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ABSTRACT The purpose of this study was to compare physical and physiological fitness test performance between
Soldiers meeting the Department of Defense (DoD) body fat standard (<18%) and those exceeding the standard (>18%).
Ninety-nine male 101st Airborne (Air Assault) Soldiers were assigned to group 1: £18% body fat (BF) or group 2: >18%
BF. Groups 1 and 2 had similar amounts of fat-free mass (FFM) (66.8 + 8.2 vs. 64.6 + 8.0, p = 177). Each subject per-
formed a Wingate cycle protocol to test anaerobic power and capacity, an incremental treadmill maximal oxygen uptake
test for aerobic capacity, isokinetic tests for knee flexion/extension and shoulder internal/external rotation strength, and
the Army Physical Fitness Test. Results showed group 1: <18% BF performed significantly better on 7 of the 10 fitness
tests. In Soldiers with similar amounts of FFM, Soldiers with less body fat had improved aerobic and anaerobic capacity

and increased muscular strength.

INTRODUCTION

In 1976, the Army Weight Control Program 600-9' (AR 600-9)
underwent a significant revision, which resulted in combining
the U.S. Army Physical Fitness and Weight Control Program
regulations in response to concerns that Army personnel were
becoming too sedentary, fat, and unable to maintain desired
levels of physical fitness.! The primary objective of the AR
600-9 is to ensure that all Army personnel are able to meet
the physical demands of their duties under combat condi-
tions. It is a mandatory weight control program that uses body
weight and percent body fat (% BF) to assist in establishing
and maintaining health, optimal physical fitness, and opera-
tional readiness.’

There is great debate, however, over ideal body composi-
tion for military personnel to optimize physical fitness and
performance on the battlefield. Identifying “ideal” body com-
position standards in military personnel is complicated by
the diverse, multifaceted requirements of military training
and missions. Unlike elite strength/power athletes who ben-
efit from a higher body weight and greater lean body mass
and elite endurance athletes who benefit from carrying less
body weight and low fat mass, the tactical athlete engages in
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military training and missions that require adeptness in both
of these fitness areas. Given these requirements, it appears that
a large, lean body composition with less body fat would best
meet the demands of military performance. The difficulty lies
in the fact that the Army is recruiting from an American popu-
lation that is 68% overweight/obese;? of this population, more
than 9 million adults aged 17 to 24 are too overweight to join
the military.? “Today’s Soldiers are larger than ever before,
a desirable Army trait—“large and in charge”—with appear-
ance of fitness and formidable size.”*

Scientific evidence, however, is equivocal regarding the
impact a larger body size has on physical fitness and mili-
tary performance in the contemporary Soldier. Research sub-
stantiates that excess body weight as fat-free mass (FFM) will
improve performance on standardized strength tests, as well
as physical tasks involving carrying and lifting.>¢ If, however,
the strength tests require moving body mass through space or
if body mass serves as the external load, lean body mass is
not associated with increased muscle strength performance.’
Mattila et al.® found that lean body mass was not associated
with muscle strength measured by standing long jump, push-
ups, sit-ups, pull-ups, and back extension.! Additionally,
because muscle mass does not proportionately increase with
body mass, larger individuals may be at a disadvantage in
maneuvering their own bodies.’

Excessive total body mass has been associated with
impaired aerobic fitness* and performance on a variety of mil-
itary readiness tests.*!®'? If excess weight is predominantly
fat mass, research is consistent that higher % BF does not
optimize fitness or performance.*'%!!13 A prospective study of
140 Army recruits showed that a 1% increase in fat shortened
the 12-minute running distance by 19.3 meters.® Moreover,
higher % BF has been shown to negatively affect military per-
formance on tasks that require both strength and aerobic com-
ponents such as loaded marching.5!
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A report from the Armed Forces Health Surveillance Center
revealed a drastic rise from approximately 25,000 to 70,000
active component military service members diagnosed as over-
weight between 1998 and 2008." Given the ambiguity between
“overweight” and “overfat,” research is warranted to investigate
whether there is an appropriate % BF that would significantly
improve strength, aerobic, and anaerobic fitness compared to
those with a higher % BF, regardless of total body weight.

The purpose of this study was to compare performance
on physical and physiological tests between Soldiers meet-
ing the Department of Defense (DoD) body fat goal (<18%)
and those exceeding the goal (>18%). It was hypothesized that
male Soldiers with less % BF (<18%) would perform better on
physical and physiological fitness tests and the Army Physical
Fitness Test compared to Soldiers with higher % BF (>18%).

METHODS

Subjects

Ninety-nine male subjects were recruited from the Army 101st
Airborne Division (Air Assault) to participate in this study.
Approval was obtained from the University of Pittsburgh’s
Institutional Review Board, Eisenhower Army Medical Center,
Clinical Investigation Regulatory Office, and the Human
Research Protection Office as part of an ongoing research
project focusing on injury prevention and performance opti-
mization in the 101st Airborne Division (Air Assault).

Dependent Variables

Body composition, measured as % BF, was used to catego-
rize subjects into groups on the basis of DoD body fat goals:'
group 1: <18% BF and group 2: >18% BF. Physiological
variables included anaerobic power (PNAP) and anaerobic
capacity (MNAP); maximal oxygen consumption (VO,max);
peak isokinetic knee extension (AKE) and flexion (AKF);
peak isokinetic shoulder internal (ASIR) and external rota-
tion (ASER); and the Army Physical Fitness Test (APFT).
Laboratory testing was performed in the Research Center for
Injury Prevention and Human Performance at Fort Campbell
by the same research associates on 2 separate days, with at
least 24 hours separating each test day. Body composition,
isokinetic strength tests, and anaerobic capacity were tested
on day 1 and VO,max was performed on day 2. The compo-
nents of the APFT were performed on the same day on a sepa-
rate occasion in a field setting. Although the primary purpose
of the tests was to assess the Soldiers’ strength and aerobic
and anaerobic fitness, achieving and maintaining a high level
of each fitness component is critical for Soldiers’ combat sur-
vivability and overall operational effectiveness.!”!®

Body Composition

The Bod Pod Body Composition System (Life Measurement
Instruments, Concord, California; see Figure 1) was used
to measure body composition. The Bod Pod utilizes air-
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FIGURE 1.

Body fat analysis.

displacement plethysmography to measure body volume and
calculate body density. The Bod Pod is a valid method of body
composition measurement in comparison with the gold stan-
dard, hydrostatic weighing, in heterogeneous samples, and
has been used to assess body composition across a variety of
populations.'®?* Intrasubject reliability within our laboratory
has demonstrated reliability and validity (ICC = 0.98, SEM =
0.47% BF). The system underwent a standard calibration uti-
lizing a 50.683 L calibration cylinder and an additional two-
point calibration before each test. Subjects wore spandex
shorts and swim caps. Body volume was measured until two
consistent measurements were achieved. Predicted lung vol-
ume and an appropriate densitometry equation were used to
calculate % BFE.® Subjects were assigned to group 1: <18%
BF or group 2: >18% BF to compare the results on the follow-
ing physiological fitness tests.

Anaerobic Power

Anaerobic power and capacity were measured using a VeloTron
cycling ergometer (RacerMate, Seattle, Washington; see
Figure 2) during a Wingate protocol.?® The Wingate protocol
is highly valid and reliable?” and has been significantly corre-
lated with anaerobic run test performance.” The ergometer
was calibrated by pedaling to a velocity according to factory
recommendations. Proper seat and handlebar adjustments
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FIGURE 2. Wingate test.

were made before the subject’s feet were secured to the pedals,
and a warm-up cycle at a self-selected cadence was initiated at
125 watts (W). Subjects underwent a 50-second cycling pro-
tocol, in which they pedaled at 125 watts for 20 seconds, and
then performed a maximal effort sprint for 30 seconds against
a braking torque of 9% body weight. Standard verbal instruc-
tional cues were provided during the test. Anaerobic power
was reported as the peak watts normalized to body weight
produced during the first 5 seconds of the test, and anaerobic
capacity was reported as the average watts normalized to body
weight produced during the entire 30 seconds (W/kg).

Maximal Oxygen Uptake

A portable metabolic system (Oxycon Mobile; Viasys, San
Francisco, California; see Figure 3) was used to assess max-
imal oxygen consumption during an incremental treadmill
test. The Oxycon Mobile is a valid metabolic system, showing
less than 3% difference compared to simulated VO, during
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FIGURE 3. Maximal oxygen uptake test.

a maximal cardiopulmonary exercise test.* The instrument
was calibrated with known gas mixtures and measured val-
ues corrected to standard temperature, pressure, and density.
A heart rate monitor (Polar USA, Lake Success, New York)
was worn by the subject around the chest at the level of the
zyphoid process. The subject performed a warm-up at a self-
selected speed on the treadmill for 5 minutes before testing.
A modified incremental protocol®' was used to reach VO, max,
with subjects running at a constant speed and a 2.5% increase
in grade at the end of each 3-minute stage. The subjects’ speed
was determined as 70% of the mile pace from their 2-mile run
time during the APFT. Subject termination was determined
by volitional fatigue. Maximal VO, is reliable and highly pre-
dictive for evaluating differences in aerobic fitness across
populations® and was reported normalized to body weight
(mL/kg/min).

Army Physical Fitness Testing

The APFT was conducted by the individual military units on
a separate occasion. Push-up and sit-up tests were performed
according to the Army standard protocol,* which records the
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maximal number of repetitions completed in each 2-minute
timed period. Push-ups and sit-ups are widely accepted as
valid indicators of muscle strength and endurance.’

A 2-mile run timed test was conducted and the amount
of time needed to run the distance of 2 miles was recorded.®
Distance runs are highly correlated with aerobic capacity.*”

Musculoskeletal Assessment

Bilateral isokinetic strength of the knee (flexion/extension) and
shoulder (internal/external rotation) was assessed using the
Biodex Multi-Joint System 3 Pro (Biodex Medical Systems,
Shirley, New York; see Figure 4). The reliability of isokinetic
strength testing had been established in our laboratory (ICC =
0.73-0.97) for peak torque/body weight.

Isokinetic knee extension and flexion dynamometry are
highly reliable (ICC = 0.96-0.97 and ICC =0.93-0.98, respec-
tively)**7 and valid**** measures of quadriceps and ham-
string muscle performance that identify military personnel at
risk for overuse knee joint injury,** and significantly predict
hopping, leaping, and jumping ability (r = 0.62-0.92, p < 0.05
for extension and r = 0.65-0.69, p < 0.05 for flexion)**" as
well as straight-line and agility sprint performance (r = -0.42
to —0.51, p < 0.05 for extension and R > 0.55, p < 0.05 for
ﬂexion)_45.48~50

Isokinetic shoulder internal rotation and external rota-
tion dynamometry is a highly reliable (ICC = 0.78-0.92)*'-
and valid*3%* measure of rotator cuff muscle performance,
of which optimal function is considered critical in shoulder
injury prevention programs.’***

FIGURE 4.

Isokinetic shoulder strength test.
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To test isokinetic knee and shoulder strength, the sub-
jects were properly fitted to the chair of the device by align-
ing the axis of joint rotation to the dynamometer axis. For
knee strength, the subject was seated with the hip at 90°, and
for shoulder strength, the subject was seated with their arm
securely fitted to the dynamometer’s arm at 30° of shoulder
abduction. Padded straps were used to prevent extraneous
movements during the test. Dynamometer range of motion
stops and limb weight/gravity correction were set. The sub-
ject performed three practice trials at 50% maximal effort and
three practice trials at maximal effort followed by a 60-second
rest period. Peak isokinetic torque for AKE, AKR, ASIR, and
ASER was measured across five, maximal effort repetitions
(concentric/concentric at 60°/second) and reported normal-
ized to percent body weight.

Statistical Analysis

Data were examined to evaluate the assumptions of normality
and homogeneity of variance. Descriptive statistics (measures
of central tendency and measures of dispersion) were calcu-
lated for all variables. Because the assumption of normality
was met for most, but not all of the variables, Mann-Whitney
U tests and calculation of the Spearman correlation coefficient
were performed. The results of the nonparametric test agreed
with the results of the corresponding parametric test (indepen-
dent samples #-test and Pearson correlation coefficient) with
respect to significance of the results (Table II). Though both
parametric statistics for normally distributed data and non-
parametric statistics are presented in Tables I and II, paramet-
ric statistics are reported in the text for all variables (mean +
SD). In post hoc analysis, there was one case (ASIR relative to
FFM between groups) when the nonparametric and paramet-
ric tests disagreed; in this case, both statistics are presented as
this also was a variable that did not meet the assumptions of
normality.

For variables where the assumption of homogeneity of
variance for the two-sample #-test for independent samples
was not met, the r-test for unequal variances (Satterthwaite
approximation) was used. Statistical significance was set at
0.05 (two-sided) a priori.

The performance variables included three distinct families—
aerobic/anaerobic capacity (PNAP, MNAP, and VO,max), APFT
(push-ups, sit-ups, and run), and muscular strength variables
(ASIR, ASER, AKF, and AKE). The Bonferroni procedure
was applied within each family of performance variables to
correct for the multiple comparisons.

Effect size for the performance variables was calculated
using the absolute difference between means and the pooled
SD. Statistical analysis was done using SPSS 17.0 (SPSS,
Chicago, Illinois.).

RESULTS
Table I lists the demographic and anthropometric data for all sub-
jects. Significant differences were found between group 1: <18%

MILITARY MEDICINE, Vol. 176, January 2011

e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Less Body Fat Improves Physical and Physiological Performance in Army Soldiers

TABLEl. Demographic and Anthropometric Data of Group 1: £18% BF and Group 2: >18% BF
Group 1 (£18% BF) Group 2 (>18% BF)

n  Median 1stQ 3rdQ Mean SD n  Median 1stQ 3rdQ Mean SD  Mann Whitney U~ T-test
Age (Y) 44 25.5 22.0 29.0 26.6 6.1 55 30.0 24.0 38.0 30.6 7.2 0.005* 0.004*
Height (in) 44 69.5 68.0 72.0 69.6 34 55 70.0 68.0 71.5 69.8 2.5 0.817 0.703
Weight (lbs) 44 170.0 152.5 1850 169.8 21.2 55 187.9 172.0 2150 1925 277 0.000* 0.000*
BMI (kg/m?) 44 24.9 23.0 259 24.7 26 55 26.8 254 29.9 21.7 3.1 0.000* 0.000*
BF (%) 44 14.0 11.0 16.0 133 37 54 25.2 21.1 29.8 26.0 54 0.000* 0.000*
Service (Y) 42 4.5 2.8 7.6 6.0 52 53 8.0 3.8 14.5 9.0 6.1 0.009* 0.011*
FFM (kg) 44 66.2 60.6 72.8 66.8 82 54 63.3 58.4 69.6 64.6 8.0 0.186 0.177
FM (kg) 44 10.7 7.9 13.1 10.3 34 54 21.2 16.8 29.0 23.1 7.1 0.000* 0.000*J

*Variable showed significant differences in medians and means between groups utilizing Mann Whitney U and T-test with ¢ set a priori at pp = 0.05.

TABLE Il. Comparison of Performance Variables between Group 1: <18% BF and Group 2: >18% BF
Group 1 Group 2
n Median 1stQ 3rdQ Mean SD »n Median IstQ 3rdQ Mean SD Mann Whitney U  T-test  Effect Size
PNAP (W/kg) 37 12.9 11.8 142 131 1.8 49 12.1 10.7 139 124 2.1 0.143 0.117 0.35
MNAP (W/kg) 37 8.3 7.8 8.7 83 0.6 49 7.3 6.7 8.0 72 1.0 0.000%* 0.000%* 1.23
VO,max (ml/kg/min) 44  52.1 486 556 522 54 55 441 394 477 441 638 0.000%** 0.000%* 1.32
Push-Ups 2min™') 36 765 643 858 782 185 38 685 540 750 657 139 0.003** 0.002%* 0.76
Sit-Ups (2 min™") 36 74.5 58.0 845 73.6 162 38 705 61.5 828 731 140 0.981 0.892 0.03
Run Time (min) 36 14.8 132 168 152 23 38 15.3 136 162 151 20 0.955 0.874 0.04
ASIR (% BW) 44 624 536 75.1 661 163 54 500 379 593 504 145 0.000%* 0.000%* 1.01
ASER (% BW) 44 440 401 505 454 7.7 54 360 310 417 366 74 0.000%* 0.000** 1.16
AKF (% BW) 44 1259 113 146.6 1279 239 54 104.0 85.1 122.6 103.6 26.6 0.000%* 0.000%* 0.96
AKE (% BW) 44 2655 2294 289.5 2635 49 54 223.0 186.0 2514 219 41.7 0.000%* 0.000%** 0.98

*Statistically significant at the 95% confidence level. **Statistically significant after application of the Bonferroni procedure within each family of performance

variables. All numbers have been rounded except for p-values.

BF and group 2: >18% BF for body weight, BMI, % BF, age,
and years of service. There were no significant differences
between groups for height and FFM. Thus, the difference in
body weight was due to the difference in the amount of fat
mass (FM) and not FFM.

Because the correlations between both age and years of set-
vice and the fitness/performance variables were weak (abso-
lute value < 0.3, except for the Pearson correlation coefficient
[-0.314] between years of service ASER), no further adjust-
ments were made for age or years of service in studying the
association between BF and physical fitness variables.”*’

Subjects in group 1: <18% BF who met the DoD body
fat goal performed significantly better than those in group 2:
>18% BF on 7 of the 10 physical and physiological tests
performed (Table II). Group 1: <18% BF had significantly
higher MNAP and VO,max than group 2: >18% BF (p <
0.001). Of the APFT, only push-ups were significantly differ-
ent between groups, with Soldiers in group 1: <18% BF having
significantly higher scores than Soldiers in group 2: >18% BF
(p = 0.002). Group 1: <18% BF performed significantly better
on all measures of isokinetic strength, including AKE, AKF,
ASIR, and ASER (p < 0.001).

A post hoc analysis was performed to calculate absolute
isoKinetic strength and isokinetic strength normalized to FFM.

MILITARY MEDICINE, Vol. 176, January 2011

Absolute strength values were significantly higher in group I:
<18% BF than group 2: >18% BF for ASIR (51.09 + 14.47 vs.
43.88 = 13.67, p = 0.013) and ASER (34.96 = 7.19 vs. 31.90
+7.29 N*m, p = 0.040), and while not statistically significant,
group 1: <18% BF had higher absolute AKE (203.52 + 46.76
vs. 190.51 £ 41.02 N*m, p = 0.146) and AKF strength (98.96
+ 23.71 vs. 89.98 + 24.23 N*m, p = 0.069).When isokinetic
strength was normalized to FFM, there were no significant dif-
ferences between group 1: <18% BF and group 2: >18% BF
for ASIR (52.4 + 8.6 vs. 49.4 + 9.1% FFM, p = 0.102), AKE
(304.1 = 55.5 vs. 296.0 + 54.7% FFM, p = 0.475), and AKF
(147.6 £ 27.5 vs. 139.6 + 33.1% FFM, p = 0.202). Isokinetic
ASIR relative to FFM was higher in group 1: <18% BF (76.2
+ 18.4 vs. 67.9 £ 18.1% FFM, t-test p = 0.026, Mann-Whitney
Up=0.054).

DISCUSSION

In recent years, the Army has been increasingly concerned
with the rise in body weight/fat and its effect on physical fit-
ness, battlefield performance, and military appearance. Results
from this study suggest that in Soldiers with similar amounts
of FFM, those with less body fat and thus weight performed
better on tests of anaerobic and aerobic capacity, push-ups,
and isokinetic knee and shoulder strength. In general, this
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study substantiates, if the excess body weight is from higher
body fat mass, overall physical fitness is compromised.

Since excess body fat is noncontractile, does not assist in
force generation, increases the force requirements of mus-
cles, weighs the body down during acceleration, and requires
more energy to move the heavier mass through space, it is
not surprising that it has a negative impact on aerobic perfor-
mance.”®* In this study, group 1: <18% BF performed sig-
nificantly better on the VO, max test than group 2: >18% BF.
In addition, the correlation between % BF and VO,max was
strong (r = —0.633, p < 0.001), a finding consistent with stud-
ies reporting a negative relationship between aerobic capacity
and % BE*% This relationship corresponds to the physio-
logical condition where the capacity for body propulsion is
decreased as % BF, or nonenergy-producing tissue, increases.*
Figure 5 shows that there is some variability in the relation-
ship between % BF and the VO, max, but in general, aerobic
capacity improves with a reduction in % BE.

Sharp et al. reported no significant change in VO,max in
a cohort of Army Soldiers tested at two time periods, 1978
and 1998 (VO,max 50.7 + 4.8 and 50.6 £ 6.2, respectively),
despite a significant increase in body fat (16.2 + 5.3% and
18.7 £ 4.8%, p < 0.05).5 The increase in body fat from 16.2%
to 18.8%, although statistically significant, is a range of body
fat that is below the most stringent maximal allowable body fat
level for Army personnel. From our data, as % BF increases
above approximately the 15% threshold, there is a more dra-
matic decrease in aerobic capacity (see Figure 5).

Maximal oxygen uptake and 2-mile run times have been
reported to be highly correlated (r = —0.76 to —0.91).5661-63 Ip
the present study, there was a very weak nonsignificant asso-
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FIGURES. Maximal oxygen uptake plotted against body fat percent. Circles
denote Group 1 (< or = 18% BF) and squares denote Group 2 (>18% BF).
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ciation between 2-mile run time and VO,max. It is unknown
whether subjects performed the APFT at maximal effort during
testing or whether they merely performed each task to pass the
Army standard requirements. Other researchers have also raised
questions regarding the extent to which a Soldier performs
maximally vs. achieving the minimal scores needed to pass the
AFPT.%% The weak association would substantiate the notion
that Soldiers did not perform at maximal effort on the 2-mile run
test. This limitation may in part explain why Soldiers in group
1: <18% BF did not perform significantly better than Soldiers in
group 2: >18% BF on the sit-up and the 2-mile timed run tests.

Limited previous research has evaluated the impact of body
composition on anaerobic power and anaerobic capacity. A
study examining the relationship between muscle fiber type,
body composition, and anaerobic power utilizing a cycle ergom-
eter test found that the morphological variables that had the
highest positive correlation to maximal power output were total
body mass and fat free mass (r = 0.54 and 0.57, respectively).5
These results may help to explain why there was no significant
difference between groups for anaerobic power in our study.
Since our results showed that anaerobic capacity was signifi-
cantly better in group 1: <18% BEF, this suggests that leaner
Soldiers perform better in anaerobic tasks lasting for a longer
duration. Figure 6 shows that in general, there is a decrease in
anaerobic capacity as % BF increases, with a sharper decline in
performance above approximately the 20% body fat level.

Not only is excess body fat negatively associated with
aerobic and anaerobic capacity; it has been negatively corre-
lated with measures of strength that use the body as the prin-
cipal resistance (push-ups, vertical jump) as well as those
that do not (isokinetic tests, 1-repetition max).”® Results of
the strength testing in this study are in agreement with these
findings, in which push-ups and isokinetic AKE, AKF, ASIR,
and ASER were significantly, negatively correlated to % BFE.
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FIGURE 6. Anaerobic capacity plotted against body fat percent. Circles
denote Group 1 (< or = 18% BF) and squares denote Group 2 (>18% BF).
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FIGURE 7. APFT push-up score plotted against body fat percent. Circles

denote Group 1 (< or = 18% BF) and squares denote Group 2 (>18% BF).

Sit-ups, however, were poorly correlated to % BF. The scatter
plot in Figure 7 shows that there is more variability in the rela-
tionship between % BF and push-up performance in the lower
body fat range; however, above the 20% body fat level, there is
a more dramatic decrease in number of push-ups performed.

In a study examining the association between body com-
position and physical fitness, 140 Army recruits completed
strength testing including standing long jump distance; num-
ber of sit-ups, push-ups, and pull-ups; back extension; and a
2-mile run.® Researchers concluded % BF was the strongest
predictor of muscle strength and running performance and
that the amount of muscle mass was not related to muscle
strength. Although it is generally accepted that as body mass
increases, both FFM and strength increase, muscle strength
does not proportionately increase with total body mass.” There
is a point at which the power produced by the higher amount
of FFM is not enough to offset the additional body weight and
the resistance created increases the energy requirement to per-
form the work.® This may in part explain why Soldiers in our
study with less body fat and body weight but similar amounts
of FFM (Table II), performed better on the majority of phys-
ical fitness tests. Figure 8 depicts the relationship between
AKF and % BF, which shows some individual variability, but
in general, as % BF increases, knee flexion strength decreases,
with a sharper decline at approximately the 15% BF level.

In examining the impact that FFM had on physical per-
formance, Pearson correlation coefficients for FFM and 10
physical fitness tests revealed a very weak, nonsignificant
(r = 0.002-0.164) relationship. Further, when the isokinetic
strength tests were normalized to FFM, there were no sig-
nificant differences between groups except for ASIR, which
trended higher for group 1: <18% BF. When normalized to
total body mass, each measure of isokinetic strength was sig-
nificantly higher in group 1: <18% BF, suggesting that the
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FIGURE 8. Isokinetic knee flexion strength plotted against body fat per-
cent. Circles denote Group 1 (< or = 18% BF) and squares denote Group 2
(>18% BF).

contribution of fat mass to total body mass accounted for the
relative decrease in performance. The results of this study
reinforce previous research showing that despite possessing
similar levels of absolute FFM, individuals with less % BF
possess greater levels of aerobic capacity and strength. %1014

The relationship between FFM and muscle strength and
endurance is stronger in tests that involve carrying a load and
lifting.>%7 Vogel et al.*® reported that absolute lifting capacity
is directly related to FFM and not related to % BF in men.”
However, since % BF in contemporary Soldiers is higher,
there may be a point in which this higher amount of fat will
also negatively impact absolute lifting capacity. Although our
strength tests did not directly measure load carriage ability or
overhead lifting, the absolute peak isokinetic strength values
for ASIR and ASER were significantly greater in group 1: <
18% BF, and while not significant, AKE and AKF showed
similar trends. This suggests that in our population, the leaner
subjects were able to produce greater absolute strength despite
having significantly less total mass. Future studies may ben-
efit from including loaded carry and maximal lifting tests to
evaluate whether higher body weight provides a performance
benefit or detriment and how that affects the other areas of
physical fitness and military performance.

Currently, there is debate over the concept of “large and in
charge™ body size and how it impacts overall physical fitness
and military performance. Critics of the current body weight
and fat standards argue that heavier Soldiers perform better on
a variety of military tasks such as lifting, pushing, and carrying
external loads and that these job tasks are required with greater
frequency in specific military occupational specialties (MOS).
Although a higher body weight may provide some benefit to
certain military tasks, carrying excess weight, as fat, is associ-
ated with poor physical fitness. One of the missions of military
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training is to improve physical fitness as it is generally accepted
that this will increase the likelihood of success in battle.®*%
Blount et al.%® reported that a Soldier who is more physically
fit can cover a longer distance in a shorter time than some-
one who is less fit, reducing time in the enemy’s line of fire.
Excess body fat may have a negative impact on important bat-
tlefield requirements including low and high crawl speed and
endurance and climbing various terrains for long distances.%®
As the % BF of today’s Soldiers continues to rise, research
is warranted to determine body fat levels that are optimal for
maximizing a wide range of physical fitness parameters and
indicators of combat readiness, and further, the impact of los-
ing excess fat on improving military fitness and performance.
The outcomes of this study present practical applications
to the military population not only in improving a Soldier’s
physical fitness and thus military readiness, but helping to
reduce a Soldier’s risk of injury. Knapik et al.” reported that
Soldiers with lower aerobic fitness and muscle strength had
a higher occurrence of musculoskeletal injuries. Essentially,
individuals with excess % BF may possess physiological fit-
ness and musculoskeletal strength deficits, reduced military
readiness, and increased risk for unnecessary injury.

CONCLUSIONS

As the body weight/fat of military personnel continues to rise,
it is important to identify the impact it has on military train-
ing and combat. It is important for the military to employ
techniques that provide more direct measures of body fat and
FFM to accurately identify Soldiers with excess weight from
body fat. This study provides supportive evidence that if the
increase in body weight is due to excess body fat, physical
fitness is compromised, which ultimately affects military pre-
paredness. Future research is warranted to examine the direct
relationship between body composition and physical readi-
ness, which is more specific to a Soldier’s MOS, tactical activ-
ities, and combat effectiveness.
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