig h t e d  m a t e r i a l s  i n  t h i s  d o c u m e n t  h a v e  
n o t  b e e n  f i l m e d  a t  t h e  r e q u e s t  o f  t h e  a u t h o r  
T h e y  a r e  a v a i l a b l e  f o r  c o n s u l t a t i o n ,  h o w e v e r  

i n  t h e  a u t h o r ’ s  u n i v e r s i t y  l i b r a r y .
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U n i v e r s i t y  M i c r o f i l m s  I n t e r n a t i o n a l



ATTENTION: ALL 
MEN OVER 60 

YEARS!!
LEARN YOUR PERCENT 

BODY FAT!!
V o lu n tee rs  n e e d e d  to  p a r tic ip a te  in a  s tu d y  w ith th e  UNLV 

E x erc ise  P h v s lo lo o v  L abo ra to ry .

WHO: A ny m an  o v e r 60 y e a r s  o f a g e

WHERE: UNLV E x erc ise  P h y s io lo g y  Lab in th e  M cD erm ott 
P h y sica l E d u ca tio n  C o m p lex , R oom  206

WHEN: T estin g  to  b e  s c h e d u le d  a t  v o u r  co n v e n ie n c e  (for
app ro x im a te ly  1- 1/2 h o u rs )  a s  w ell a s  an  o rien ta tio n

m e e tin g

HOW: B ody fa t will b e  d e te rm in ed  via 3 m e th o d s; sk info ld
m e a s u re m e n ts , b io - im p e d a n c e  an d  u n d e rw a te r  
w e ig h in g

PHONE BETH. DAHN OR JANICE AT THE LAB (739-3767) FOR YOUR 

ORIENTATION APPOINTMENT TODAY!!
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ATTENTION, ALL MEN OVER 60 YEARS!!!

Learn your percent body fa i l

UNLVs Exercise Physiology Lob is 
looking (or males over 60 years of age to 
volunteer for a  research project to be 
conducted this summer. The study focuses 
on body composition for men over 60, as 
there is little research among this age 
group.

Each participant will attend an 
orientation meeting where instructions will 
be given and questions will be answered.
At the meeting, participants will be 
scheduled for a  testing session 
(approximately 1-1/2 hours) where the 
following measurements will be taken: 
height; weight; skinfold measurements; 
underwater weighing which involves sitting 
in a  warm bath and submerging the face 
while breathing into a  tube; and bio­
impedance.

Each participant will receive 
personalized results indicating their percent 
body fat, and target weight (H currently 
involved in a  weight loss program).

if you would like further information or 
would like to sign up for the next orientation, 
please phone Beth, Dahn or Janice at the 
laboratory (702) 739-3767 or Beth at 897-2474 
in the evenings.

Men needed for research at UNLV
UNLV’b exercise physiology age of body fat and target weight, 

lab is looking for men over 60 Men over 60 who would like, 
yeam of age to volunteer for a  information about the study may 
study of body composition. call 739-3767.~  ± * — __̂  ow<U|«VH*MVU«

Each p a rtic ip a n t w ill be 
weighed and measured, including 
underwater weighing to deter­
mine body-fat percentages.

Everyone who takes part in the 
study will receive personalized 
results indicating their percent-
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