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SUMMARY

Problem

The Navy 1is concerned about obesity and overfatness because it is
associated with a variety of health problems and may be a limiting factor in
physical work capacity. All Navy personnel are currently required to undergo
screening for obesity prior to participating in required physical fitness
tests. WVhile the simplest methods of estimating overfatness involve
veight-height measures, the Navy has implemented an alternative method using
estimates of percent body fat derived from circumference measurements. This
technique is slightly more complicated than weight-height indices; however,
previous research suggests it provides a more accurate reflection of body
fat. A practical question is whether the amount of improvement justifies the
use of this slightly more complex method.
Objective

The purpose of this study was to determine whether percent body fat
estimated from circumference measures predicted physical fitness more
accurately than weight-height indices.
Approach

Demographic and physical fitness data were collected for 5710 men and
477 women stationed primarily in the San Diego area. Measures included a
1.5-mile run/walk, number of sit-ups completed in two minutes, a sit-reach
flexibility test, an average fitness score, and estimated percent body fat
using body circumference measures. Various weight-height indices were also
calculated.
Results

For men, percent body fat estimated from circumference measures
predicted all four of the physical fitness measures significantly better than
did any of the weight-height indices. For women, the percent body fat
estimate predicted two of the four physical fitness measures significantly
better than any of the weight-height measures. Overall, the pattern of
associations between physical fitness and both the percent fat estimates and
the weight-height measures were similar for men and women; however, the
correlations between the fitness measures and the percent fat estimates were

stronger for men than women.
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Conclusions

Fercent body fat estimated from circumference measures may be a better
predictor of physical fitness because it assesses body fat more reliably than
weight-height indices. While circumference measurements require slightly
more time and training to administer, the "cost" appears worthwhile as a
screen for physical fitness testing. Future research might assess the

usefulness of the circumference technique in predicting health outcomes.
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Prediction of Physical Fitness: Estimated Percent Body Fat Using Body

Circumferences Versus Weight-height Measures

Keith A. Peterson, M.A., Terry A. Cronan, Ph.D., and Terry L. Conway, M.A.

Naval Health Research Center

The Department of Defense has instituted standards to curtail excess
fatness among military personnel because obesity is associated with a variety
of health problems (National Institute of Health, 1985) and overfatness may
be a limiting factor in physical work capacity (Buskirk & Taylor, 1959;
Cureton & Sparling, 1980; Cureton, Sparling, Evans, Johnson, Kong, & Purvis,
1978; Leon, Jacobs, DeBacker, & Taylor, 1981; and Montgomery, 1982). The
Navy currently requires personnel to undergo screening for obesity prior to
taking required physical .-fitness tests. Obesity assessment is based on a
method for estimating percentage of body weight attributable to fat from
several body circumferences. This method of identifying obese individuals is
slightly more complicated than the use of common weight-height tables or
indices. Thus, a question of practical interest to the Navy is whether there
is justification for using the slightly more difficult circumference methods
over simpler weight-height methods.

It is relatively easy to use various tables or indices of weight and
height to identify obese people. The Metropolitan Life Insurance tables of
"ideal" weights are often used (Metropolitan Life Foundation, 1983).
Commonly used ratios of weight (W) to height (H) include: VW/H, U/H2 (body

mass index orv Quetelet’s index), W/H "7, WH3 (the Rohrer index), WO'33/H

(the Ponderal index), and H/VO'33 (an inversion of the Ponderal index).
Several studies have found that Quetelet’s index is the best weight-height
predictor of body fat in men (Goldbourt & Medalie, 1974; Keys, Fidanza,
Karvonen, Kimura, & Taylor, 1972; Knapik, Burse, & Vogel 1983); whereas,
W/Hl'5 has been suggested as the best index for women (Knapik et al. 1983).

One of the problems with common weight-height tables and indices is that

they do not discriminate between muscle and fat weight in individuals. They

are based on an "ideal" proportion of weight to height. When people exceed
certain cut-off points, it is assumed that they are overlv fat. However,
this assumption can be inaccurate for relatively lean individuals who are

especially muscular and, therefore, weigh more than average people of
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! equivalent height (e.g.. football players or body builders). Conversely,

. weight -height indicex may not identify some individuals who fall within
acceptable weight ranges but truly have excess body fat relative to their

s lear mass.

‘ Circumterence methods <uch as those used by rfthe Navy probably betrer
estimate the percentage  of  body weight attributable to  fat  than do

] weight-height measures (Hodgdon, 1987; Pollock & Jackson, 1984). Fstimates

| of percent body fat are made with equationg based on circumference measures

\ typically involving areas pione to excess fat accumulation, such as the upper

' and lowver arm, wai<t, hip, and thigh (Hodgdon & Beckett, 1984a, 1984b:
Wright, Dotson, & Davis, 1980, 1981). If excessive fatness rather than
greater weight per se is the (ritical factor limiting physical work capacity,

: the accuracy of the technique used (i.e., circumterence versus weight-height

; method) to measure overfatness could make an important difference for
predicting physical work capacity. Such a ditference might be especially

: important to the Navy, as physical fitness is a critical component of overall

. military readiness.

; The Navy is concerned about obesity among its personnel because of the
impact of excess fat on work capacity and because of the health implications
of overfatness. For medical safety, individuals idernrified as obese during

i pre-test screening are not allowved to take the Na'v's required physical

N fitness test. Furthermore, individuals judged obese nver three test cycles

R (1.5 vears) are subject to administrative diccharge from the service. Thus,

! it should be of particular interest to the Navy to idenrify the mast accurate
yet efficient method for measuring obescity. The pre<ent «tudy compared the

: associations between physical fitness and several indicators ot overfatness

, to provide information about which technique might better seirve the needs of
the Navy.

s METHOD

A Participants

. Participants included 5710 men and 477 women <tationed at ship and shore

' commands located primarily in the San Diego area. All vere active duty Navy
personnel participating in an ongoing evaluation of the Navy’s Health and
Physical Readiness Program (Convay & Dutton. 1985:; Ni-.. Dutton, & Seymour,

Y 1984). Participants for the current <tudy were ~ele-red if they had height,
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veight, and body circumference data. The subjects ranged in age from 17 to
57 years (Mean = 27.35, SD = 6.74).

Measures

Height-Weight Indices. The various weight-height indices were
calculated after converting the weight and height data to metric units
(kilograms< and meters). The following equations wete used: W/H, W/Hl's, V/H2
(Body mass index or Quetelet’s index), W/H3 (Rohrer index), UO'BJ/H (Ponderal
index), H/WO'33 (Sheldon’s inversion of the Ponderal index).

Percent Deviation from Ideal WVeight. The difference between the

subject’s weight and ideal weight (Metropolitan Life Foundation, 1983) was
calculated for a person of medium frame and a given height. The Metropolitan
Life Height and Weight Tables range from 158 cm to 193 cm for men, and from
148 cm to 183 cm for women. Therefore, this measure was calculated only for
participants within these height ranges. Percent deviation from ideal weight
vas then defined as: IdealVW - [(Weight - Ideal Weight) s Ideal Weight] x 100,

Percent Body Fat Measures. Percent body fat (7BFl) for males and
females was estimated from a set of body circumference measurements using the
equations of Wright, Dotson, & Davis (1980, 1981). These equations were used
in the Navy’s first implementation of the "Health and Physical Readiness
Program" established by OPNAVINST 6110.1B in October., 1982. Two body
circumferences were obtained for males: 1) neck circumference. measured
around the neck with the tape passing just below the laryn:z. and 2) abdominal
citcumference, measured atround the abdomen at the level of the umbilicus. In
women, neck and abdomen measures were taken, plus three additional measures:
1) bicep circumference. measured at the largest circumference of the arm with
the arm extended and palm facing up, 2) forearm circumference. measured at
the largest circumference of the forearm, and 3) thigh circumference,
measured on the left thigh just below the buttock. All citcumferences were

measured in centimeters. The equations are as follows:

% Body Fat (men) = (0.740 x Abdomen)
- (1.249 x Neck) +« 0.528
% Body Fat (women) = (1.051 x Biceps) - (1.952? x Forearm™)

- (0.879 x Neck) + (0.326 x Abdomen)
+ (0.597 % Thigh) . 0,707
For males, a second estimate of percent bodv far (7BFY —aw derived trom

the same circumference measures plus height using the procedure« developed by
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'\. Hodgdon & Beckett (1984a). This estimate is currently used by the Navy, as
) dirtected by OFNAVINST 6110.1C which became effective October, 1986. [he

'- Jircumference measures and height are used to estimate body density which in
. rurn is used to estimate percent body fat:

f‘: a) Budy Density (men) -{.19077 = LoglO(abdomen Neck) ]

Be . 1.15656 % LoglO(Height)] - 1.1324
- b) % Body Fat = [(4.95/Body Density) - 4.3] = 100
'2 Physical Fitness Tests. The required physical fitness test had rhree
_: components: a 1.5-mile run, a sit-ups test, and a flexibility rtect. The

b 1.5-mile run was included to test cardiorespiratory endurance and physical
. stamina: performance was measured as the time to run/valk a 1.5-mile course.

r. The sit-ups test was included as a test of muscle endurance: the measure wac

': the number of flexed-knee sit-ups completed within a twvo-minute time period.
; In the sit-reach flexibility test, the participant sat on the ground -ith
> legs outstretched in front, then touched the ground as far forwvard as
i possible for three seconds; the distance from the heel to the fingertips vas

[ then measured. An average physical fitness score was computed for each

g, participant by taking the mean of the standardized scores on the run, sit-up.

and sit-reach data. Run time was reverse scored in thir procedure so that
. positive Z-scores indicated better performance.
A Procedures
X Weight, height. bodv circumference measures, and sceores on the thiee
. phvzical fitness tests for each participant weve 1ecnrded as part of pho=i-al

) treadiness testing required by the Navy. This testing was conducted by
: ~ommand fitness coordinators, +~ho forwarded the data tao the Noval Health
N Research Center.

E Analysis Procedures. Two types of analyses were conducted tor men and
y women separately. First, desciiptive statistics were  compnred  on ol
. veight-height measures, percent body fat estimates, and phy<sical {itness
( scores. Second, Pearson product-moment correlations vere cal-unlated amon,
s

b the various weight-height indices, body fat measures. and phooi-al firneo-
- scores. The significance of the differences hetwveen pait  of o lation

was tested using procedures described by McNemar (1969, p. 158).
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RESULTS
Descriptive statistics for men and women are presented in Tables 1 and
2, respectively. The Navy males in this study were of approximately the same
height but weighed an average of 1 kilogram (kg) less than the national
average for civilian males 25-34% years old (mean height = 1.76 meters; mean
wveight = 78.5 kg) (U.S. Bmeau of the Census, 1985). Navy women wvere
approximately the same height but weighed about 3 kilograms less than the
national average for women of the same age group (mean height = 1.63 meters:

mean weight = 64.4 kg).

Table 1
Descriptive Statistics for the Men
Mean Standard Deviation
Age 27.56 6.83
H (Meters) 1.77 .08
W (Kilograms) 77.59 12.00
%BF1 15.85 5.34
%BF2 16.48 5.81
Idealv 9.04 14.41
W/H 43.72 5.95
T 32.85 4.32
w/H? 24.69 3.22
s 13.97 1.96
TTEERR 2.37 11
103y .43 .02
1.5 mile Run (minutes) 12.60 2.21
Sit-ups (number in 2 min.) 52.21 16.89
Sit-reach (inches) 2.44 3.02
Average Score (Z-score) .00 .76

NOTE: group size ranged from n 5451 to 5710

hecause of missing data.
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a

Descriptive Statistics for the Women
Mean Standard Deviation

v
» [ N — -4
\ age 2445 4. 40 -
u o,
i H (Metercs) 1.66 .07 -
. W (Kilograms) 61.36 9.01 A,
¢ ¥BF1 21.74 5.42 -
X IDLVT .36 12.98 3
' U/H 37.02 4.91 N

° wple 28.77 3.7

! /R 22.37 2.92 v
h 3 '
D W/H 13.54 1.92 o

w033,y 2.35 .10 j

/033 .43 .02

. 1.5 Mile Run (minutes) 14.88 2.14 )
. Sit-ups (number in 2 minutes) 49.75 18.02 ::
: Sit-reach (inches) 3.56 3.02 o
' Average Score (Z-score) .00 .76 th
:' NOTE: group size ranged from n = 419 to 477 n:
- hecause of missing data.
5 ~3

For men, the correlations among the various weight-height indices ranged :,
: from /r/ .78 to .99, The correlations betveen the percent body fat :
;: estimates and the weight-height measures ranged from /r/ = .58 to .79. The t
¥ correlation bhetween the two percent body fat estimates was .96. For women,
i~ the correlations among the various weight-height indices ranged from /r/ = 5
‘; .80 to .99 The correlations between the percent body fat estimartes and the :;
: weight-height measures ranged from /r/ - .60 to .71, S-
N Tables 3 and 4 present for men and women, tespectively. the correlations ;;
i between the physical fitness measures and the weight-height and body fat =
> estimates. Also shown is the percent of variance accounted for in the ﬁ;
. relationships. Scores on the sit-ups, sit-reach. and average fitness measule j‘
.E were negatively correlated with the body fat and the weight-height measures, i‘
a indicating that higher percent body fat and being "overweight" was associated :
. R
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with poorer performance. Actual tun time was positively correlated with the
body fat and weight-height measures. indicating that higher percent body fat

and being overweight were associated with taking longer to run the 1.5-mile

course.
Table 3
Correlations of the Weight-Height and Body Fat Measures
with the Physical Fitness Scores for Men
Run(*) Sit-ups(*) Sit reach(*) Average Score(*)
W/H .28 (8%) -.13 0 (2%) 7 (.6%) .21 (47%)
wel> 20 (87) .14 (2%) 07 (.67) S22 (5%
w/H? 29 (8%) .14 (2%) 07 (.6%) 20 (5%)
/e 28 (8%)  -.14 (2%)  -.07  (.6%) S22 (an)
VO3 gmy S a) -0 (e S21 0 (4%)
nea 33 J2r o 13 07 (.6%) D1 (4%
IdealV .29 (8%) -4 (2%) =07 (.67%) -2 (5%)
%BF1 .42 (1B%Z)y -.29 (8B%) 1 (O 3%) 0 0157
%BF2 L4300 (18%)  -.29  (82) .18 3%) Lau (16%)
NOTE: Group size ranged from » - 3331 to 5604

becance of missing data.

(*) Percent of variance azcounted for in the relationship

For men, percent body fat estimated from body circumference measuies was
a significantly better predictor of physical fitness than werc anv of the
weight-height indices (p < .05). Relative to the best weight-height measuie,
estimated percent body fat accounted for an additional 10% of the variance in
run time and average fitness scores. an additional 6% of the wvariance 1in
sit-up performance, and an additional 3% of the wvariance n <i1:-1each

flexibility (see Table 3).
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‘N Table 4 b
Correlations of the Weight-Height and Body Fat Measures
:Q with the Physical Fitness Scores for Women ?
"y Run(*) Sit-ups(*) Sit-reach(*) Average Score(*) by
N S
o w0 (8 -4 (2% -.08  (.6%) I X
. wrlt o aom e 1) —.07 (LS5 -2y (57) N
- R A3 (1% .15 (%) .07 (L5%) .24 (ne) R
f: U/H3 L33 (11%y  -.15 0 (2%) .06 (4% -.230 (50 -4
» Ve s 1y a1 2% -.06 (%) 20 (50 2
a3 00 (o 13 ) 03 (.09%) 21 (o)
‘f l1dealWw L33 (11%)  -.15 (2% -.07  (.5%) .24 (6%) !
,; YBF1 36 (12%) .21 (&%) -.19 ( 4%y .32 Qo g
\; . T :'
Note: Group size ranged from n = 439 to 465
F: because of missing data. N
‘i (*) Percent of variance accounted for in the relationship ;
$
. For women, percent body fat estimated from body circumference measures
E: predicted sit-reach flexibility and average physical fitnevs =scores
5 significantly better than did any of the weight-height indices (p <« .03y,
j Relative to the best weight-height measure, estimated percent b v fa
v accounted for an additional 4% of the variance in both . <1 each
- flexibility and the average fitness scores, and an additional [ ! ‘he
J:: variance in sit-up performance. There was essentially no difference hetvyeen
; the best weight-height indices and the estimated percent body {at meacnres iu
i their abhility to predict run performance (see Table 4).
- DISCUSSION
:i Although physical fitness is not strongly related either t. bndy fac
- estimates or weight-height measures, percent bhody fat estimates predicted
performance on the Navy’'s physical fitness tests better than commonl.y usecd 51
'; weight-height indices. Relative to the best weight height measure, estimated :Q
:ﬁ percent body fat accounted for an additional ¥ to 10 percent of the ‘ariancs E?
:- in men’s physical fitness test scores and O to 4 percent of the wvariance in i
- wvomen’s scores. The correlations between the weight-height indices and the A
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physical fitness scores were very similar across the sexes: however, the
correlations between the percent body fat and the fitness scores were
generally higher for men than for women. On the whole, percent body fat
estimated from circumference measures was a better predictor of perfoimance
on the Navy's physical fitness tests than were any of the weight-height
indices; however, this finding was stronger for men than for women.

Estimates of percent body fat from circumference measures may be better
predictors of physical fitness because they are more reliable estimates of
actual body fat than weight-height measures (Hodgdon, 1987; Pollock &
Jackson, 1984). Vhile the weight-height indices are relatively simple
measures of body proportion, equations which use body circumferences should
more accurately predict fat because they include measures of body locations
commonly associated wvith obesity, such as the abdomen and hips (Bjorntorp,
1985). 1If fat is truly an important underlying factor limiting physical work
capacity and general fitness, a more accurate measure of body fat should be
more strongly associated with specific tests of physical fitness.

Accuracy of the measurement technique might also explain why the
strength of the relationships berwveen percent body tat and physical fitnesec
differed slightly for men and women. Both Wright et al. (1980, 1981) and
Hodgdon & Beckett (1984b) 1eported slightly larger standard errors of
measurement (SEM) for women than men. Tivi-, it is possible that rhe somewhat

lower correlations with physical titness soores in women mav be attributed to

clightly higher measuremen® ¢rror o <o i1ared with rhe wnmen’s equations.

One possible limirarion ot - b1 et the Navy sample may be
more physically ti® than the generat - opuailation and, thereby, limit the
generalizability of the finding.. the Navy men and  vonen wvere of

approximately the same height a< an age ~atihed national sample but wveighed
somevhat less (U.S. Bureau ot tre fencuc, 19 ). The weight differences may
be related to the physical firnesr tequitement< of the Navy. However, it
seems unlikely that the rtelatively ~inot weigh' differences or pe=sible
differences in average fitness levels would  markedly  affect the
generalizability of this study'< findings 1egarding the association bhetween
physical fitness and percent body far or weight-height measures. If
anything, the restriction of range in percent boady fat and physical fitnecs
because of Navy regulations may 1esul' in  n underestimate of the

relationship between these variables in the general population.
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3 In summary, the results from this study indicated that circumference
estimates of body fat provide a better prediction of physical fitness than do

;: common weight-height indices. Future research might examine the relationship

. between body circumference measures and various health outcomes. Thiv

:’ research may provide information useful for predicting specific rypes of

’ morbidity and mortality, which would have important implication~ for

.

diagnosis and treatment in health care settings.
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