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Weight is not a regulaied quality in any code of laws governing the
enlistment of recruits. The circumfersn~e of chest thought to be
indispensible as an accompaniment fo ;ertain degrees of stature,
is carefully laid down in the English regulations, but weight is not
even mentioned. It is presumed that the matter is left to the
discretion of the examining surgeon, with whom the decision as to
tha other qualities named might, it is t:ought, be also left with
advantage. A due proportion in the wwight is quite as essential in
the soldier as a well-formed chest, an:l is of greater importance
than lofty stature.

Colonel Jedidih H. Baxter (1875),
Chief Medicai fticer of the U.S.
Provost-Marstal-General's Bureau

That a member whosa weight exceeds the maximum for his or her
height will not be utilized as the sole criterion for a ciassification as
obese. Converselv, a member whose waight does not exceed the
maximum miay, in fact, be obese. Evaluation of the body build,
muscular development, and bone structure may be necessary to
diffarentiate between these conditions. A view of the entire body
shoulr be taken, noting the proportions, symmetry of the various
parts of the body, chest development, abdominal girth, and the
conditicn and tone of the muscles. An overweight member, who

is abviously active, of firm musculature, evidently vigorous and
healthy, and who presents a satisfaciory military appearance,
should not be classified as obese. Qbssity will be delermined by
a physician at the medical treatment tacility.
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FOREWARD

The U.S. Army currently has two separate and different programs
addressing body weight limits. The program for on-the-job soldiers (referred to
as the retantion standard, AR 600-9) utilizes a two tiered system: an initial body
weight-for-height limit, followed by a secondary body fat evaluation applied to
those exceeding the weight-for-height limit, with the ultimate standard being
body fat. In contrast, the system for new entrants into the Army (referred to as
the accession standard, AR 40-501), utilizes only a weight-for-height standard.
There is currently no connection between these retention and accession
standards. Furthermore, the accession hody weight standards are currently set
at a level which permits entry of male recruits who are well above retention fat
standards, but restrict females to weights which approximate the retention fat
standards. These accession standards also exclude nearly one third of young
U.S. women from Army service, but exclude few young males.

This study was conducted tc explore the relationship between these two
standards. Spacifically, in response to a request from Office of the Deputy
Chief of Staff for Parsonnel to The Office of the Surgeon General (28 May
1987), we wers asked to study the suitability of the accession standards with
respact to the retention standards, and to reexamine the basis of the higher
rate of exclusion of famales from the national population. This was done by
examining the relationship of excass fatness, as defined by current retention
standards, to attrition, physical performance, and achievable weight and iat loss
in male and female recruits.
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SUMMARY

The purpose and methods of Army assessment of body size have changed
over time but not all regulations have changed consistently to reflect these
altered goals. Tha original purpose of height-weight tables was to exclude
underwsight candidates from Army service. Upper limits of weight emerged in
the 1960’s to exclude overweight candidates and height-weight accessions
standards (AR 40-501) are now the sole basis for exclusion ot potentially obese
men and women. Separate tables for weight control (retention) standards were
issued in 1975. By DOD directive, the weighl control standards further evoived
into a program based on body composition instead of body weight standards.
The current retention standards (AR 60C-9) are based on percent body fat and
use height-weight tables only as an initial screen to determine who is at risk tor
obesity by established Army standards of peicent bady fat. Thus, two
regulations assess obesity by two different sets of standards and no attempt
has baen made to link these two standards.

in the past decade, female representation in the Army has substantially
increased and standards of body size and body coinposition have been applied
largely an the basis of male standards. Thus, females have been held 10
height-weight standards which are more stringent than male standards, possibly
by the reasoning that this compensates for sex differences in physical
performance. The bady fat standards have similarly baen linked to the male
standards by allowing an 8% body tal unit differenca to account for the
eslimated difterence in sex specilic essential body fat. The eflect of these
{emale accession weight standards is to exclude nearly one third of otherwise
suilable female candidates fram Army service (white {ew males are exciudsd).
Later tamala soldiars are held to body fat standards which are more sthagent
than the male standards. Thus, the Army physical siandards appear ©
discriminate against female soldiers.

in 1285, the QOfiice of the Assistanl Secretary of Delense, Force
Managemert and Perscnnei {(OASD{FMSP)) requested that ail services review
aeccession height and weight standards, specifically with respect to males and
femzles. As a resuit, this study was conducled. The key objectives were to:




1) establish the relation between accession height-weight standards and
subsequent military performance (physical performance and success in the
Army) as a function of gendet, 2) determine the appropropriate relationship
between accession standards and retention standards, 3) determine if a
measure of percent body fat is the appropriate accession standard, as it is for
the retention standard, and 4) further evaiuate the appropriateness of the
current retention standards.

Male and female recruits were studied at Fort Jackson basic training from
the time of entry to active duty (EAD) in the Fall of 1988. Height, weight,
circumference measurements, and demographic information were collected by a
study team at the recepticn station for 1894 participating recruits. APFT
performancse, unit recorded weights and heights, and all separation actions
were recorded for 2623 recruits in participating units. The soldiers were again
surveyed through their unit commanders at their first unit, approximately six
months (6m) after the end of basic training. Weight, height, and circumferences
were obtained from the units of 75% of the soldiers reached by survey.

The results of this study compared to national survey data suggest that
accession weight tables exclude few males who are within fat standards while
some young males who exceed even 30% body fat are accepted. In contrast,
the female accession weight tables appear to exclude many females who are
not overfat by retention standards. Because the female accession standards
are stringent, female recruits are tightly grouped around the retantion fat
standards with nearly one third of new rectuits exceeding the tat standards, but
the majority of these females only exceed their standards by a few percent
body fat units. Black males and females had significantly lower body fat and
. were less likely to exceed retention fat standards than non-black recruits.

There was little relation between fatness and attrition, with only a slight
“trend for overfat males to be overrepresented in the attritees. There was a
significantly larger proportion of overweight (by retention screening tables), but

- not overfat, females retained compared to females attrited, possibly reflecting

" advantages of a larger body size, related to greater muscle mass.




The current fat standards were reasonable markers of APF1 perforn.ance in
males. However, the relationship between female body fat standards and
performance was weaker in this sample and the female standards did not
clearly correspond to any inflection points in performance.

Fat males and females at all levels of fatness lost weight in basic training.
Males continued to change in the same direction following basic training while
females tended to gain weight, regaining all weight lost during basic training
and gaining additional weight, over their initial weight at EAD. In terms of body
fat, there was no decrease in the proportion of overfat females compared
between EAD and 6m. Males had more success in fat reduction and the
proportion of overfat males significantly decreased by 6m. Males up to 4%
body fat units overtat were likely to achieve their standards at 6m. Thus, males
and females were both clearly capable of significant weight loss during basic
training but only the overfat males maintained this weight loss. The reasons for
this gender difference are unknown but may be attributed to motivational
differences related to differences in the current standards, differences in the
physical demands of assigned specialties, differences in recreational physical
activity and other social f¢ ->i. and physiolcgical differences in fat regulation.

The results of this study support a recommendation that accession
standards should be based on body fat instead of body weight. Male recruits
could be given some aliowance (approximately 4% body fat units greater than
the retention standards) and be expected to achieve their standards by 6
months after the end of basic training. A change to body tat accession
standards with this allowance would have reduced this sample of male recruits
by 8.5%, including elimination of the faitest and least physically fit males.
Further study is necessary to determine it such an allowance is appropriate for
female recruits. Thus, a switch to body fat standards for accession standards
would help compliance with the Army Weight Control Program but would aiso
gxclude many (31.6%) females who are close to their current standards and
who are not measureably less fit or less suited to their military occupational
specialties. This suggests that female retention standards need to be
reexamined and reset according to soma nonarbitrary rationale not linked to
male slandards.




INTRODUCTION
ORIGINS OF ARMY ENTRY (ACCESSION) WEIGHT STANDARDS

As early as World War |, Army accessions were screened with
fieight-weight tables. These standards were designed to exclude underweight
males whose underdeveaiopment may have marked chronic disease such as
tuberculosis, and who were nevertheless considered unsuitabie to the physical
demands of the Army. The tables gave minimum acceptable weights and
“desirable” weights for all soldiers by height. A soldier was considered unfit for
military service if general examination proved him to be "undersized,
underweight, undeveloped, pale and emaciated, poorly nourished with thin
flaboy muscles, or manifestly lacking in stamina and resistance to disease" (AR
40-105, 29 May 1923). Meanwhile, obese applicants were eliminated only for
overt morbidity, or if their weight was excessive for Cavalry service. Thus,

Variations in weight above the standard are disqualifving if
sufficient to constitute such obesity as to interfere actually or
potertially with norraal physical activity, as may be evidenced by
high blood pressure, a beginning nephtitis, breaking down of the
arches of the feet, or other defects incident to such condition.
(AR 40-105, 29 May 1923)

This emphasis on the exclusion of underweight soidiers continued through
1960. Men wera routinely accepted for duty if their weight was greater than the
standards for height "provided the overweight is not so excessive as to intarfere
with military training” (MR 1-9, and later AR 40-115).

Weight tables for female soldiers emerged in WWI|, specifically for Army
nurses. As with the standards for males, the emphasis was on the exclusion of
underweight applicants. The permissible limit below the tabled “average”
weight was 15 pounds. Unlike the male tables, these tables were subdivided
into age categories (in 5-year intervals) and the weight increased with age. As
with the male tables, there were no upper weight limits governing acceptance
into the Army but the regulation (AR 40-100) recommended that the weights
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given for the age group 26-30 were the ideal ones to maintain.

By 1960, the regulation on "Standards of Medical Fitness" (AR 40-501),
listed height-weight iables with both minimum weights and age-related
maximum waights for men and women (Appendix Table A). No lonyer were
candidates to be evaluated for obesity if they exceeded weight tables; large
men and women were excluded absolutely. These stricter standards reflect the
difference between the wartime demand for soldiers and a peacetime Army
able to apply more arbitrary physical selection ctiteria.*

In 1983, the maximum allowabie weights of the 1960 reguiation were further
modified, with increased weight allowances for taller man and women and
devieases fur shortar men and women (Appendix Table B). (Commissioned
officers are held to the standards of AR 600-9). The basis of either of these
accession tables is uncertain. They do not correspond to any of the major
actuarial tables such as the height-weigt tables of the Metropolitan Life
insurance Cumpany, or wit.. previously published recommendations from Army
agencies such as tha Office of the Surgeon General (1) or Quartermaster
anthropologists (2), which were based on actual soldier data, nor do they
correspond to the oarlier standards used. A. further exampie of the arbitrary
nature of these tables and the.r penodic changes, two of the 5-year age
intervals were coliapsed to 21-30 years for maies, but not for females. These
standards hava not been changed further during the time in which a separate
set of “retention” standards, based on body fat measuremant, have been
developed and refined for all active duty snidiei..

A recent proposal to change the accessions tables to a wifferent arbitrary
standard which would be more equitadie between sexes (in terms of
propoitions excluded) was rejected by the Army. In 1985, a detailed siwudy by
the Defense Manpower Data Center noted that males 2...' femalas weare not
equally treated by the accession standards of any of the se*vices. These
standards excluded 32.2% of young women in a nationally representative

* In the current reguiation these waight tables pertain only to tha volunteer Army, standards tor
mobilization do nat include haight or walght restrictiors.




sample, the second cycle of the National Health and Nutrition Examination
Survey (NHANESH). In the same sample, only 4.7% of males would be
excluded from enlistment by their weight. The proposed solution was to
establish new tables which aliow entry of both men and women at weights up to
120% of their respective national averages (3).* The propcsed standards would
change the percent of excluded U.S. males and females to 8.3% and 12.8%,
respectively. A followup report (5) further suggested that these were
appropriate standards for males since first enlistment attrition rates were higher
for males above these relative weights. For females, there were no discemnably
higher attrition risk categories, although few females greater than 120% of the
national average weights were available for study because of the existing
exclusicnary standards. This recommended change was a simple and logical
proposal, except thai it did not take into account the Department of Defense
(DOD) directed move to standards based on body fat assessment.

EVOLUTION OF AN ARMY (RETENTION) WEIGHT CONTROL PROGRAM

In response to perceived problems in an increasingly sedentary Army,
weight control regulations for active duty soldiers were revitalized in 1976. A
new set of weight standards, unrelated to the tables in AR 40-501, were
generated under the personal direction of General Bernard W. Rogers.* All
active duty personnel were required to remain below the maximum allowable
weights (Appendix Table C), regardless of age, or ba assessed by a physician
for obesity. if they were judged to be obese, soldiers were to be placed on a
prescribed diet and exercise regimen. Now commanders were permitted to
apply adverse administrative actions for unsatisfactory progress in weight loss,

* This is essentially the same dafinition of overweight used by the Surgeon General of the Public
Health Service: *Peopls are considered ovenweight if their body mass index exceeds the 85th
percentile for young American adulls (appraximately 120 percent of desirable weightl'(4). This
corresponds to BMI > 27.8 for males and > 27.3 kg/m® for females, based on the NHANESH data.

** The previous sveight control reguiation (AR 632-1, Apr 1972) was combined with 4 physical
fitness regulation (AR 600-8, Jan 1965) and the new weight tables were added. The male upper
limits were 125% of the “desirable” weights in the WWII standards. Thess, in tum, ware foim the
original 1912 medico-actuanal tables based on mean values of the insured population at age 20 (6).
These stardards are still with us, as male scraening weights for age 40 & over, in AR 680-9.
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if they found it to be “indicative of apathy, a lack of self-discipline, evasive
performance, or other character deficiencies.”

The stated objectives of this program were to: "a) maintain the weight of all
personnel at a level which is best suited to permit them to perform theirduties in
a peacetime or combat environment, and b) present a smart soldiery
appearance expected of a combat ready Army." Military appearance was the
mainspring of this regulation, as detailed in a singular paragraph:

The wearing of the Army uniform should be a matter of personal
pride and satisfaction. Each soldier is a representative of the
United States Government, and should have a physical

configure ion and posture when in uniform that is tim and smart.
Waistlines that stretch the front of an otherwise well-fitting blouse
or shirt, and "pot-bellies" detract from good military appearance.
(AR 600-9, 26 Nov 76)

Aithough it applied to both sexes, this regulation was clearly designed with
males in mind. No spscial mention was made of excess fat gistributed in
female-spacific patterns (e.g. standards of military appsearanca for bustiines).

A major revision of this regulation in 1983 removed the subjective
physician's assessment of obasity by adding direct estimation of body fat and
setting age- and sex-related body fat standards. This conversion to the
measurement of body fat was specifically diracted by DOD. Although they are
related within a population, body fat and body weight {for height) are distinct
qualities (see Figura 1). Unlike the accession standards, this allowed soldiers
of above average musculature to be retained without adverse actions. It also
objactively quantified an individual's fatness for an aggressive anforcament of
body composition standards, instead of relying on a commander's assessment
of a soldier's appearance and ability to perform his/her duties.

DOD directive 1308.1 suggested an eventual goal of 20% and 26% body fat
for all maie and femals military personnel. However, for the Amy retention

standards, the most stringent limits wore set at 20% and 28% for the youngest
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age category of men and women. This standard of 20% body fat for young
males was based partly on soidier data relating aerobic capacity and body fat
(7). 1t was also recommended as a reasonable upper limit which allows a 5%
body iat interval over the average fatness of fit young males (8). Rather than
accepting a similar 5% interval over the average fatness of fit young females,
the female standards were sstablished relative to the male standards. Thus,
the 8% gap between Army male and female standards denotes a sex-specific
“essential body fat" difference which is commonly estimated at 8-10% body fat
units (9) although even larger differences are observed between males and
female mean values in some studies. The DOD suggested upper limit of 26%
body fat was considered too restrictive for young females since mean fatness of
female recruits was 28% at the time that the standards wers established
(10,11). (For comparison, male recruits averaged 16%). Arbitrary allowances
were also made for age to reflect established but poorly quantified maturational
changes in body fat (Table 1).

Table 1. Army body iat retention standards.

Age range Males Females
17-20 20% 28%
21-27 22 30
28-39 24 32
40 & over 26 34

from: AR 600-9, 15 April 1983

Initiaily, bodv fat was assessed by the Durnin-Womersley equations using
skinfold thickrasses measured at four body sites (12). This was chosen as the
interim method (13), while body fat prediction equations based on a U.S. Army
sample were being developed.® This method was selected on the basis of its

* This was used only as an interim method because of several drawbacks. Skinfold measurement
cannot be reliably used by untrained observers, thus, obesity assessments wer left in the hands ot
specidlized medical personnel who had to be trained and monitored. The equalions apphied to age
intervals which produced distressingly large increments in the estimated body fat for a given sum of
skinfokd thicknesses at certain birthdays. A third problem was that the method was developed on a
population of primarly middle-aged northam Scottish man and women, perhaps teducing the
s+*nility to the U.S. Army population.




historical use in military populations and its field expediency, compared to other
available methods.

The regulation (AR 600-9) was again revised in 1986 to specify a new
procedure for body tat measurement. This method was based on a new set of
predictive equations developed exprassly for the regulation from an active duty
Army sample in the 1984-1985 Army Body Composition Study (14). A key
feature of the method is that it can be applied accurately at the unit level by
simple measurement of body circumferences (Appendix E). For maies, the fat
component is assessed by an abdominal circumference and adjusted for fat
free body mass by a neck circumference and height. For females, the fat
component is assessad by weighit and by a hip circumferencs, with adjustments

Figure 1 (facing page). The relationship between weight and body fat

standards, lllustrated In terms ot military appearance. For pumposes of
comparison, these soldiers are matched by characteristics as young, white,
male soldiers of similar height (See Appendix D for specific characteristics of
these subjects). They are arranged in columns by approximate weights: 145
Ibs (20% undar retention weights), 170 Ibs (approaching retention weight
screen limits), and 195 Ibs (approaching accession weight limits). They are
arranged in rows by approximate percent body fat (measured by underwater
weighing). Ey accession standards, all of these men could enter the Army,
but the two ~oldiers who are overwaight and overfat by retention standards
(c.t) would L3 eliminated if they did not lose fat on the Army Weight Control
Program. The tv,0 overfat soldiers who approach their retention waight fimit
(b,s) wauld also be at risk it a commander chose to have them assessed for
body fst {a commander’s prerogative for a soldier who does not present a
good military appearance). The other two low weight but overlat soldiers
(a.d) could also be identified by a commander although tiis is unlikely,
particularly it their job performance is satisfactory. Thus, by using a weight
screen first, the emphasis of the retention standards is on large fat soldiers
and not on the undermuscular fat soldiers. Accession standards exclude only
the most obese malss. There is no analogous graph for female soldiers
since accession and retention weights are similar and the sample of females
20% below retention weights is small.
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from height, and neck, wrist, and forearm circumferences. This method has the
same range of precision (+3-4% body fat units) found in other expedient
methods based on underwater weighing, including circumferences, skinfold
thickness, other anthropometry based methods, and electrical impedance (14-
15). These methods probably cannot be further improved without a significant
technological breakthrough (16).

Height-weight tables are retained in AR 600-9 as a screen to determine
which soldiers need to ba measured for bouy fat. The use of screening weight
tables is a holdover from the earlier method of skinfold measurements, when it
would not have been practical to routinely screen all soldiers because the
method required trained caliper users, already straining limited resources. The
current Army circumfarence method can be appiied routinely at the unit level
and by soldiers themselves. However, the continued use of weight tables also
provides a margin of safety for the majority of soldiers, recognizing that all
indirect methods of body fat measurement are imprecise. Thus, body fat
assessment is still reserved only for those soldiers who exceed weight tables.

The screening tables were developed to approximate the relationship
between body proportions (height & weight in a spacific relationship of wt/ht?,
known as body mass index) and fatness, as related to the specific age- and
sex-related fat standards. This was achieved by making the 1976 standards
the screening weights for the upper age category (40 years & over) for males
and females, and making the body mass index standards more stringent in the
younger age categories (Appendix Tabie F). In fact, these maximum weights
from the 1976 regulation tormed the basis from which the remaining wsights
and, by revarse calculation, from which reasonable but arbitrary body tat
standards were dsrived. Following the Army Body Composition Study, the
femnale screening weight table allowances were increased by 5% to better align
scigsning weights to the body fat standards (Appendix Table G).

Figure 2 (facing pagse). Plotted values from current accession and
retention welght tatiles for men and women In the youngest age category
(17-20 years). Msan values of the U.S. population (NHANESII) in this age
range are shown +1 standard deviation in the stippled area (66% of sample).

12




17-20 YEAR OLD MALES

WEIGHT (lbs)

B0 d T T cestsiaseneiasreces BN - PO
-8- ACCESSION

260 | | ~— RETENTION
240 4 | ™ NHANESII

220 -
200
180 -
1801
140+
120 |

100 JL~ TTTTIITTTYTYT T T T T T T 1 T 1 il N )

66 568 60 82 64 66 68 70 T2 74 76 78 80 82
HEIGHT (inches)

age ranges for maia accession standards
and tor NHANESI| mean values: 18-20

17-20 YEAR OLD FEMALES

WEIGHT (lbs)

280 1 ]
© ACCESSION

250.{ —— nETENTlON I ©ee e N eeeEneslassas aestacatsisaasecasasasvaatesan
240 :fi\: NHANESI
220 1
200 1 R
‘Bo . o o R P Ty Ceatan v
160
“0.. : ., T T Shee e
120 - .
100 1+ L .ﬁ ey v Y Y ) SEa— =

66 58 60 €62 64 66 68 70 72 ¥4 76 76 8O0 @82

HEIGHT (inchas)

sge range for accession atandarde: 18-20
sge range for RHANESI mean valua: 8-20




COMPARISON OF ACCESSION AND RETENTION STANDARDS

The Army Waight Control Program (retention) reguiation has evolved to an
assessment of fatness by measurement of body fat, but the regulation
governing accessions has not changed from the use of only height-weight
tables for the same purpose of identifying overfat candidates. There is no
correspondence between the weight tables used in the two regulations and
even the age categories are different. Not surprisingly then, the male and
female accession weight tables are in arbitrary disagreement with the retention
waeight screening tables. Their reiationship and the relationship to national
averages are shown in Figures 2 and 3 for the two youngest age categories of
the retention standards (these age ranges represent approximately 95% of new
recruits). The same relationships exist for accession weight standards,
retention weight screening tables, and mean values from the U.S. population at
the two upper age categories.

There is no apparent difference in body mass index of young males and
females, based on the NHANESII data for the youngest age category (16-20
years). Both have a BMI of approximately 22.3 kg/m2, corresponding to mean
body fats of rcughly 15% for malas and 27% for females. Only the range of
heights differs between the sexaes while BMI follows the same continuum.

Retention screening weights reflect the retention body fat standards which
they approximate. For men, these are well above tha national mean while for
women the weight screen is close to the national mean. As illustration ¢f this
point, the mean of young male recruits is 16% body fat and they are allowed up
10 20 or 22% body fat. The mean of young female reciuits is 27% body fat and
they are aliowed up 10 28 or 30% body fat. Thus, the mean fatness of temale
recruits are nearly superimposed with retention screaning weight limits,

Figure 3 (facing page). Plotled values from current accession and
retention weight tables tor men and women in the second youngest age
catagory (21-27 years). Mean values from the U.S. population (NHANESIHI)
for age categories in this range are also shown.
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Accession weight standards do not permit females any significant leeway
compared to the retention standards, while males obtain a very generous
allowance. The female accession tables dsviate from the normal physiological
relationship of body mass index and give up to a 10 Ib weight allowance for the
shortest womer: but are actually more restrictiva than retention weigit screens
for the tallest womzn. The male accession tables exclude vary few otherwise
eligible U.S. males, allowing up to 40 pounds over the retention screening
tables. The accession table weights correspona to the average weight
predicted for you:g males with 32% body fat.

Although any limiting standard drawr through the continuous range of
observed body fat is necessarily arbitrary, the drawing of eriforceable lines for
fatness has effectively eliminated gross obesity from the U.S. Army. As a result
of standards which they know they must meet, soldiers have been driven to
exercise more and to be more careful about their eating habits. Thease positive
aspects of the regulation are undermined by the mismatched accession
regulation which injects more fat soldiers into the system. No new data
collection is required to determine if there is a discrepancy between accession
standards based on height-weight tables and retention standards which are
based on body fat. Likewise, there is an obvious ditference in the standards
which have baen set for men and {or womaen.

This study was conducted to explora the relationship between thesa ‘wo
stancards for males and females. This was done by examining the relauonship
of excass fatness, as defined by current retention standards, to atinition,
physical performance, and achievable weight and fat loss in new male and
temale reciuils.
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METHODS

This study was designed and conductad in response to a request from the
Office of the Deputy Chief of Staff for Peisonnel, conveyed through the Office
of the Surgeon General. The protocol was approved by the Human Use
Review Board on 20 April 1988.

STUDY SAMPLE

The purposes and procedures of this study were explained to approximately
2000 new recruits and 1894 volunteered to participate and gave their written
informed consent. Other routinely collected information such as APRT scores
was tabulated from unit records for 2623 (96%) individuals in the training
companies containing formal study subjects (Appendix H). Subjects were
recruited from all female companies formed during the study (approximately 1
company/week). Participation was invited for all male scldiers in one or more
companies per week, selected from a larger pooi of subjects in order to roughly
match the number of women in the study. initial measurements were obtained
between 11 September and 9 October 1988. The last group of recruits was
followed through graduation from Lasic training on 16 December 88 and a final
mailed foilowup of all subjects was performed approximately six months after
the end of basic training.

The mean age of these recruits was 20.1 +3.3 (range 17-40) and 20.2 +3.5
(range 17-35) years for males and famales, respectively. Distribution of the
three principal ethinic groups represented was: for males - 58.7% white, 30.9%
black, and 6.5% hispanic; and for femalss - 46.8% white, 44.6% black, and
6.2% hispanic. National Guard and Army Reserve Components comprised
20.4% of male and 22.8% of female basic trainees. Femaie recruits were
assigned primarily to low aerobic demand specialties (17); three fourths were
assigned to: 76Y (supply), 94B (cooks), or CMF 33 (signal specialties). No
concentration of specialties was evident for male rocruits. Detailed analyses of
the diet (at this time) and physical activity (in a 1934 study) ot Fort Jackson
basic trainees are available in two previous USARIEM technical reporis (18,19).
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IDATA COLLECTION

Data was collected as follows and as summarized in Table 2.

Reception Station data collected by study team. The consent form and an
extensive activity and health history questionnaire (results to be reported

separately) ware completed by all subjects in groups of 100 or more. Height,
weight, grip strength, flexibility, and circumferences for tody fat estimation were
measured directly. Height was measured without shoes. Weight was obtained
and recorded for soldiers in stockinged ¢eet, t-shirt, and either jeans or BDU
trousers and bselt. Circumferences were measured with a Gulick tape measure
in accordance with procedures outlined in AR 600-9 (13 Feb 1987). Grip
strength was measured with a dynamomster {20) and the mean of three trials
was recorded. Flexibility was measured using a sit and reach device (21) and
the mean of three trials was racorded.

Military Entrance Processing Station (MEPS) information obtained from
recruits’ medical recerds screening. Starting within 1-2 weeks after recruit

arrival, individual medical records were screaned for height, weight, age, and
ethnic origin as recorded during the MEPS station inprocessing. These heights
and weights are cbtained from soldiers wearing only underclothing.

APFT data collected from unit records. APFT test results were obtained
from unit records ior all recruits. who took the test. This test was administered
by the third day of basic training and again in the last week of basic training.

Discharge end recycle data. All separation actions during the basic training
period were documeniec for study subjects. This information was also obtained
for study recruits continuing with Advanced Individual Training at Fort Jackson.

Six_month post-basic training followup. Height, weight, and circumference
measurements were obtained by surveys mailed to compzny commanders at
the soldier's current duty station six nioaths after graduation from basic training
(Appendix ). These addresses were obtained from the Army Enlisted
Masieifile. The printout from this lile was performed at an average of 6.7
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months after soldisrs’ completion of basic training. The disposition of
unavailable soldiers was requested, if known. An initial mailing to 100 of the
study soldiers was performed to test the questionnaire and the mailing list
(using an earlier printout). A subsequent mailing to the remaining subjects was
performed within 10 days of the receipt of an updated address list (21 July 88).
Commanders were given a 20 day suspenss from the date of mailing. A
followup mailing to all nonrespondents (using the same address list) was made
20 days after the suspense for the first mailout. All returned surveys were
analyzed 60 days after the last mailout (10 November). Surveys ware returned
for 75% of the subjects by their units.

DATA ANALYSIS

Data was analyzed with the SPSS-X statistical package (Chicago, ILL),
using chi-squared analyses, t-test comparisons, and simple regressions. All
EAD and basic training data was analyzed using the entire sat of available
recruit data. Comparisons between survey data and EAD data were made only
for the subset of active duty soldiers with complete anthropometric data. Mean

Table 2. Data collected on recrults starting with basic training at Fort
Jackson in Fall 1988.

MEPS station Reception station End of training 6-9 month followup
(retrospactive) (onsite study) (unit testing) (mailed survey)
height haight height height

waight waight waight weight

*APFT results APFT results

circumferences circumferences
discharges---——--— - discharges discharges
flexibility

grip strength

* results for the diagnostic APFT administered at the start of basic training are mixed with 1 mile
and 2 mile run tests; APFT tast resuits wete oblained al the end of basic training with 2 miie run
tasts only.
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values are shown tstandard deviations. All study team measurements were
recorded in metric units. These have been converted to English units in the
results section of this report for consistency with the regulation (AR 600-9) and
to match the units used in other phases of the data collection.

Body mass index (wt/ht?) was calculated for males and females in this study
as the most appropriate unitary expression relating body proportion and size to
fatness (22). An alternative index, wit/ht'®, has been suggested to be a more
appropriate expression in prediction of weight for females; however, based on
the resulits of a stepwise regression using data from the Army Bocly
Composition Study, we found that for both males arnd females, BMl is a
superior predictor of fatness.

The primary breakdown of data in this study was performed as a
dichotomous "within" or “exceed" weight-for-height tables, or "within" or
“exceed" fat standards. Distributions around these standards are expressed as
a difference from the recruits’ individual (age- and sex-specific) standards, in
positive (exceed limits) and negative (within standards) BMI or % body fat units.
Cutpoint values used in this data analysic are shown in Table 3.

Percent body fat was calculated according 0 the relationships listed below.
Using English units of measurs, these yield the samea results as the current
computation tables in AR 600-9, for the 1/4" intervals offered:

MALES: % BODY FAT = 46.89 - (68.68 * LOG (HEIGHT)) + (76.46 *
LOG (ABDOMINAL CIRGUMFERENCE - NECK CIRGUMFERENCE))

FEMALES: % BODY FAT = {0.44 * HIP CIRCUMFERENCE) + (105.33 *
LOG (WEIGHT)) - (1.31 * HEIGHT) - (3.99 * FOREARM CIRCUMFERENCE) -
(1.35 * NECK CIRCUMFERENCE) - (0.51 * WRIST CIRCUMFERENCE) - 71.78

The reliability of MEPS and survey data was tested using team-measured
height as a check measurement. These measurements by the MEPS and by
soldiers' first units overestimated height by 0.9 and 1.1 cm (Apperdix J). A 1.0
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cm (0.4") overestimate in height reduces calculated body fat in the midrange of
statures by 0.2% and 0.7% body fat units for men and women. To reduce the
influence of this one source of measurement error, ail body fat calculations
were made using the initial study team measured height.

Table 3. Current Army standards ot body mass Index (BMI) and fatness
by age category. Tables are shown in Appendix B & G. Note that BMI and
%body fat are not numerically equivalent expressions.

1. Accession - height-weight standards (expressed as BMI)

16-20 21-30 31-35  36-40

Male 39.9 31.8 N7 30.8
Female* 228 23.7 24.4 24.9

2a. Retention - height-weight screen {expressed as BMt)

16-20 21-27 28-39 40+

Male 259 26.5 27.2 27.6
Female 229 23.5 24.3 25.0

2b. Retention - body fat standards (percent body fat)

16-20 21-27 2839 40+

Male 20 22 24 26
Female 28 30 32 34

* BMI relationships ara not consistent for famale accession tabies and produce sharp inflections
talow 64" in height; in this table BMI is given for women 66-67° but these standards were mole
precisely detined by haight for *within® and *exceed” standards analyses in this repbit. An
additional age category for wamen (21-24 and 25-30) has been coltapsad into one categoly o
match the male standard in tug table; the more precie ags breskcowns preseribed in thw
accassion waght tables wiste usad in the daa analysis.
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RESULTS

DISTRIBUTION OF NEW RECRUITS BY WEIGHT AND FAT STANDARDS

Distribution by welght standards (Figure 4, facing page). The distribution of
recruits by accession and retention weight limits are shown in Figure 4. These
are expressed as body mass index (BMI) units, to express weight-for-height
correctly. A small percentage of men (5.5%) exceeded even the lenient male
accession weight tables. A much larger proportion of these men exceeded the
retention weight screen (30.8%), reflecting the large gap between the accession
and retention weight tables for males. Although none of the overweight females
exceaded the accession standard by much (at most, 3 BMI units), 32.1% were
above the standard on entry to active duty and 36.9% exceeded retention
scresning table weights. (One BMI unit corresponds roughly to 6-7 Ibs).

Fatness of new recruits (Figure 5, next page). The distribution of new racruils
by percent body fat is shown in Figure 5. Mean body fat was 16.1 +5.8% for
males and 26.8 +4.2% for females. Males averaged -4.6 +5.9% body fat units
below their limit, while females averaged -1.8 +4.2%. Breakdowns by age and
ethnic origin are shown in Appendix K.

Distribution by fat standards, within welght standards (Figure 6). The
distribution of new rectuits with respect to the proximity to body fat retention
standards is shown in Figure 6. Only 4 males out of 54 who were overweight
by accassion weight standards were within the retention fat standards. A large
portion of the males who fell baelow accession weight standards, but who
exceeded retention weight screen imits, met body fat standards (shaded
portion, below tat limit). Tha highest body fat measured in a male recrult,
acceptable by accession weight tables, was 34% or approximately 14% body
fat units excass.

Compared to males, a large portion of temales who exceeded accession
welght standards were within retention body fat standards {10.9%).
Theoretically, these women shoukd not have been allowed into the Army, by the
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directives in force at the time of this study. Presumably, others in this category
ware turned away by recruiters for failing to meet the accession weight
standards.

The distribution of females around their fat standards represents a narrower
range than the distribution of men. The minimum portion of new recruits who
would qualify for the Army Weight Control Program if they were immediately
held to the regulation, are depicted in the shaded (including solid shading)
areas which span the overfat region. 19.7% of all new male recruits and 25.4%
of the female recruits fall into this category of overweight and overiat.

ATTRITION AND FATNESS

A summary of separations and known reasons for separation is shown in
Table 4. Overall attrition rates are estimated as the sum of the basic training
rate (all soldiers studied) and all losses in the period following basic training
(National Guard & Army Reserve soldiers not continuing on active duty are
censored from the rate). These rates were roughly 15% for males (5.3% in BT,
9.7% after BT) and 40% for females (7.2% in BT, 34.1% after BT). Five times
as many females as males attrited from active duty after basic trairing but
before the survey ("Attrited before survey®, in Table 4). Thus, attrition in basic
training was higher for females compared to males (relative risk = 1.4; chi-
squarad analysis, p<0.05), and this risk further increased for famales in the 6
months after basic training (relative risk = 3.5; p<0.001).

The reasons for this attrition are not known but it is evident that femrale
attritees were not fatter than retained soldiers. It is also clear that the
relationship between success in the Army (i.e. retention) and body composition
is different between males and females. On a univariate level, there is a trend
for increased attrition in males with increasing fatness (correlation cosfficient =
0.72, p<0.01), while the female relationship, it anything, refiects a dacreasing
risk of discharge with increasing percent body fat (correlation coefficigit = -0.37,
p=0.29)(See Figure 7 which shows attrition rates for the subset of recruits with
known body compasition).
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Table 4. Summary of identified separations in the study group.

Basic training First unit

Chaptertype of separation M F M F
5-11, Medical fitness* 3838 39 4 2
5-13, Personality disorder 0 3 1 6
5-15, Weight control failure - - 2 0
5, Unspecified, Convenience of Service 7 5 0 2
6, Hardship/dependency 0 1 1 0
8, Pregnancy - - - 5
9, Alcohol & Drug Abuse 0 0 1 1
10, Good of the Service - -- 1 1
11, ELS periormance & conduct 2 23 2 7
13, Unsatistactory performance - - 2 1
14, Misconduct 0 0 3 0
15, Hoimosexuality 2 0 0 0
Unidentified separations** 2 7 24 32
Dropped from rolls 0 1 4 1
ATTRITED BEFORE SURVEY - - 57 228
Total separations 81 79 102 285

total in each sample 831 1092 1047 838

% of each sam:ple 53 7.2 9.7 344

* primary diagnoses given for medical discharges during basic training were:
asthma (10 males, 3 females) and pes planus/cavus (8 males, 11 temalss).

** thesa were usually surveys retumed from a Separation Point address.
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It is not surprising then that males who were overfat by retention standards
when they entered the Army had a greater risk of attrition than males who were
within standards (relative risk = 1.3, p=0.09), while overfat females had about
the same risk as initially within-standards females (relative risk = 1.1, p=0.32).
The most significant relationship to emerge between body composition and
attrition for males or females was that heavy females (high BMI, not necessarily
high body fat) were at lower risk of attrition. Thus, the females who exceeded
the weight screening tables for retention standards were more likely to be
successful in the Army (relative risk = 0.7; p<0.001).

A more sophisticated multivaniate analysis was performed using a logistic
regression to compare measures of fitness (2 mile run time, push ups, sit ups),
fatness, and BMI against attrition. For males, run time was the only variable
associated with attrition, replacing the body composition measures which are
weaker factors of the same fitness variable. For females, body fat vas a
significant factor, while situps and BMI were inversely related to attrition. Thus,
for males aerobic fitness is a better predictor of discharge than percent body fat
while in females the model indicates that both BMi and body fat are predictive
of attrition, with BMI bsing a protective factor. Thus, females who are strong
and overweight (but not overfat) are more likely to succeed during their initial
period of Army seivice.

PHYSICAL PERFORMANCE AND FATNESS

The relationship between fatness or body weight and physical performancs,
as measured primarily by initial APFT performance is shown in Table 5.
Performance measurements ware consistently lower {fun times ware increased)
for males exceeding retention fat standards compared to within-standards
males, but these diffarences were tess evident for females sorted on the basis
of their fat standards. Even though all APFT values were markedly improved
by the end of basic training for both males and lemales, and even though
substantial weight loss was achieved in the overiat or ovenweight males and
females, difterences in performance beiween the initial groupings persisted.
The differences tor males may have bgen even more pronounced since 22.6%
of overfat males did not take the final APFT, compaied to only 12.6% ot males
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Table 5. Mean values of physical performance measures for recruits,
compared by retention BODY FAT STANDARDS at EAD.

Males

Within Exceed p

Females

Within Exceed p

Percent body fat

Push ups (count)

Push ups (count)

end of basic training

Situps (count)

Situps (count)

end of basic training

One mile fun (min)

Two tmile fun (min)

Two mile mun (min)

end of basic training

Floxibility (inches)

Grip strength (ibs)

13.7 240 248 30.8
+4.0 126 +29 19
320 26.0 <0.001 109 8.8 0.001
+123 115 +75 65
52.7 46.7 <0.001 284 26.2 0.005
+124 +11.2 +96 198
452 37.7 <0.001 351 32.0 0.007
+10.8 +12.1 +14.1 £13.1
656 60.7 <0.001 619 604 Q.12
+113 1106 +10.9 127
7.37 8.36 <0.001 10.37 10.89 0.018
+0.80 +0.89 +1.83 +2.03
15.97 17.90 <0.001 20.17 2065 Q08
+1.88 +2.42 +2.37 +2.18
13.87 14.69 <«0.00% 17.31 1769 0.002
+1.08 +1.05 +1.80 +1.40
334 330 Q45 342 342 088
+70 165 6.2 59
1i9.4 1213 026 69.0 650 <0.001
+20.0 219 +13.8 117

note: probability indicaies resuits of t-test comparnison between groups.
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below retention fat standards (chi-squared test, p <0.001). An even larger
proportion of female rectuits failed to take the test but there was no difference
with respect to retention body fat standards (26.6% "within" vs 27.4% "exceed").
Thus, the fatness of males not representad in the final APFT results was
17.446.7 compared to 15.9+5.6% body fat for all males taking the test (t-test, p
<0.001) while there was no difference in the average fatness of females taking
the test (26.7+3.7% body fat) and those not taking the test (26.9+3.7% body
fat).

The relationship between run time and fatness at EAD is depicted in Figure
8. For males, run time performance worsens with increasing fatness above
18-20% body fat. Mean run times for males above this level of body fat did not
achieve the minimum 2-mile run time standard set for the youngest men (right
hand arrow). Correlations suggest a trend ifor both males and females, with a
tendency for fattest males and females to produce slower run times, but the
slightly bimodal relationship between fatness and run time is much fiatter tor
females. Mean values for female recruits cid not achieve the minimum run time
standard set for the youngest age category at any interval of percent body fat.

The relationship between strength, based on grip strength measurements,
and BMI is illustrated in Appendix L for within-fat standards recruits. The
recruits with the lowest BMI had the fowest strength measurements.WEIGHT

LOSS AND ACHIEVABLE CHANGE IN BODY FAT

Weight loss in basiec training (Figure 9, facing page). Weight loss during
basic training was greatest in the fattest recruits. Mean changse in weight
compared by initial (EAD) fatness is shown for males and females in Figure 9.
Females lost weight at ail intervals of fatness but, individually did not lose as
much weight as males in the upper ranges of fatness. Thus, overall changss
were -0.4 +6.8 Ibs (males) and -2.5 15.7 lbs (females) but the changes within
subgroups by fat standards were +1.0+6.3 and -5.1+6.4 1bs for within- and
axceed-fat standards males, and -1.9:4.3 and

-3.2+4.1 Ibs ior temales, respectively.
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Weight change between EAD and 6 months after basic training. Following
basic training, male weights continued to change in the same direction taken in
basic training, while females at all fatness intervals regained lost weight and
added more weight (Figure 8). Overall changes (from EAD tc 6 months after
basic training) were +1.9 +11.9 ibs (males) and +4.8 +7.9 Ibs (females). The
leanest females lost the least amount of weight during basic training and gained
more weight at their first unit, compared to females at higher levels of fatness.

Distribution by fat standards, EAD compared to first unit. Fifty-three
percent of male soldiers who were overfat at EAD met their fat standards when
surveyed six months after basic training. The proportion of overfat males
decreased from 23.1% (EAD) to 13.3% (6 months)(p < 0.01). Males less than
4% body fat units over their fat limit at EAD achieved a mean decrease of
2.9+3.0 % body fat units, 8 months after the end of basic training. Units
reporied that 5.8% of all the studied males were on the Army Weight Control
Program.

Within the sample of retained temales with complete data, 35.4% exceeded
fat standards at EAD and 30.7% exceeded standards 6 months after basic
training. The propertion of initially overtat females who later met their tat
standard was significantly iess than for initially overiat males (35% of overfat
females vs 53% of overfat males, met standards later; p = 3.02). This was also
reflacted in a smalier mean dacrease of 1.4+3.7 % body fat units for females
initially less than 4% over their fat limit. Units reported that 8.9% ot the studied
female soldiers were on the Army Weight Control Program, six months after
basic training. Pregnant soldiers ware excludsed trom ail weight and fat
analyses.
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DISCUSSION

Since the early 1980’s, the Army has placed increased emphasis on a trim
military appearance. This policy has been implemented and rigidly enforced
through an expanded program which has become integral to the Army, from
mandatory biannual weigh-ins of all personnel to the display of weight and
haight on personnael efficiency reports. This emphasis is a result of the
leadership’s conviction that trim appearance is indicative of a disciplined,
motivated and combat-ready soldier. This program is currently handicapped by
the existence of two separately developed and unconnected Army Regulations
that bear on weight control, one which allows overfat soldiers into the Army (AR
40-501, Medical Fitness Standards) where they will be in violation of the second
(AR 600-9, The Army Weight Control Program). Logic would suggest that the
two should be linked, with the accession standard based on the retention
standard. The retention standard, in turn, should be based on objective criteria,
6.9. physical requiremants for a combat performance test. This is also not the
case.

The results of this study not only allow us to address the original issue,
gender bias in the accession standards, but aiso allow us to address a number
of issues and problems created by these two disparate programs.

EFFECT OF ACCESSION WEIGKT STANDARDS ON SOLDIER FATNESS

The purpose of accession weight tables is to screen out individuals who are
unlikely to be successtul in the service. This lack of success includes the
inability to meet retention iat standards. The current accession weight tablas
permit entry of virtually ali ottierwise qualifiad young males, including some very
fat males who are untikely to ever achigve retention {at standards. Even so, the
proportion of overtat male recruits who are accepted under these lenient
standards is relatively small (23.1%). This is due to the fact that most young
males in the U.S. population are considerably below the Army fat standards and
fuither opening this wide window does not increass the candidate pool as much
as a similar increase would for females. Most young females in the U.S.
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population are clustered near the retention fat standards for females, i.e. the
standard is only 1.2% body fat units above the mean fatness of new recruits, a
difference which is within the margin of error of most methods of body fat
estimation. This results in a considerable spillover into the overfat range.
Thus, even though the female accession waight standards are not more lenient
than the retention weight screening tables, 30.6% of all new female recruits are
overfat by Army standards. None of these recruits are very fat by comparison
to national averages and most only slightly exceed the Army standards. Orie
fourth of all female recruits exceeded the standard by less than 4% body fat
units (equivalent to 5 or 6 pounds of fat weight in an average female recruit).

These various standards and averages can be better appreciated if the
same proparty (ie. percent body fat) is compared. Body fat is used for
individual assessments in the Army Weight Control Program because it more
directly reflects obesity than body size (weight-for-height), but the two are
somewhat correlated and an average fatness can be predicted for a group of
recruits of given body mass index. Accordingly, Table 6, below, shows percent
body fat equivalents estimated from body mass index using regressions from
our current Army recruit sample. These values for percent body fat
demonstrate the sizeable allowance for male fatness between the accession
and retention standards, and again between the retention standards and the
nationai average. Females are not granted a similar allowance. The
approximated body fats allowed for females are virtuaily identical to the national
average, for both the retention fat limit and the accession fat limit equivalent.

The eftsct of the proposal from the Detense Manpower Data Center to sut
accession weight standards at 120% of the national mean (3) can aiso be
clearly observed in this comparison. The proposed change would increase the
limit by approximately 10 percent body fat units cver the rationai mean for both
men and women. While this would exclude more equal propontions of males
and temales from Army service, 1t would also produce a very large increase in
the proportion of overfat female soldiers by raising the upper range of entry
leve! fatness. Without a change in retention standards, this would substantially
increase the proportion of female soldiers, compared to male soldiers, subject
to the punitive measures of the Army Weight Control Program (compare
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Table 6. Percent body fat (actual or equivalent) of recruits, retention and
accession standards, and national averages. Note that percent body fat
increases faster than body mass index, thus 20% over the average weight (for
height) is reflected in this table as a 50-60% increase in tatness of males and a
32% increase in fatness of {emaies.

Males Females
Age category --> 17-20 21-27 28-39 17-20 21-27 28-39
Recruits in this study 156 17.0 26.8 26.3
(mean value)
Retention fat stds 20 2 24 28 30 32
(upper limit)

*Accession weight tables (32) (34) (33) (28) (30) (32)
(upper limit)

*NHANESII weight (15) (19) (20) (27) (30) (33)
(mean value)
*120% of NHANESII (24) (29) (30) (36) (40) (44)

* gstimated from regression of body mass index and percent body fat estimatad by AR 600-9, from
all new recruits in this study. Equations: males: %body fal=(BMI-14.67)/0.51 4, r=0.82, n=1048;
females: %body tat=(BMI-9.89)/0.459, ra0.86, n=816.

“retention fat standards” to “120% of NHANESII" in Table 6). Besides raising
the average fatness of new recruits, this approach ruprasents ar. arbitrary quota
linked to a gradually changing national average.

Mean weights in the national population have increased over tha past
decade for specific segments of the population. Chssily is variously reported to
be apidemic in older black females (23), increasing in poory educated womsen
(24), and more prevalent in hispanic males ard females (25).° Concern is

B

* Our sample ot Army recruils are already selected on the basis of tha aecession weight tables and
include a younger age sample than thase obesty studies. Accordingly, our samplo does not reflect
these trends; black male and black temale recruits had sgnificantly lowet percant body fat in our
Study.
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expressed about the health of these overweight minoritias but this obesity is
defined only with respect to national weight averages which reflect the norms of
predominantly middle class young white men and women. lIts true significance
in terms of health risks in minority ethnic groups may not be the same as in the
more studied middle class whita population and this haalth-related standard is
not even theoretically related to the principal goals of the Army Weight Control
Program (combat readine:ss and military appearance;. Regardless of the health
relationship, body weigh' (BMI) to body fat relationstips vary between ethnic
groups (26-28). Thus, linking obesity standards to national weight averages is
not only arbitrary and ever changing, it is likely to b arbitrarily discriminatory to
some minorities, especially non-white females.

RELATIONSHIP OF ACCESSION STANDARDS TO ATTRITION AND
PHYSICAL PERFORIANCE

In this study, fatness did not appear to be a principal reason for attrition
from the Army. Nor was fatness or weicht a principal discriminant of attrition in
a previous study from this Institute, performed on basic recruits at Fort Jackson
in 1978 (29). In that study, mean body fat (as estimated from skinfold
thicknesses) of the male and female recruits was 16 and 28%, body mass
index was 23 and 22 kg/m?, and the initial one mile test timas were 8.2 and
11.0 minutes (10,11), indicating little charge in the fitness and fatness of
recruits over the past decade. The principal determinants of attrition at that
time wera psychological factors, comparative fitness, and age. Atiritees scored
poorly on psychological inventories (assessing locus of control and tendency to
psychosomatic ilingss) and they tended to be older and had a reduced
comparative fitness ievel (lower lavels ot physical fitness when asked (o
compare thamselves with other men and women their own age), but these
determinanis accounted for anly a srmall propoition of the attrition, with most
remaining unexplaired. Despite the similarities in the characteristics of racruits
in the previous and current studies, the rates of attrtion during basic training
were higher {12.1% for men and 11.9% for women) than the rates obtained in
the current study (5 3% for men and 9.7% for women). This suggests that
attrition rates are determined by policies governing soidier discharges from
basic training, in addition to specific charactenstics of the recruils.
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Our study does not assess attrition due to failure to meet weight conirol
standards since soldiers are generally given six months to achieve standards
before any separation actions are initiated. The timing of our followup survey
avoided this complication which would have been reflected as an increased
attrition in the higher body fat and body weight rarge. This is a significant
reason for attrition after the first few months of service. Separations from the
Army for failure to meet weight control standards have increased sharply in the
past three years, with over 2,000 soldiers separated in 1989 (unpublished data,
ODCSPER).

Male attritees in the previous study at Fort Jackson (29) also had
significantly lower lean body mass. This is similar to our current finding that
overweight (but not overfat) females were underrepresented in the attrited
sample and it supports the notion that underweight and weak recruits are less
likely to succeed than overweight recruits. We also found that recruits with the
lowest BMI had the lowest average grip strength for both males and fernales,
further illustrating the positive relationship between strength and size.

Using a much targer sample, the Defense Manpower Data Center study
found a gradual rise in attrition rate among recruits who exceeded the national
average weights, beginning above a BMI of 26 kg/m® and, at the other end, with
a sharp rise beginning below 16 kg/m?; the range of female waeights was
already too constricted to determine the possibility of a similar relationship (5).
A relationship at the low end of BMI can bae rationalized in terms of inadequate
muscie mass for performance of military duties and/or low weight as a symptom
of underlying disease. Reasons for male attrition associated with high BMI are
unknown but clearly different, and apparently these have diminished over time.
A more recent study reexamining weight and attrition from the military reports a
shafp decrease in Army attrition rates batween FY82-84 and FY85, with
essentially a flat line representing attriion raie plotted against BMI in FY85 (30).
This is consistent with our findings.

For nearly all components of the APFT, overfat males and females in this
study could not perform as well as those within the retention {at standards.

These differencas in physical performance were greater for males than for
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females. This may reflect basic sex differences in the relation between physical
performance and fatness but it also likely refiects the lower level of physical
fitness of the female recruits at any level of fatness and the narrower relative
rangs of fatness of our female recruits. The accession weight standards
already exclude females in the higher ranges of body fat and the span of
difference between mean fatness of the two groups of females was smaller (6%
body fat units) compared to a span of over 10% body fat uniis between the two
male groups. However, thesa results are further confounded because overfat
males were less likely to take the APFT, compared to within-standards males.
The net effect of this is to make scores closer instead of more disparate. While
there was no apparent difference in female APFT participation on the basis of
fat standards, an even higher proportion of all females than of the overfat males
failed to take the test, possibly introducing other unidentified confounders.
Within the context of this study’s limitations, the current retention fat standards
appear to be better discriminators of physical performance in male recruits than
in female recruits. Based on initial 2-mile run times, 20% body fat is an
appropriate standard for young males, since this is the breakpoint above which
two mile run time progressively increased (ie. aerobic performance decreased)
in new recnuits. The range of female fatness in this study group does not
encompass a break point. In other words, the retention fat standards can be
related to physical performance in males, while this remains to be demonstrated
for the fomale standards.

LINKAGE BETWEEN ACCESSION AND RETENTION STANDARDS ON THE
BASIS OF ACHIEVABLE FAT LOSS

Qbserved changes in weight and circumierence-based fatness provide
some rationale for different allowances baetween retention and accession
standards for males and females. Males who exceeded their retention standard
by up to 4% body fat were likely to achiave their tat standard by six months
after basic training. This suggests that males, young males, as an exampls,
could be allowed 24% for accession and be expected to meet the current
retention standard of 20% body fat within a six month period of time after basic
training. Males and females were both clearly capable of significant weight loss
during basic training but only the overfal males maintainsd this weight loss.
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Althcugh some averfat females later achieved their standards, a larger
proportion of overfat females, compared to overfat males, did not. Others, who
were jusi under their fat standards at EAD, exceeded thelr fat limit by the time
of the survey. Thus, the proportion of overfat females at their first unit was no
diffarent than the proportion when they first entered active duty, even though
some transient weight loss was accomplished in the interim period of basic
training. The reasons for this gender difference are unknown but may be
attributed to motivational differences related to differences in the current
standards, differences in the physical demands of assigned speciaities,
differences in recreational physical activity and other social factors, and
physiological differences in fat regulation. The reasons for this discrepancy
need further study before an accession fat allowance above the current
retention fat standards could be justified for temales.

At least a partial explanation of the weight gain in females following basic
training resides in the type of job that recruits were likely to move on to. Nearly
all of the assigned job specialties for females in this study group are rated as
sedentary, while males were assigned to many jobs which requira a high level
of aerobic and/or strength capability and involve a high level of regular physical
activity. The temporary weight loss in basic training indicates that the longer
term outcome might be improved if effective weight loss assistance in terms of
exarcise and reduced caloric intake was provided to overfat soldiers. Currently,
the level of this assistance is determined by the unit commander, presumably,
most programs will be directed as only an extra duty by a soldier who seives as
the unit Master Fitness Trainer. Our results suggest that female soldiers fresh
from basic training should be primeg iargets of an effective fitness program.

Although a change to body fat accession standards would ensure accession
of recruits who would be better abie to comply with the standards of the Army
Weight Contro! Program, the availability of recruits could change substantially,
especially for females. An allowance of 4% over each of the current age
standards would exclude 8.5% of the males currently recruited (Table 7). With
no allowance (i.e. accassion standards = retention standards), 22.7% of current
male recruits would be excluded. The eftect of an accession allowance is more
dramatic for temale recruits because of the clustering around the upper limit. if
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Table 7. Percent of new male and female recruits affected and total
excluded with allowances ahove retention body fat limits.

%body fat units % Males Cumulative % Females Cumulative
above standard  in group % excluded ingroup % excluded

no allowance - 227 31.6
+ 0-2% body fat 8.0 14.7 14.6 17.0
+ 2-4% body fat 6.2 8.5 11.9 5.1
+ 4-6% body fat 43 4.2 4.4 0.7
+ 6- % body fat 4.2 0.0 0.7 0.0

candidates were held to retention body fat standards, 31.6% of all current
female recruits would be excluded (12.6% of the remainder would later become
overfat). A 4% allowance 2hove the current fat standard would exclude only
5.2% of current recruits. This loss of eligible female candidates would be
partially offset by an unknown proportion ¢t overweight but within-fat standards
females who were exciuded from this samp'e of recruits. However, since the
time in which our data was collacted, recruits are being accepted it they meet
either the accession weight tables or the retention body fat standards. Thus, a
change to the current female retention body fat standards could only reduce
current recruitment.

it is also apparent from this study that the concern about accession
standards treating males and females with equal faimess neads to be extendsd
to the retention standards. Specifically, temale retention body fat standards
should be reconsidered since the current standards may be physiolagically
more stringent for females than for rales. As an illustration, males might have
considerably more difficulty in achiaving and maintaining their fat standards it
their upper limit was only 1.5 percent body fat units above their average
fatness, as it is for the young femaie recruits. A body iat standard equated on
this basis would be 17% instead of 20% for young males. In view of the
weaker relationship batween female fat standards and pertormance, a more
appropriate adjusiment is to elevate the standard for young female soldiers
from 28% to 30 or 31% body fat.




SEX DIFFERENCES IN FAT DISTRIBUTION AND REGULATION

Primary conclusions from this study about changes in body fat are derived
from the use of the current Army circumference equations for predicting body
fat. These equations were developed from a cross-section of soldiers at one
point in time and have not been tested for suitability in avaluating small or
short-term changes in body fat as employed here. Thus, their suitability for the
accurate assessment of body fat change is unknown. Several studies (31-33)
indicate that anthropometric estimations of bedy fat are relatively insensitive
and should not be used to predict small or acute change. Furthermore, the
male and female equations, using different measurements, may not estimate
body fat changes to the same degree of accuracy in both genders or in certain
types of individuals.

Despite these limitations and qualifications, other evidence suggests that
the differences in the ability of overfat male and female recruits 1o meet their
standards after basic training are real. This evidence comes from other
measurements in the study and from other studies of sex differences and
region-specific differences in fat loss. To begin with. females almost certairily
lost body tat during basic training, since at all fevels of fatnass there was a
mean reduction in weight, even while lean body mass may h~ve been
increasing (34). Following basic training, there was a mean increass in waeight
at all intervals of fatness. This can be reasonably assumed to be due to fat
rather than lean body mass gain, since exercise levels for mos: soldiers would
have been g eatest during basic training, not after basic training. A Tain in tat
weight is also consistent with a previous study from this Institute which tellovwsd
a small sample of {emale West Point cadets over a two , ‘ar pahwod, fir ling an
initial reduction in body fat when the training was inlensive, and " 3n & gradual
increase {0 higher than initicl fatness (35). In the current study, hip
circumterence (weightad against *fat” in the female equation) increased by more
than 1/2" between EAD and 6 months after basic training. Along with the
average 5 Ib gain in waight, these two factors 1 :present a ‘heoratical incieass
of approximately 2% body fat units for the typicai 125 b female recruit. These
estimations are oftset by increases in neCy, arm, and wiist circumferences
which represent lean body mass in the equation. Thus, observed changes in
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the actual measurements used in the body fat equation also suggest that there
was no significant mean female fat reduction, even though a transient reduction
probably occured during basic training.

There is also a physiolegical rationale why females are less likely to
decrease fatness to mest their arbitrarily set retention standards. In contrast to
males who may be protected from fat accumulation by their sex steroids, in
females fat storage is promoted by estrogens. Estrogens enhe :Ce
accumulation in specific sites such as the gluteofemoral region (buttocks, hips,
and thighs), creating the typical female pear shape (36-38). Femaies deficient
in estrogen, such as postmenopausal women nct treated with estrcgenic
steroids, tend to lose the pear shape vor lack of a continued estrogen effect.
Normal females aiso hava a different balance ot internal and subgutaneous
body fat than men, with a greater proportion of subcutaneous fat {39-40); thus,
they "wear” more of their fat on the outside. There are signiiicant differences
between these various subcutanecus sites in terms of tha type of fat and its
likely function (which may be protecuve, structural, or energy storage) and this
varies with race as well (41). As an example of these specialized functions, the
accumulation and mobhilization of breast and thigh ‘at is largely determined by
hormones impontant in piegnancy and lactation (42). Thus, thigh fat, one of the
most immovable fat stores, may bie primarily rmopilized by hormgnes secreted
during lactation, while being relatively uninflusnced by exercise and caioric
rastriction (43-45).

This also means that the temale site which is assessed in the female tat
equation, the hip circumizrance, is ong which i3 reasonably suscaptible to
exsicise and diet control both in terms of tat mobilization and accumuylation.
Fat stores which fnay be under less voluntary contrg! by the individual, such as
thigh {at, ara not. Furthermore, due < the absence of high levels of male sex
normones, nomal females do not have the same capacity o incraass musgle
mass as malas. This means that, with less variability from muscle mass,
weight is better associated with total fatness in temales than it is in males and
is also appropriately selacted as a component of the fainsss predictior. The
waist circumference used in males is probably not appropnate for 8t estimation
in Army females. Abdominai {3t is found in excessively obase woman (when it
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would also be measurably increased on the hips and in total body weight), but it
is also found in women who are more masculinized, as characterized by excess
fat in an "apple" instead of "pear” configuration (46-47). While women with this
male type patteri of fat deposition may carry excess fat, these are also some of
the women likely to be able to dovelop the greatest muscularity (48) and upper
body strength. An abdomina! measurement in females would discriminate
against this specific subset of women who may be among those most suited to
performance of some standard Army physical tasks.

Differences between male and female fat physiology and the relationship
between fatness and miiitary goals are not taken into account by the simple
addition of 8% body fat to male standards. Excess fainess in males can be
shown to be negatively related to military perfarmance {physical performance
and military appearance) but female fatness within reasonable limits of
non-obesity is not as well correlated. Because different fat sites in females
serve different purposes, a true assessment of total body fat is probably not
particularly useful in the prediction of fitness, appearance, or health risks,
except at extreme levals of obesity ("morbid" obesity) when other indicators
would be obvious. Also, because fat in some female sites may be relatively
uninfluenced by nutntional and exercise control, some excuss fat in females
probably does not reflect the poor seif-discipline suggested by AR 600-9. In
addition to these factars, the military occupational specialties which female
soldiers are permitted to be assigned to generally have reduced physical
requirements and these differences should be considered in establishing
performance related fat standards.

Assessment of body fat in males is more reliable than in fsmales. In this
study, fat males decreased abdominal girth while the leanest males increased
this measurement; inis was reflected in their respective body fat changes and
paralleled changes in waight. Males deposit excess fat primarily in the
abdominal region (40,49) and this abdominal {at is readily mobilized in most
men by exercise (50-51). Thus, excess girth serves as a suitable marker for
overnutrition and underexercise, or in other words, indicates men who are less
likely to be physically fit. Army studias ot weight loss in males during basic
training have repeatedly demounstrated that a decrease in this girth is a suitable
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marker of increased fitness and appropriate nutrition (52-54). This site is the
primary offender of military appearance in males (e.g. the *beer belly"}, while fat
which is better distributed is less noticeable than a "baer belly" and does not
imply the sarne habits or carry the same health risks. Abdominal fat is the fat
site most closely associated with reduced HDL-cholesterol (55) and is directly
associated with an increased likelihood of coronary artery disease (56-58); this
association between disease and waist girth was observed at least 50 years
ago by the life insurance industry (59). Thus, it is both practical and accurate
to assess fatness in normal males with a method which emphasizes an
abdominal circumference. Although the current limits of fatness for males are
more stringent than standards which would be set on the basis of health, they
can ba reasonably defended with physical performance data and on the basis
of military appearance.

COMPARISON TO WEIGHT CONTROL GOALS AND STANDARDS OF THE
NAVY

The U.S. Navy implemented a weight control program that differs
significantly from the Army policy. All personnel in the Navy are assessed for
body fat using circumference methods (60-61) every six months (OPNAVIST
6110.1D). This contrasts with the Army policy ot biannual weigh-ins, after
which only the overweight soldiers are assessed for body fat. If personnel
oxceed 26 (males) or 36% body fat (females) in three successive assessmeants,
they may be separated from the Navy as weight control program faii.ires.
Before this final step is taxen, they are iurther evaluated by a physician who
cetiifies that they indved qualify as morbidly obese, with supporting avidence
such as hypsrtension and elevated serum cholestr.rol coiicentrations. Thege
upper limits of fatness were translated from the recommendation of the Surgeor
General of the Public Health Servica (and the recommendation of the Delunss
Manpower Data Center) that people are considered to ba overwsight if their
BMI exceads the 85th percentile for young American adults, or approximately
120 percent of dasirable weight (4).° An eaidy screen of 22% and 30% for
males and females, also regardless of age, gives Navy personnel an early
warning of excess fatness and thesae individuals are placed on & weight control
program to help them achieve fat loss.

46




The accession standards for the Navy are basec on screening height-weight
tables which approximate the 22% and 30%, male and female, body fat limits.
Candidates exceeding these weight tables are assessed for body fat at the
MEPS and are disqualified if they exceed the sex specific iimits of 26% and
36% body fat.

These body fat standards are based on health rather than performance or
appearance considerations. Evaluation of military appearance is left to
efficiency reports and promotion boards and evaluation of physical performance
is left to physical screening tests suited to Navy requirements. The female
equation used by the Navy is highly appropriate to this purpose of a health
standard since it assesses a waist girth (in addition to a hip circumferencs), the
principal ragion of excess fat associated with increased health risks in men and
women (38). Since the body fat limits are also reasonably liberal and because
hip and waist circumferences are equally weighted in the equation, strong
temales with large upper body configurations ("apples”) are not excluded unless
they are very fat.

This approach to a weight control program is also in compliance with the
DOD directive which initiated the use of body composition evaluations by all
services. This highlights the wide range of military goals whic}: are thought to
be served by accession and retention physical standards. Mgre specifically, the
difference between the Army and the Navy approach demonstrates fundamental
differences in the fitness requirements of the two services and in the way in
which fitness is evaluated.

i im— st e ra——

* The NHANESH data yielkds a BMI standard of 27.2 kgsmy' which equates to approximately 37%
body fat for temales predicted by regréssion (and oxlrapolation) from our recrult sample. This is
essentially the Navy upper limit of 36% body fat.
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CONCLUSICNS

Accepting that the accession standards should be linked to the retention
standards based on achievable fat loss, it is also reasonable to suggest that the
same system of evaluation should be used for both standards. Thus, a body
fat standard along with an initial body weight screen shculd be used for
accession as it is employed ‘or retention. Using body fat instead of body
waeight as the ultimate accession standard will more effectively exclude male
and female recruits who are not likely to meet retention standards after basic
training. It will also preserve the accession of some suitable candidates who
are overweight but are not overfat. Males up to 4% body fat units above the
retention body fat standard can be expected to successfully lose enough weight
to meet the standards within six months after graduation from basic training.
However, until temales are observed under similar circumstances (i.e. parallel
standards producing similar motivation), it cannot be concluded that overtat
females would not be as successful in maintaining a reduced body fat as the
overfat males were in this study. It is apparent that a liberalization of female
retention fat standards is needed, within the goals of the Army Weight Control
Program. Ultimately, retention standards should be established from empirical
data demonstrating that the method of fat estimation and that specific total or
regional body fat standards do indesd aptimize combat readiness and military
appearance. Appropriate standards for males and females should not be linked
and should be determined separately since the difference in male and female
performance cannot be simply desctibed by an interval of 8% bady fat units.
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APPENDIX A. Helght-weigit tables, AR 40-501, 1960.

Table I. Table of Militarily Accepladble Weight (in Pounds) as Related lo Age and Height for Maleo—Initial Procurement

Madmam
Height (Incbes) Minimum
(regariless of age)

16-20 yean 21-24 yesrs 25-30 years 31-35 yoars 3540 yars 41 yeary and avar
L4 U, 100 163 173 173 173 168 164
() RN 102 171 176 175 175 171 165
[ SR 103 174 178 178 177 173 169
[SX SN 164 178 182 181 180 176 i7l
64 .. 105 183 184 185 185 180 175
(i3 S 106 187 190 190 190 185 180
L1 N 107 191 196 197 196 180 185
[y 111 156 201 202 201 195 190
(1 N 115 202 207 208 207 201 195
112 R 119 208 213 214 212 206 200
1 PP 123 214 219 219 218 211 205
I} U 127 219 224 225 223 216 210
[ S 131 225 231 232 230 224 216
1 U, 135 211 239 238 237 230 223
L T, 139 237 246 246 243 236 229
L SO 143 243 253 253 251 243 235
[ SN 147 248 2690 260 257 250 241
Y 151 254 2067 267 264 256 248
b1 PO, 153 260 275 T3 20N 363 254

Table 11. Table of Milita~ily Aeceptable Weight {in Pounds) os Related to Age and Heighi for Females—In.ict Procurement

Mavimum
Fletght (inches) AMinimum

(regardioas of ase) 18-2) Yeurn 2-24 yeany 23X yeann 31-38 peany $5-40 years 41 years wnd o
L S a0 135 137 147 138 135 135
59 iiieannnn. ] 137 139 143 140 139 138
60 ... eaieannes 96 139 1KY Ty 142 142 14
TS % 14 14 150 144 145 34l
7 S 102 144 147 154 "r 148 147
o 108 150 152 157 152 15§ 150
[ S 104 152 155 180 153 158 54
L TN 12 155 160 164 161 159 138
66, i iiiiiiannaan 18 }60 165 163 166 164 183
Lo S . 119 163 165 17 171 163 167
65, i iiiiiiaianns Poam 169 175 iTT 178 172 1
. J U 125 175 178 182 150 176 17
b R 128 1131 154 186 185 161 150
2 FOUUU 131 185 190 11 100 185 18
b+ T 335 191 14 195 154 189 188
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APPENDIX B. Height-weight tables, AR 40-501, 1983.

Vabte -1
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APPENDIX C. Helght-weight tables, AR 600-8, 1976.
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APPENDIX D. Height-weight & body fat standards and apgearance.

Charadcteristics of the individuals in Figure 1 (page 11) are given below. This
is constructed from Army Body Composition Study {1984) data based on
1125 male and 271 female soidiers. Some of this data has been published
as a technical report on visual assessment of military appearance and fatness
(the study also used side and rear views). The way in which & soldier wears
their unitorm is a significant component of military appearance. Fatness is
more covious for the same soldiers in swim trunks (next page).

Age

Height (inches)

Waeight (pounds)

Percent fat, by underwater weighing

30 - 26 19 20
% BODY 68.7 in 57.2 in 69.2 in
FAT 128 lbs 171 Ibs 198 Ibs
29.4% 28.7% 28.0%
25 - 20 19 21
06 2 in 67.7 in 68.2 in
142 lbs 171 lbs 196 lbs
251% 26.5% 25.3%
20 - 18 13 19
69.4 n 68.2 in 68.1 in
142 lbs 172 Ibs 193 lbs
19.9% 20.7% 19.6%
15 - 20 20 21
68.7 in 692.2 in 69.7 in
143 tbs 168 lbs 194 los
14.0% 16.1% 17.7%

20% UNDER RETENTION ACCESSION
BODY WEIGHT STANDARDS
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Standard Methods for Determining
Body Fat Using Body
Circumferences, Height and
Weight :

B8-1. introduction :

a. The procedures for the measurements
of height, weight, and specific body circum-
ferences for the estimation of body fat are
described in this appendix.

b. Although circumferences may be
Jooked upon by untrained personnel as easy
measures, they can give erroneous reanits if
goper preceutions are not followed. The in-
dividua! taking the measurements must
beve 3 thorough uiderstanding of the ap-
propriate body landinarks and measurcment
techniques. Unit commanders shou'd re-
quire that designated personne! have hands-
on training and read the instructions re-
garding technique and location, and prac-
tice before official determinations are made.
Two membery of the unit should be utilized
in the taking of messurements, one to place
the tape measurc and determine measure-
ments, the other to asure proper placement
and tension of the tape, as well as to record
the measurement on ‘the worksheet. The in-
dividual taking the measurements should be
of tne same sex as the soldier being meas-
ured; the individual who assists the measur-
2r and does the recording may be of either
sex. The two should work with the soldier
between them s0 the tape is clearly visible
from all sides. Measureinents will be raade
three times, in accordance with standard
body measurement procedures. This is ner-
essary for reliebility purposes, since the
greuter aumber of measurements, the lesser
the stendard of devistion. Also, if only two
messurenments were taken, there wenld be
00 way to tell which measurement was the
most accurate. If there is grester than 1/4-
tnch difference between the inessurerments,
then continue maasuring unti! you have
throe measurements within $/4-inch of each
other. An average of the scores that are
within 1/4-inch of each other will be used.

¢ When measuring circumferenoes, co-
peession of the soft tissue is 3 problem that
fequines nomstant attantion. The tape will be
spplied o0 that { muskes contact with the
skin and corfoirms (o the body surfeoe baing
mcasured. It should not coropress the un.
dertylog soft tssuer. Note, however, that in
the hip circuniference move firm peessure &
acedad to compress gym shores. All mea.
suresuents are wade in the Borizoaial plane,
(ic., parsllel to the Goor), ualeds indiearsd
otberwise.
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d. The tupe messure should be made of s
non-stretchable material, preferably fiber-
glass; cloth or steel tapes are vraccepiable.
Cloth measuring tapes will wretch with us-
age and most steel tapes do not coaform to
bidy surfaces. The tape measure ghould be
calibrated, i.c., compared with a yardstick
or a mctal ruier to ensure validity. This is
done by aligning the fibergiass tape measure
with the quarter inch markings on the rujer.
The markings should match those on the
ruler; if not, do not use that tape measure.
The tape should be 1/4- to 1/2-inch wide
{(not exceeding 1/2-inch) and a minimum of
5.6 feet in length. A retractable fiberglass
tape is the best type for messuring all aress.
Tapes currently availsble through the Army
Supply System (Federal Stock Number
$315-00-782-3520) may exceed the 1/2.
inch width limits and could slightly impact
oun circumferential ‘measurements. Efforts
are being made to replece the supply system
tape with a narrower retractable tape. In the
interim, the current Army supply systen. or
any other fiberglass tape not to exceed 5/8-
inch may be used if retractable tapes can-
not be purchased by unit budget funds
available and spproved by installation
commanders.

8-2. Height and weight
Mmeasurements

a The height will be measured with the
soldier, in stocking foet (without shoes) and
standard PT uniform, i.c., gym shorts and
T-4hin, #tacding on a fiat surface with the
head held borizontal, looking directly for-
ward with the line of vision korizontal, and
the chin parallel 1o the floor. The body
should be straight but not rigid, similar to
the positicn of attentico. Unlike the screen-
ing table weight thiz messurement will be
recorded to the nearest §/8-inch in onder to
gather » more accurate descripticn of the
saldier’s physice] charcteristios.

b The weight will be wensured with the
soldier in & standard PT uniform, ie, gym
whorts and a T-ahirt. Shees will not be worn.
The mensurement should be made oo wals
aveilable in anits and recorded to the near-
et pound with the following guidelines:

{1) 1 the weighs fraction of the woldier b
leas than 1/2-pound, rousd dawn to the
weprest pound.

£2) If the vedght fraction of thie sctdier iy
1/2-pontd or greater, round up 10 the aest
whode pousd.




8-3. Description of circumference
sites, and their anatomical iandmarks
and technique

a. All circumference measurements will
be taken three times and recorded to the
nearest 1/4-inch (or 0.25). Each sequential
messurement should be within 1/4-inch of
the mext or previous measurement. I{ the
messurements are within 1/4-inch of each
other, derive a mathematical average to the
nearest quarter (1/4) of an inch. If the mes-

.surements differ by 1/4-inch or more con-
tinue measurements until you obtain three
_measyres within 1/4-inch of each other.
Then average the three closes: messures,
b. Each set of measurements will be com-
_ pleted sequentially to discourage assump-
tion of repeated measurement readings. For
males, complete | set of ahdomen and neck
.measurements, NOT three abdomen cir-
cumferences followed by three neck circum-
ferences. Continue the process by messuring
the abdomen and neck in series until you
have three sets of measurements. For fe-
males, complete one set of hip, forearm,
pock, and wrist measurements, NOT 3 hip
Jollowead by three forearm etc. continue the
" process by measusing hip, forearm, neck,
and wrist series until you have 3 sets of
measurements.

¢ Worksheets for computing budy fat are
at figure B-1 (males) and figure B-3 (fe-
mules). Local reproduction is authorized. A
blank copy of DA Forma S300-R and
3501-R is located st the dack of this vol-
ume. These {orms will be reproduced locally
on 844 3 1l-inck peper. factor
tables are located a1 tadles B-i and B-2
{males) und tables B-3 threugh B-8 (fe-
males) snd include specific aseps for prepar-
{ag hody fat content workabeets.

d. Zhetrationa of each tape masurement
are at fgure B-2 (males) and fgrure B4 (fe-
males). A training videotzpe (TVT 8-103) is
2ko avnilahle at Visual Information Libres-
ios, snd/or Training Audioviaual Support
Centens (TASC). -

8-4. Circumterence sites and
fandmarks for mates -

- a Abdomen. The soldier being measured
will de standing with arms relazod. The sd-
dominal mesyurement is taken a1 8 Jevel co-
tociding with the midpoint of the aavel
(eliy dutton) with the tape so that it
i level o)l the way around the soldier being
measured. Rocoed the messuremen? at the
end of a noremal capiration. 1t i important
that the scldier dots ook attempl o bokd his
addomen in, thus vezulting in a smaller
measureenent. Also the tape must be kept
level asroms the chdomen and back.

68

1He
e
i
I
cE&

@ Neck. This procedure is the same as
for males. - . ¢

- & Forearm. The soldier being measured

will be standing with the arm extended
eway from the body s0 that the forearm is
in plain view of the measurer, with the hand
pebm up. The soldier should be allowed to
choose which arm he/she prefers to be
wmnd.?hcetheupeqmndthehqw
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HHy

wearing gym shorts, the tape can be dewwn
saugly to minimire the infuence of the
odorts oo the site of the mecassrement
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©-7. Sleps for the Mele Npte: REPEAT STEFS 1 ong £, 0 soriis ol you  16.28 inches, the facior would be §0 48, I the
mm‘:.‘“:’m“ ve sempisted Yvee aets of s nack z-muuéo.:-’osfu:nwg.m
Form B500-R, Ervlor he appropriads fackr In STEP 6.
. g 3. Averags Abdomingl somrement
Yame Print ihe s0iGier's Jest MMe. W8l oo gy mamgmarcel sverege of e FIAST ~7+ uuam
nOme. 81 MUOGe SV 1n e RAME block. A SECOND, and THIRD sbdomnal Gitcumier m“”:'wrww:lg
so nclude s Rank end Socusl Secunty  ances by addng hem 0 AN DY umn 1 e height 1 8 whole oumber. 1.9 84
o ches, 1o facicr is 77.15. 1 the heghi u not a
0 &nch, in the bioch masked AVE o  whole rumber, Le., 64.25 nchas, T facior %
Age Pt fms age ) yaars 1 he AGE block.  STEPS 1 end 3 77.27, ¥ the haight is 64.50 7 ~ee the tactor ¥
Meight Mesaure the sokoer's heght as de- S99 & Average Neck Measurement e T 50 e s Seprooame tasioe
scrbad n e ap0enda. 10 the neerest quane:  Find the mathemaicel average of FIRST, STEP?.
o an nch, #nd record the Measurement n the  SECOND. nd THIRD neck DY ot Thewion T gunerst e for e facke labies
WEISHT boch 8dang them 10gether and dming by 68 o'y g measure o Gflerence i & whoie Mumber
Place Fus runber ©0 00 NONSS! QUAE OF BN poy toccr wil B xed under P 000 cokum. 3.
Weight Maasure the s0iher's weght &s 09 Mchplsf!(MWlWMAVERAGE.W cty 5UDes FOM e chas covAm Cobumng 25,
Scnted n s 4OOSA, 10 e Neceet pound,  STEFS 2304 50. 73 comeepond 10 messsements Tl ¢ 1Ol
and recosd i e WEIGHT biock Shep 5. Abdomen-Neck Ditterence :.‘ -lnnv;“ o an wch
tiote F2iom W nies tor AOuAONg Of tand  Subtract the number found in the AVERAGE Parvent Body
-o-qmma—:muwu:?nn bioch of STEP 4 om the mumber found i the m‘g&,";’“’m"“‘“‘v“ms
© - AVE block 11 STEP 3 Enter the reeult m AmVERAGEI '“gm,"'x Aiind
$tes . AbJominal easurement m’x&:‘w PO 8> qwence 1 STEP Ymoma;lmo:f't PE%-'
Mets, ¢ the $0ider's abdomng! cumiar- CENT BODY FAT
o022 10 the nesrest quartes of an nch. and  Siep 6. Abdoman-Nech Factor
fectrd n the biock labeied “FIRST” GO to Table B-1, e AddOmen-Neck Fector
Bter 2. Neck Messurement Tabie, and iocate the abdomen-nech Giffer
Meusure the soichers nech orcuvisence 1o M08 In e ieR-mogt comn M the dference
e nasrest Quanter of an MCh. o reCod N 1B & WO number, L, 15 ches, e Abdo-
the bloch ladeled “FIRST man-Nack Factor 8 83.60. I e dilerence »
Taixe B-1 Tobie 0-2
Siaie Abdomen and Neck Factor Saie Helght Factor
ot [T » 50 ”
Dowence (e n 0 " ™) ) W
T ot W © 7920 7838 1848 7880
3 8lu 8808 366 sece & RE RN KR N
S 8050 @By @218 w4 g M M M2 04
4 e BI85 MR “ s M2 NH N
] ®oeE W NY 20 © ne MR TNM NK
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0-8. Steps for the Female
Sody Fat Content Workshest, DA
Form $801-R, Dec 65

bome  Print the sokiics's iast name, snd mid-
die intual in tha NAME biock. Also inciude he
Renk, and Social Security Number

Age Prnt har age 1 years i the AGE diock.

Neight  Measure the s0khar's haight as de-
SCrHed 1 M Appendin. 10 T NEAreS! QuBeN
of an Inch, and record the nthe

$8p 3. Hip Messuremen:

Measure ¥ 10iher's hp arcuiersncs 10 the
NBAres! Quarter of an inch, end record in the
biock deled “FIRST."

Siop 4.  Ferearm Messurement

tAsasure the Aoicher’s joredrm 1O the Neerest
Quvter of 81 Nch, and record in e dIdck 8-
beled "FIAST."

Slep 5. Mook Metsurement

Measure the $0iker's NECK ciroumierencs 1

HEIGHT diock

Weight  Measure the Soiher's weight as de-
anbed N thes AP0, 10 the Nares! pound,
&nd record i the WEIGHT block.

ot Foloe ¥ rOun@Nng Nies Iy rounahng hesght
SN BQIt MANAIMENS & CIICTDO0 SN B el
WOIC:a

$tp 1. Weigt Fector

Go to Tabis B-J. e Waght Factor Table, snd
W0CA1e the BOkher's winght it Bhe left-most CO-
umn, wiich s 0 10 pound ncrements it the
weght & exactly 120 pounds. the facior 18
found under the “0” column and B 147.24. 1
he werght 8 121 pounds. e fector B found
under the “1" column and 14 147.82 |f the
wgM 8 126 the laCtor 18 found under the ~6"
column 4nd 8 140.47. Enter the appropnste
WM factor in e CALCULATIONS sachon,
STEP 11 A

Shap 2 Maight Facter

GO 10 Tadtie B4, e Mot Foeckyr Table, s
©caw O s0kiar's hesgst 1 the tght-moet cok
uma N he haight @ 0 whoia fumder. Lo, 84
Bches. 13 lacty 8 tound undad the 000 cob
unn and w83 75 I the NG ¥ ROt 8 whole
rumber 1o, $4 2% INChas. 1 fackr I8 84 07
H hg Puaghi le §4 50 nches. the tector s
8440, 503 ¥ the NG @ 84 73 INCiag. W
@ewor i B4 7Y Ender W apOIODIAM hasgM
210 s e CALCULATIONS secion STEP
“wo

8 nearest Quarter Of &N Inch, end record in
e block labeisd “FIRST .

Bp & Wrist Messurement

Moasure the SOKMI'S Wt 10 the Neares! Quar-
tor of 1 nch. and record ; the L 'ock labeiod
“FIRST

Note MEPEAT STEPS 3. 4, 9. and 6. N SERIES, uwl
you Ve COMOMNEd 3 et OF Hp. Yorearm, [bicx
&G Vel craumiprences WhN you Neve Corpigws
P sangs. frul P FRRGROACA) SVIFEge K (NG OF
P & FOIEA0S MRS S 00D DiCe SUCh v
PN N I8 FEpacivg AVERAGE boch.

Sep 7. Mg Factor

Go 1o Table B-3, the Mip Fackr Tabie. and lo-
Cate the soider's AVERAGE Np Croumierence
in the leR-MON cohuenn. N e crcumienynce »
& whole number, Le.. 38 inches. e M Factor
8 found in the 0.00 cokumn end s 15.03. U e
CHCUNAENCS is MOL & witole Mumder Dat i
3625 nohvie, e 000t I8 1304, N P croum-
forerce @ 38.50 1 foir is 16.05. Erter W0
MReToprias facty in e CALOULATIONS aec-
won 118

Sep & Farearm Pacter

GO 0 Tebie B-4. Whg Forsarm Factor Tadle,
8 s ha soider's AVERAGE lorearm cs-
Cumlaronce 1 up WR-mOst COLMR. B P OF-
CIMEeR 8 8 WROl manbet. Le, 10 Shes,
0 ety 1 found udee §00 columa Wd
AT # O N0 B M § B0l X
bar B B 1023 Bchee. e iy B Q7.

e circumderencs is 10.78 inohes, the fackor is
40.97. Ener the appraprieste facior s the CAL-
CULATIONS, 11 E.

Sep 8. Nack Pactor

GO 1 Table B-7, e Neck Factor Table, end
ocate $he soidier's AVERAGE neck clrcumier-
onts In the ief-most column. N the circumer.
onte I8 & whoie number, Le., 12 inches, the
facior 8 found under the 0.00 column and B
18.25. 1 the clraarderencs ig nOt & whole rum-
Sor Dax is 12.25 inches, 19 factor is 14.59. 1
ha crcurmienence i 12.50 inches, e factor s
18.03. ¥ the circurnierence i 1278 inches. the
fackor 8 17.20. Evter the appropriate aciy i
S CALCULATIONS sacton, 11 F

Sep 10, Wrint Factor

GO 10 Tedia B~8. !he Wna1 Factor Table, andl
ocele the soider's AVERAGE wiw! crcumier-
ance 10 he eft-ca0st cohann. ¥ the Gircurier
once 8 & wholg tumber, 1.9, 7 mchas, the
facsor i found under the 0.00 column end I8
358 ¥ the cirumierence B Nt & whole num-
tor tat s 7.25 mchug, the fackr 6 3.60. 1 the
citcurnterence lg 7.50 inches, the factor 18
$.42. N ine Croumserencs is 7.78 inches. the
82100 8 3.04. Emer the appropriets Sackr in
w CALCULATIONS section, 11 G.

Calcuistiora

LUine C. Adgition of Weight gnd Nip
Fectors

Ay 11 A Weight Facior, 1 11 B, Hp Fector
Eraer 9w mamit on ling 11 C (Tolal)

Une L Addition N Neigh', Foraarm, Mack,
g Weigt Fettore

33 11 D, Haigt Factor, 4 E. Forer— Faz.
or, 11 F_ Nach Feckr, and 11 G, Wrw? Fecior
together. Erter 0w rent on Ind t1 N (Total)

Jra | Peroend Bady Fer

Salvrect Une 14-H tom Ure-C and st o0
Urel Thin & O sokder's PERCENT BODY
FAT

Todte B3

Pomaie Waight Facter

[ ) [ ] ? ] . [} . ] . .
'80 1340 IS 1M0B 13530 ISR07 1S5S 1TQ) 1IN 13787 1A
1 1 13N 1IN WO 88 NIt 1M WL 1QQ Wk
1"o 143N 1T 00 A Al WAIE  taSes W08 AT el
[P HT2 WIE W2 AR YeATd HRID talaT WY 10D 0%
%0 19000 151 0 M WA e IM I M 1IN
L1 13436 30 WA AN WA AN Mt MR 1R 117w
w 13760 BT tOY D TR WM RN 1ML 2 W
1w W4 WO WO WM W MK WM WI¥ M e
e HI? Wi I WRINT WML el WMl W0 DY )
10 WETE WeOr WY WM WM WI0: WM WIS WY e
10 e MY WMT2 WEE? WA Wes WEW e 0w YRY?
f o) APOR AICED YMOE R 1R T VPIag VIRe WMRA0 WIIa
no TR MY I I WM 6 A 13 1M T
&8N0 AR AT sMat ATSM ALY TR0 TR el YNNG VMR
wm AWTIO) AT AMTA? YA IR 1RO M MY e 1hew?
42 ATREY TR 11833 1M T VIR WO WM W0dT WM
e WO S MNI0 N WM T e W2 W W2um
b 2 WIAY  HRIA W2 Wi WX WIS N WO M 4w
e WX AN UMD TEET MG M0 1M 1) s 1M
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APPENDIX G. Height-weight tables, AR 600-9, 1987.




APPENDIX H. Military units and number of soldlers studied. "Complete
data” indicates subjects measured by the study team, "unit data” indicates

subjects for which some data was obtained, including some not measured by
the study team, “total in unit" indicates numbar of soldiers in the training unit.

complete unit data &

data total in unit Dates of training
Unit (#soldiers)  (#soldiers) stant end
Maie recruit
Co A, 1-34 96 219/248 23 Sept 17 Nov
Co B, 1-34 189 189/225 21 Sept 17 Nov
Co C, 1-34 227 227/231 22 Sept 17 Nov
Co A, 2-13 203 219/219 70¢t 1Dec
Co B, 2-13 164 225/225 28 Sep 22 Nov
Co C, 2-13 53 215/215 10ct 22 Nov
Co B, protrain 55 121121 130ct 8Dec
Co C, protrain 61 116/116 140ct 8Dec
Total 1048 1531/1600
Female recruits
Co B, 1-28 136 209/209 16 Sep 9 Nov
CoD, 1-34 188 204/204 23 Sept 17 Nov
Co E, 2-13 190 210/214 30 Sept 22 Nov
Co D, 2-13 200 2137228 70c¢t  1Dec
Co D, 3-3¢ 46 156/184 70t 1Dec
Cc E, protrain 86 100100 150¢t  8Dac
Total 846 1092/1139
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APPENDIX 1. Survey instrument and cover letters.

U BB RIS R Bt BRiRtERRbRROBRREBRRIRRRERRENR ORI

1
O LR ]

Q=MNMe NS~ R

LN A S
s
YT
i
Qe TRON RO
§ .ty
1}

WITY

LTI 8]

“eid 3

QNP eTnNaermo
Setry
AT

1T

Lo {1 )

‘
Semrem OB

~ il L
zr .
3 T Y
{ &R
- QenNMmMYnOrOe
] 5.t
. ~ (0T
IS ™)
8 [T
Qe AP WO
fo3
iy A
.
S —

T 1
‘E:Iil‘}“l' L3

jagssatadia

oz

i @

|

Lrogwr

L 2

B e Ao
. G e A

0w
o 4 AN SRS ), SIS S PP W A SNy MRS SIS TS e s

CEPARTUENT OF THE APWY ACCERON BOGT WIXNAT £TAMCAND FOLLOWAN
-~
AP WIS 25 oy Bl FANEN Cupgarn, 9 41 Ml SIS R 145Y. ORI, AT BRI RY

1 e K SO, ST W1 WD YR LSTRIIEIY AIIONS 115 IS NG T eI

CRMINANE:

-
A0tier & o TV @ Dpen B IR HEDITL SIS
nlior Man b AmBIgEP!’ S

CowrTertaryes. ¢

2 MU ST B SRS M TS T, T CRE)
2) F4T & Sy SR S5 SIS 8 Y -iale

B

s+ 89 &% s
E LI ° £l
D H Oy
DN AYN Ot 0o Cwn N RN 8O
. .09
SRR . 0 E
g I 3 TITITTS
P R L Y- YL L L L
Kev2 £.823
i 1 - CII]ﬁ
e e = o
[~ T2 £ X~ % 1-3 OwmMamYno~80
5318 + 282
= 113

i

QuNAYTHN OB
£ «5%1

L]

B

O«r!"\‘ L3218 T 9%
4.35213

It

H RNNE NN

—t
CmMNAYMR™MBO

wery 4

é!g@}‘

OmMATADr-Ba
£.,3%g

?E"@'

(-3 T T % £ 3 "X % ¥
£.3323

EB:IIEIIE.‘:}
= NAYHRO T

fornerm §

.«

- PR

§ e

T TS
29 L

L3 [ e m D

0

Reeaees—— L. _ F XL L]
"
-~

W T & ¢ "

|

3

) 0 BB 4GS M B Arsy TS L e Posrge

81

R e Tl L S

=R X L0 K. R-1 ¥ % 3

T

i o fox 43_4«93}&1;&%
W R
It st

- Semagyndre>

#lsdd3d

BAwn aaw

EPREYS S SR

4 ShaneImert set 3y

"t i

-8
Ly
[}

>

SURVEY NETWORK ~

Nomr e TR ¢ 0y

0

ll!llll!ilillllllllllllIlllllttllllllllllllllll%




Is7boroTsAyd ysavesey
SH ‘14D

“ 7a3184 U”“Nuuﬁ
*(LY8Y-T$9-805 :TRTIISUMOD)

LYB¥-95F AY 3@ ew uoud esward ‘/TejwIpsuwit 37 UIN3ed
J0UUED 10 APAIT3 FTU3 BUTUISOUOD SUofisend Suve oAl NOA J1 5

§dan50 Uy

‘SIITPTOR VSOL} US RIUBWEINSLSW 9327dWOD JUU Op PUR ,I9Y30,
Jspun jueubeid eIv ouUA FISTPTOS STRUWe] AFTIULDPT 9SveTd 'V

) “STRNPTATPUY
Bugsstw Auw 107 sUOSeSI AZTINOPT IBW eM ‘2z AJOTQ UT UDTIWIOIUT
d1qeTreaw Auz Sutppe ‘Lemiuw wioz ey3z uiniel @seerd s3USWSINSFIW

peisenbea eyz AL OTQUITRAY 30U §F JISTPTOR OUY3 JI °€

‘I1933VD 8, TRNPTATPUY €Y 30593Iw 20U [TTA 3T ’SpPAom I9Yac ur
‘ETRNPTATPUT DOTPNIE (009 OU} FO sSeTavuums su pejiodex oq TTIM
UOTIRUICJUT £y} PUP sesodand y>Iweses 107 8T WIep STYL -avedk

3ISET JO PUS el ¥ UOSADRS 3304 38 DUTUTRIF DTSRG UT POIPTIS «IoMm
Olmn SISTPTOS JO SOTIe8 ¢ uo domoTY0F 9pTacid 03 8T UOTINLIOFUT
peisenbes syl -spavpuRlm IYOGTOA-JUOTRY UOTSE9IOW 300IIND

30 £37TIgRITns ey3 wutwzelsp o3 87 Apnis 8743 jo ssodand eyl -z

*dVSY NYNLAY QNV YHIQIOS QEWWN FHL ¥0d WECI CaEOVLLV FHIL ALTTINOD
ASVAId  ‘NoA WOIZ UIN3®3 w pepIoDeI J0U QARY X ‘6867 3SNONV
ST KoM UOT3OP BTQ} 1oy esuedsne @ul -Apnis spavpuw3s 3vBrem
UCTSSeIDY Awav @y} 03 Aeains w uinyex puw ejerdwos o3 (wIdDSA0)
UOSWBTITTM (vIeues Ieypubiad Aq pejsenbesa A7snotaeid siom nox ¢

SIDURISFUMDITD 3 IYSTeM ‘3ybteH 1eTpTOS 103 3sarbay puz  11D3CENS

SUFANVRROD d0d WNANVIOWAW

69 3deg s¥ Hd~aN-quos

FUIUIEBUTH [IUUOSING
AZRITTIH FO 30303x7a A3ndag
S ‘(wiauss aypebiig

ssznisoToug

1TIRNOSEEE YO4 24WiS 40 JIIHD AINd3Q THI HOJI

rpo3egoaxdde 97 BOUEISTESY INCK ‘999962 KDAQINW

A% ‘1PITIJ TAVA LZD IO $IVOL aonzg DLT ‘HIIFYSA IW SIBIIIFO I8
Apnag aug 03 UPYY STIIPPY Avu nok ‘Apnas ST SUTUIIOUOD suoTIsand
savy 104 3z -adoTaaul pIssaippr-a1d pasordu?d ay3 uj ATsnoi3ipedxs
wuays tinisl pun uoswax sivizdozdde Iyl xaew awward ‘pIrafducs Iq
JOUURD SWIOF YI FI -purmwod Inof uy Ar3ulxrnd sjuwdisyiaed Apnis
2 203 PIISTAWOD SWIOZ UNTIVWIOFUY PISOIJUD Iyl Iawy noik eyl

AS® I PUR 3IX0FZP IUVIIOAWT $57Y3 23eTdWOD 03 pIpIeu 8y dyay Inox ¢

*908AIRUR TRITISTIVIS SnoTAdxd J3vpiTea 03 Aivssadau

$1 UO13DSTTOD w3Iep dN-mo[ (03 PUR FITUN 35375 ITIYI O3 pIacu

AOU BaARY SIIUTWIT FFIYL ‘DS ‘uvosNORL 3104 Iv uotIwindod Ieujwil
ay3 7O v [duws ITIVITIY ¥ WOIF eIWP pPIUTeIqe AIY3 ysTYm Butanp
Apn3s8 ¥ DUTIONPUOD UIIQ $BY {WAIUYSN) SUTIIPIW [RIUIWUOITANA I0F
a30373sur AwIy gn oy3 ‘e¢2Iv STYI UT UOTIPRIOIUT aziom ujeb o 7

*pIRHIT STYI UT SITIINOTIFIP IOUITIIAXI SIIIPTOF INC O IUOS ‘mOuUy
nok sy ‘wexboxgd Toajuo) aybIem Away IYL ‘6-009 HY dN UOTIUIIST IOF
S3uPWaiIndax 3yl o3 drysucrtieTasr sIddoxd uy Irw Azx3us (erlztuy uodn
393W 03 SIJIPTOS Mmau Inc aatnbax am spawpuwis 3ybrom puw Iybyay

3yl eyl Auly IYI 3O dTysIIPWIT SY3 HUCWR UIIDUCD $T JIIYL T

spavpuels IYbBTaM puw IYUDTISH uoTssaooy Awxay 3o Apnis  :1DAHAS

SYIANYWWOD HOd W.IINYYOWIW

68 8ny |
YR -394
68 By ¢ s
£ WOULMALLY
Oh AU

00T0-D1£0Z DG ‘MOLOMHEYAL
TINHOSUD YOA 249 8 40 SHHO ALNGIT B4l 3O B0

ABHY IH1 J0 ANININYLIO

a2




APPENDIX J. Distribution of haight measurement discrepancies.

PERCENT OF SAMPLE
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DIFFERENCE FROM STUDY TEAM MEASUREMENT (CM)

Distribution of the differance between height reported by MEPS and by
soldiers' first units, compared to study team measured height. Positive values
indicate overestimated heights compared to study team measurements.




APPENDIX K. Study data compared by age category & ethnic origin.

Male recruits, by age category [in metric units]

Parameter 17-20 21-27 prob
EAD (n =) 751 251

Age (years) 18.5 +0.8 22.9 +1.8

Height {cm) 1753 +6.8a 175.0 +7.9 ns
Weight (kg) 75.1+12.0 77.2+12.9 *

BMI (kg/m2) 24.4 136 256.1 +3.6 *'
Body fat (%) 156 5.8 17.2 +5.6 e
Neck circ (cm) 371 +241 37.5 2.2 "
Abd2 circ (cm) 82.4 +9.5 84.8 +9.5 e
BF std prox (%) -44 +58 -48 +5.6 ns
Strength (kg) 45.9+20.5 47.4+22.1 ns
Flaxibility (¢m) 85.1+17.% 83.3+18.3 ns
Push ups (count) 26.5+15.3 26.86+16.8 ns
Situps (count) 38.7+17.9 36.0+19.0 *

2-mile run (mins) .16.3 +2.2 16.5 2.1 ns
6-MTiHS POST-BT 303 82

Weight (kg) 75.6 +9.5 77.3+11.7 ns
BMI (kg/m2) 247 +2.8 253 +3.3 ns
Body fat (%) 15.2 +4.5 16.7 151 o
Neck circ (cm) 38.8 +9.0 38.53 +2.1 ns
Abd2 circ (cm) 82.2 +7.1 84.9 18.7 r
BF std prox (%) -4.8 +4.5 -5.2 +5.1 ns
Wt chg (6m-EAD) +0.9 1565 +0.8 +5.1 ns
Wt chy (BT-EAD) -0.1 +3.1 -0.0 +2.8 ns
%BF chg (6m-EAD) -0.5 +3.2 -0.3 3.2 ns

Note: significant differences by analysis of varlance are ncted In right
column: ns=not significant, *=p<0.05, **=p<0.01, ***=p<0.001. ptoportions
were compared as 2 x 2 tables with a chi-squared test.
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Female recruilts, by age category [in metric uniis]

Parameter 18-20 21-27 F prob
EAD (n =) 639 208

Age (years) 18.5 +0.9 23.1 +1.8

Height {cm) 161.6 +6.4 162.9 +6.8 *
Waight (kg) 57.6 +6.2 59.5 +7.2 bl
BMI (kg/m2) 220 2.0 224 422 *
Body fat (%) 26.5 +3.7 26.9 3.9 ns
Neck circ (cm) 314 +14 31.7 +1.5 y
Hip circ (cm) 934 +5.2 945 156 ¢
Forearm circ (cm) 23.0 +1.2 23.3 +1.4 e
Wrist circ (cm) 14.8 +0.7 14.9 +0.7 ns
Abd1 circ (cm) 67.1 +4.5 68.7 +4.8 e
BF std prox {%) -1.5 337 -3.1 3.9 ha
Strength (kg) 28.9 +8.3 30.7 +8.8 b
Flexibility (cm) 86.8+15.4 86.94+14.7 ns
Push ups (count) 7.0 7.7 7.0 7.8 ns
Situps (count) 26.5+18.7 26.2+19.5 re
2-mile run (mins) 20.3 +2.4 20.4 +1.7 e
6-MTHS POST-BT 203 68

Weight (kg) 60.3 +6.8 60.6 6.7 ns
BMI (kg/m2) 23.0 +2.2 23.0 124 ns
Body fat (%) 26.5 +4.1 256 +4.6 ns
Neck circ (cm) 32.6 +2.1 334 1.3 ns
Hip circ (cm) 95.1 +5.3 95.2 +5.5 ns
Forearm circ (cm) 241 +1.7 243 +1.6 ns
Wirist circ (cm) 15.5 +1.1 154 +0.9 ns
BF std prox (%) -1.5 +4.1 -4.4 +4.6 e
Wt chg (6m-EAD) +2.3 +3.7 +2U +3.3 ns
Wt chg (BT-EAD) 1.0 £1.9 -1.3 123 .
%BF chg (6m-EAD) 0.4 +3.4 -0.7 +2.9 ns

86




Male recruits, by principal ethnic groups

Parameter White Black Hispanic  prob

EAD (n =) 615 325 68

Age (years) 20.1 +3.3 20.0 3.0 206 +3.0 ns
Height (cm) 175.7 +7.0a 1758 +7.1a 1714 +59b "
Waeight (kg) 76.2+12.3 75.8+12.2 73.0+12.4 ns
BMI (kg/m?) 246 +3.5 245 +3.6 258 +3.9 ns
Body fat (%) 171 ¢57a 138 +5.3b 177 +6.1a ***
Neck circ (cm) 37.2 +2.1 37.2 21 36.9 +2.0 ns
Abd2 circ (cm) 846 +98a 801 +84b 84241052
BF std prox(%) -36 +6.7a -68 +5.2b -32 +61a ™
% overwt (acc) 4.7 52 74 ns
% overwt (ret) 30.9 29.5 36.8 ns
% overfat 27.0 1.3 324 e
Strength (kg) 444+210a 515+196b 44042212 ™
Flexibility (cm) 85.1+17.5a 848+17.5a 785+183b *
Push ups (count) 24.9+155a 292+158b 27.2+163ab '™
Situps (count) 36.4+19.0a 410+171b 359+160a ***
2-mile run (mins) 16.5 +2.2 16.1 +2.0 16.2 +1.7 ns
6-MTHS POST-BT 208 129 23

Weight (kg) 753 +9.8 77.3 +9.9 75.4 +9.0 ns
BMi (kg/m?) 246 +2.7 251 +3.0 255 2.8 ns
Body fat (%) 16.1 +4.5a 140 +45b 7.8 +44a **
Neck circ (cm) 39.4+10.1 377 +3.1 37.7 +1.8 ns
Abd2 circ (cm) 835 +74a 810 37.ib 852 +75a "
BF std prox(%) -44 +45a -66 +45b 27 146a **
Wt chg (6m-EAD) +0.9 5.0 +1.1 +5.8 +0.1 +7.1 ns
Wt chg (BT-EAD) -04 +3.1a +04 +3.1b 0.2 +27ab *
%BF chg (6m-EAD) -0.4 +3.1 -0.0 +3.4 -1.1 +4.1 ns

Note: significant differences by ANOVA (rt col: ns=not significant,
*=p<0.05, *=p<«0.01, ***=p<0.001) were pursued with Duncan’'s muitiple
range test (samo symbols = no difference); proportions were compared as
row x column contingency tables with a chi-squared test.
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Female recrults, by principa! ethnic groups

Paramater White Black Hispanic  prob

EAD (n =) 379 368 52

Age (years) 20.3 3.2 19.9 +3.1 20.1 +3.1 ns
Height (cm) 162.1 +6.3a 1624 +6.7a 1578 +689b **
Weight (kg) 588 +6.3a 578 +65b 555 163c¢c *
BMI (kg/m2) 223 20a 219 +20b 223 +20ab *
Body fat (%) 273 +36a 259 +40b 278 x32a **
Neck circ (cm) 314 +14a 317 +1.5b 310 t14a ™
Hip circ (cm) 945 +52a 93.1 +54b 925 +50b ***
Forearm circ (cm) 231 31.3a 231 #13a 224 +12b **
Wrist circ (cm) 149 +0.7a 149 +0.8a 146 +06b *
Abd1 circ (cm) 68.3 +4.8a 668 +44b 675 :50ab ***
BF std prox(%) -14 +36a -26 +40b -07 +33a **
% overwt (acc) 354 29.1 25.0 ns
% overwt (ret) 40.7 32.7 38.5 ns
% overfat 347 25.2 38.5 -
Strength (kg) 284 +86a 308 +85b 275 +45a **
Flexibility (cm) 87.9+16.3 85.9+15.0 86.9+14.0 ns
Push ups (count) 6.7 +7.7 74 +7.5 7.3+10.0 ns
Situps (count) 245+19.3a 29.1+178b 26.0+185ab **
2-mile run (mins) 19.8 +26a 207 +25b 202 +19ab *
6-MTHS POST-BT 133 129 14

Weight (kg) 60.8 +6.9 60.3 +6.6 59.6 +7.8 ns
BMI (kg/m2) 231 +23a 229 $22a 244 3200 °
Body fat (%) 266 +43a 255 +40b 296 x43c
Neck circ (cm) 326 +1.6 329 2.2 328 +1.5 ns
Hip circ (cm) 952 +5.5 95.3 +5.3 949 6.9 ns
Forearm circ (cm) 240 +1.6a 244 +17b 236 x1d4ab *°
Wrist circ (cm) 154 +09 156 +1.3 15.0 +0.3 ns
BF std prox(%) -20 +43a -3.1 +43b +1.1 146c **
Wt chg (6m-EAD) +1.8 +3.3 +2.7 +3.8 +3.0 +3.2 ns
Wt chg (BT-EAD) -1.2 2.1 -1.0 +19 0.9 1.1 ns
%BF chg (6m-EAD) -0.7 +3.0 -0.4 +4.0 +0.2 +2.5 ns
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APPENDIX L. Summary study data, key varlables.

Parameter EAD EOC first unit
MALES, n = 1483 1230 546
Height (cm) 175.2 +7.1 * *
(153.0-208.0)
Waeight (kg) 75.7+12.2 74.8+11.0 75.9+10.0
(48.6-121.7)  (49.0-111.0)  (52.3-113.2)
BMI (kg/m2) 246 +3.6 24.4 +3.1 24.8 +2.9
(17.2-34.4)  (17.4-32.9)  (18.4-33.2)
Body fat (%) 16.1 +58 N/IC 15.5 +4.7
(2.1-36.1) (5.0-32.4)
Push ups (count) 26.4+15.9 50.9+12.2 N/C
(0.0-87.0)  (18.0-96.0)
Situps (count) 36.4+19.0 64.5+11.1 N/C
(3.0-85.0) {31.0-99.0)
2-mile run (mins) 16.4 +2.2 14.0 +1.1 N/C
(11.4-26.0)  (11.0-20.1)
FEMALES, n = 1159 884 298
Height (cm) 162.0 +6.5 * *
(144.0-189.0)
Weight (kg) 58.3 +6.5 56.9 +6.2 60.5 +6.8
(40.0-87.7)  (41.8-81.8)  (43.2-80.0)
BMI (kg/m2) 222 +2.0 21.8 +1.9 23.1 2.2
(16.4-27.2)  (15.6-28.4)  (16.4-30.0)
Body tat (%) 268 +3.8 N/C 26.3 +4.2
(15.8-42.6) (11.5-40.8)
Push ups (count) 7.0 +7.7 275 499 N/IC
(0.0-52.0) (7.0-79.0)
Situps (count) 34.0+13.8 61.3+114 NC
(1.0-92.0) (10.0-98.0)
2-mile run (mins) 20.3 +2.5 175 +1.5 NC
(11.0-29.8) (13.0-30.8)

notes: values given as mean+SD, and range; N/C - data not collected;
* EAD height was used for all body fat and BMI computations
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APPENDIX M. Relationship between grip strength and body mass
index.

GRIP STRENGTH (kg)

17 18 19 20 A 2 3 24 25 B 27 28
BMI (kg/m2)

The relationship between grip strength and body mass index in males and
feraies (males: r=0.43, p<0.001; females: r=0.29, p<0.001).
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GLOSSARY

Terms and abbreviations used in this report

Accession standards - physical standards prescribed by AR 40-501. These
are weight-for-height standards which prevent entry to active duty of
candidates who exceed the standards. Waivers can be granted in some
cases and, since completion of the data collection in this study, candidatis
are being accepted if they exceed these weight tables but meet body fat
standards in AR 600-9.

APFT - the Army Phyéical Fitness Test which is administered to all active
duty soldiers biannually. The test includes pushups, situps and two mile
run, in that order. At the beginning of basic training a modified APFT, the
diagnostic APFT, is administered to new recruits. This may include a one
mile instead of two mile run test.

BMI - Body Mass Index: a way to describe body size and proportion from
height and weight: weight (in kilograms) is divided by the square of tha
height (in meters). Weight increases more rapidly with an increase in
height so that a normally proportioned 6' person will be described by the
same BMI as a normally proportioned 5' person. The “average" BMi for
young U.S. males and females is approximately 22-23 kg/m®.

EAD - Entry to Active Duty.

MEPS - Military Entrance Processing Station; a facility which inproce 3ses
new recruits before basic training.

NHANES) - National Health and Nutrition Examination Survey; the ¢t econd
cycle of field data collection from a large representative sample of
householc's across the United States. This data includes physical
measurements of height and weight.

Overfat - exceeding Army fetention body fat limits for sex and age.
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Recruit - person in basic training, afterwards referred to as a soldier.

Retention standards - physical standards prescribed by AR 600-9. These
are fat standards based on circumference measurements which pertain to
Army personnel. Waight tables are only used for screening purposes, to
determine who should be assessed for fat.

Screening weight standards - weight-for-hgight tables in AR 600-9 which
identify individuals who are most likely to be overfat. This is used only to
identify those soldiers who need to be assessed for body fat.
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