Differences in Physical Fitness of Male and
Female Recruits in Gender-Integrated Army

Basic Training

RAN YANOVICH'!, RACHEL EVANS?, ERAN ISRAELI’, NAAMA CONSTANTINI*, NURIT SHARVIT®,
DRORIT MERKEL', YORAM EPSTEIN', and DANIEL S. MORAN'

Heller Institute of Medical Research, Sheba Medical Center, Tel-Hashomer, ISRAEL; >US Army Research Institute of
Environmental Medicine, Natick, MA; *Division of Medicine, Department of Gastroenterology, Hebrew University-Hadassah
Medical Center, Jerusalem, ISRAEL; *Department of Orthopaedic Surgery, Hadassah-Hebrew University Medical Center,
Ein Kerem, Jerusalem, ISRAEL; and *Combat Fitness Center, Infantry and Paratroopers Command, Ground Forces Command

ABSTRACT

YANOVICH, R., R. EVANS, E. ISRAELI, N. CONSTANTINI, N. SHARVIT, D. MERKEL, Y. EPSTEIN, and D. S. MORAN.
Differences in Physical Fitness of Male and Female Recruits in Gender-Integrated Army Basic Training. Med. Sci. Sports Exerc., Vol. 40,
No. 118, pp. S654-S659, 2008. Purpose: To evaluate gender differences in physical fitness before and after a 4-month gender-integrated
basic training (BT) course and to determine whether this program effectively narrowed the differences between male and female soldiers in
physical fitness parameters. Methods: One hundred and thirty-seven soldiers (109 females and 28 males) successfully completed a
4-month BT course in the Israeli Defense Forces (IDF). The subject’s physical fitness was evaluated pre- and post-BT by three laboratory
tests [the maximal aerobic capacity (VOuax), the Leonardo Ground Reaction Force Plate, and the Wingate Anaerobic Test (WAnT)] and
by the IDF physical fitness test (IDF-PT). Results: Females significantly improved their scores in the IDF-PT and laboratory aerobic tests,
whereas males significantly improved only in the IDF-PT. After BT, gender differences narrowed by approximately 4% in all tests except
upper body strength. Although fitness improvement after BT was marginally higher in females than males, resulting in a slight narrowing
of the gender differences, a significant gender gap in physical fitness still exists after BT. Conclusions: There was only a small overlap in
physical abilities at the beginning of BT, which indicated vast differences in physical fitness between the genders. As expected, integrated
combat BT improved physical fitness. Although females demonstrated marginally higher improvement in aerobic capacity, basic
physiological gender differences were still evident at the end of the training regimen. Key Words: MILITARY SERVICE, VO,
GROUND REACTION FORCE PLATE, WINGATE ANAEROBIC TEST

or the past 10 yr, there has been a growing interest in

the Israeli Defense Forces (IDF) to integrate women

into combat positions that historically were male-
dominated posts. This is in line with the increasing
involvement of women in the armed forces worldwide
(27). In 2001, 15% of the total US Army military force was
female (9), in comparison with 1.6% in 1972 (20), and
female involvement is expected to increase soon to 20% of
the active duty force (27). In Israel, where military service
is mandatory for both males and females, women constitute
approximately 30% of total military force. Noteworthy, a
demographic shift in the recruitment of women has forced
the US Army to update its policies on acceptable roles and
job assignments for women (27). In most militaries, women
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are excluded only from armor and infantry positions, where
their combat effectiveness is questioned on both physio-
logical and psychological grounds.

The physiological differences between men and women
have limited the inclusion of female soldiers in combat units
due to physical limitations related to their lower muscle
mass, higher fat percentage, lower aerobic and anaerobic
capacity, and higher susceptibility to stress fracture and
other musculoskeletal injuries (18). However, several
studies have demonstrated that proper training can narrow
the gender differences; for example, a study comparing
women and men undergoing a similar 8-wk training
regimen reported a reduction from 22% to 8% in the
aerobic power difference between men and women (6).
Additionally, studies comparing male and female weights
and lean body mass (LBM) have shown that with proper
physical training, both women and men reduce their body
fat percentage by up to 7.1% while increasing in total
weight, signifying a marked increase in muscle tissue
(22,24).

Interestingly, in a study conducted by the US Army
Research Institute for Behavioral and Social Sciences, male
soldiers in gender-integrated units demonstrated slightly
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reduced physical performance after basic training (BT) in
comparison with male soldiers in all-male units. In contrast,
female soldiers in those integrated units demonstrated
marked improvements in performance after BT in compar-
ison with female soldiers in all-female units (21).

In comparison with males engaged in similar activities
(14), women are known to be more susceptible to overuse
injuries such as stress fractures. Some studies have shown a
stress fracture incidence ranging from 12% to 30% among
female army recruits in comparison with only 7% to 10%
among male soldiers (4,18). Despite the high incidence of
injury among female soldiers, Reynolds et al. (23) showed
that women athletes who have undergone regular strength
training and running programs exhibited a significant
reduction in stress fracture incidence, with only 2 out of 45
(4.4%) participants dropping out of a training program due
to injury. Moreover, Knapik (17) showed that a carefully
controlled physical training program produced a lower
overall injury rate in basic combat training. Although those
injuries were not specifically stress fractures, one should
consider that incidences of stress fractures should decrease
in response to a controlled training program. Noteworthy,
military standards in combat units were set for male soldiers.
The point in question is whether women soldiers can adapt
to the physical demands by the implementation of proper
military-relevant training programs.

A unique situation of a male—female mixed combat unit
exists in the IDF. This unit comprises 70% female soldiers
and 30% male soldiers. All soldiers, regardless of their
gender, are required to serve under the same environmental
conditions and to participate equally in all duties, for
example, patrols, pursuits, ambushes, and surveillance. In
this unit, the physical requirements for female and male
soldiers are supposed to be equal.

In view of the increased interest for a deeper integration
of women into specific military positions, this study was
conducted to estimate gender differences in physical fitness
before and after a 4-month BT course and to determine
whether the course was effective in narrowing those
differences.

MATERIALS AND METHODS

Subjects. One hundred and seventy-six new recruits
(129 females and 47 males; 19 + 1 yr) who were assigned
to an integrated combat infantry battalion of the IDF
participated in a 4-month BT regimen. Both genders were
positioned in integrated platoons and classes with similar
training duration and requirements. The physical training
program consisted of an average of 4 h running, 3 h
marching, 10 h combat training, and 5 h continuous
standing per week. One hundred and thirty-seven soldiers
(109 females and 28 males) completed the 4-month course.

The procedures performed in the present study were
within the framework and restrictions of the IDF Medical
Corps Type Protocols for Human Research Studies of

Thermal Stress and Exercise and were also approved by the
surgeon general’s Human Subjects Research Review Board.
This committee approved the study in accordance with the
1964 Helsinki declaration. Baseline measures were taken
within 3 d of arrival to the recruit training unit (pre) and
upon completion of the 4-month training program (post).
Before participating in the study, all potential participants
were briefed by the study investigators and signed an
informed consent form before commencing the testing.

Anthropometric measurements. Changes in body
weight, percent body fat, body mass index (BMI), and lean
body mass (LBM) were evaluated by anthropometric
measures. Height (cm) was measured using a stadiometer
(1 cm), and weight (kg) was determined with a metric
scale (£100 g). Percent body fat was estimated according to
Durnin and Rahaman (7) from a four-site skinfold thickness
(biceps, triceps, subscapula, and suprailiac) using Lange
skinfold calipers (Beta Technology, Santa Cruz, CA). To
reduce operator variability the same investigator performed
all skinfold measurements. Body fat percentage was
calculated according to Siri (25), and body density (BD)
was calculated according to Durnin and Womersley (8).

Laboratory tests. Physical fitness was evaluated by
three laboratory tests and the IDF physical fitness test (IDF-
PT). For aerobic fitness, maximal oxygen uptake (VOZmaX,
mLmin~ "kg~') was measured using the modified Bruce
treadmill protocol (12). Oxygen uptake was measured
breath by breath by a metabolic cart (SensorMedics Corp.,
Yorba Linda, CA). Peak oxygen uptake (VOsp..) Wwas
considered according to accepted criteria (5).

For anaerobic fitness, the Wingate Anaerobic Test
(WAnT) was an all-out 30-s cycling bout performed on a
cycle ergometer (Monark Ergomedic 894 Ea®, Monark
Exercise AB, Vansbro, Sweden) using the protocol of
Bar-or et al. (1). The subjects cycled against a resistance
that was proportional to 8.5% of their body weight and were
measured for their peak anaerobic capacity (Wkg™ ).

For lower extremity force and power, the Leonardo
Ground Reaction Force Plate (Orthometrix, Inc., White
Plains, NY) was used to assess lower extremity force and
power. The subjects were positioned on the force platform
according to manufacturer’s guidelines and were asked to
use both legs to jump three times as high as possible. They
were then asked to perform three one-legged vertical jumps
on each leg to calculate force per kilogram (N'kg™') and
power per kilogram (W-kg_l).

IDF-PT test. The IDF physical fitness test (IDF-PT)
consisted of a 2-km run (time) and the number of maximal
push-up and sit-up repetitions performed until exhaustion or
until the recruits stopped for more than 2 s. Instead of
weighing all results into one final score, we present the
absolute results of the different subtests.

Statistical analysis. To compare between sample
means of the male and the female groups pre- and post-
BT, we used a 2 x 2 factorial repeated-measures ANOVA
(gender and time; a < 0.05). Fisher post hoc tests were used

GENDER FITNESS DIFFERENCES IN BASIC TRAINING

Medicine & Science in Sports & Exercises S655

Copyright © 2008 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



to further analyze significant interactions. Two-sample
Kolmogorov—Smirnov (KS) test (26) was used to compare
the empirical results division and to determine whether the
two gender distributions differ in all the fitness tests that
were implemented. The KS analysis is depicted by a box
figure whereas the exterior lines represent the variable range
between 0% and 100% while the 25 to 75 percentiles are
shown as a box. The dots in the figures symbolize
individuals who are more than 2.5 SD away from the mean
value. The asymptotic P value for the KS test was
considered at 0.0001.

RESULTS

A total of 109 females and 28 males successfully
completed the 4-month BT course. This represented an
overall survivability (the ratio between the number of
recruits that successfully completed BT and the number
entering BT) of 78% in the integrated BT course: 85%
survivability rate among females and 60% among males.
Preliminary anthropometric measurements revealed ex-
pected physiological differences. On average, females were
6.9% shorter, weighed 12.8% less, had 0.9% higher BMI,
and their percent body fat was 64.4% higher than the
males (Table 1).

Over the course of BT, an average increase in body
weight and BMI was evident in the female group (0.7 kg
and 0.2 kgm 2, respectively) while percent body fat
decreased by 3.5%. A 5.9% decrease in body fat also
occurred in the male group but was accompanied by an
average decrease of 0.8 kg in body weight and 0.5 kg'm >
in BMI (Table 1). The increase in the body weight and BMI
of the women, as well as the reduction in their body fat
percentage, contributed to a 2.6% increase in lean body
mass (LBM) after the training program. To note, all
intragender anthropometric changes between pre- and
post-BT did not reach a statistical significance. Although
both sexes exhibited a decrease in percent body fat, the
gender difference statistically increased (P < 0.05) from
64.4% to 73.6%.

Aerobic capacity differed significantly between both
groups as exhibited by a small overlap in VO,.—10%
of the top females overlapped with the lower 10% of the
males (P < 0.0001; Fig. 1A). Over the 4-month BT, females
significantly improved VO, by an average of 12.3%
(35.8 £ 6.4 to 40.8 = 6.0 mL'min~"kg~'; P < 0.05), and

TABLE 1. Anthropometric measures (mean + SD) before and after a 4-month BT regimen.
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FIGURE 1—Distribution of VO, (A) and 2-km run (B) results
before and after a 4-month BT regimen measured from 109 females
and 28 males. The boxes represent 50% of the subjects. In the boxes:
midline = median; bottom line = first quartile (Q1); upper line = third
quartile (Q3). Individuals who are more than 2.5 SD away from the
mean value; * P < 0.0001 between genders.

their male soldier counterparts improved VO,na by an
average of 9.3% (45.9 + 7.9 to 50.6 £ 7.0 mL-min~ kg ';
P < 0.05; Fig. 1 and Table 2). Females also improved their
2-km run time by an average of 10% (69 s) in compari-
son with the 5% improvement in the male group (28 s;
P <0.05). As can be seen in Figure 1B about the 2-km run,
only the highest 90th percentile females overlapped the
scores of the lowest 10th percentile males at the beginning
of BT (P < 0.0001).

Female (n = 108) Male (n = 28) Female/Male Difference (%)”
Phase (in BT) Before Atter Before Atter Before Atter
Weight (kg) 60.5 £ 10.0 61.2£9.1 69.4 £ 12.6 68.6 £ 11.7 -12.8* -10.8*
Height (cm) 162.3 + 6.3 162.5 + 6.1 1743 + 6.8 1747 + 71 -6.9* -7.0*
BMI (kg-m~?) 23.0+34 228 +4.0 23.7 + 4.1 223+3.0 29 2.2
Body fat (%) 286 +4.2 276 £ 4.1 174+ 49 159+ 45 64.4* 73.6*

Differences intragenders pre- or post-BT were not statistically significant.
2 Female/male % difference = (female — male) / male x 100.
* Significant gender differences at the same time point, P < 0.05.
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TABLE 2. Laboratory and PT test results (mean + SD) before and after a 4-month BT regimen.

Female (n = 108) Male (n = 28) Female/Male Difference (%)?

Phase (in BT) Before After Before After Before After
Aerobic VOpmax (ML'min~"kg ™) 358+ 6.4 40.8 + 6.0* 459+79 50.6 + 7.0* —-221 —19.411
Ground reaction force plate (N-kg ™) 461 +£9.2 427 +72 499+ 129 446 + 8.3 -7.6 -43
WART power (W-kg ™) 4.85 +0.90 4.89 +0.80 6.79 = 0.90 6.59 +2.30 —28.6t1 —25.8t1
PT

2-km run (min) 12:23 + 0:32 11.14 + 0.24* 9:43 + 0:21 9:15 + 0:18* 21.5% 17.7t

Push-ups (repetitions) 372+26 47.8 + 6.9* 428 +85 67.8 +9.1* -13.11 —29.5%

Sit-ups (repetitions) 63.6 + 18.6 855+ 18.3* 65.4 +19.9 85.9 £ 9.9 —2.7 -0.5

4 Female/male % difference = (female — male) / male x 100.
* Significance between pre- and post-BT, P < 0.05.
1 Significant gender differences, P < 0.05.

Analysis of the WAnNT results revealed that both genders
did not improve their anaerobic abilities throughout BT.
Whereas females maintained their anaerobic fitness, anae-
robic fitness in men declined by an average of 0.2 W-kg ™',
although not statistically significant. Nevertheless, the
anaerobic fitness differences between females and males
remained statistically significant (P < 0.05) both pre- and
post-BT (1.94 and 1.7 W-kg ™', respectively). The distribu-
tion comparison showed that at the beginning of BT only
25% of the females scored better than the lower 5% of the
males (P < 0.0001), and it increased to 45% of the females
at the end of BT as shown in Figure 2.

Lower extremity force production tended to decrease in
both groups during BT, but the changes were not statisti-
cally significant (49.9 £ 12.9 to 44.6 + 8.3 N'kg ™' in males
and 46.1 £ 9.2 t0 42.7 + 7.2 Nkg™ " in females) as shown in
Table 2. Noteworthy, this decline was slightly lower (not
significantly) in females (8%) than in males (11%).

The gender difference in push-up performance was
13.1% at baseline. After training, both men and women
improved; however, gains were considerably lower for
women (28% vs 54% for females and males, respectively).
In contrast, there was no significant gender difference in sit-
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FIGURE 2—Distribution of anaerobic peak power (W'kgfl) results
before and after a 4-month BT regimen measured from 109 females
and 28 males. The boxes represent 50% of the subjects. In the boxes:
midline = median; bottom line = first quartile (Q1); upper line = third
quartile (Q3). * P < 0.0001 between genders.

up performance either before or after BT, although both
genders significantly improved their scores (P < 0.05).

In summary, before BT, male achievements in all the
tests were higher than those of the females as shown in
Table 2. After BT, these differences were narrowed by up to
4% (P < 0.05) in every category with the marked exception
of push-up performance, where the gap increased by 16.6%
(P < 0.05), and the abdomen endurance, which showed a
lack of gender difference.

DISCUSSION

This study examined gender differences in physical
fitness parameters before and after BT in an infantry
battalion consisting of gender-integrated companies of
70% females and 30% males. This gender ratio in the
battalion was dictated by the Army Ground Forces Head-
quarters according to the unit assignments. This unit is
unique because female and male soldiers are required to
participate in the same combat assignments and act under
the same conditions and at the same combat standards. In
general, the study results emphasize the differences between
female and male soldiers in their physical capabilities,
which could not be bridged during the 4-month BT.

The results presented are in accordance with those
presented by the US Army Research Institute for Behavioral
and Social Sciences findings of improvement in female
soldiers’ physical abilities in comparison with their male
counterparts of the same integrated unit (21). It is obvious
that as women initially had a lower aerobic capacity than
men, they benefit more than males from the physical fitness
program.

This study is the first to demonstrate gender-distribution
differences during BT using the KS test for distribution
differences analyses (26). Initially, males had 22% higher
aerobic fitness, 28.6% higher anaerobic fitness, and 13.1%
higher upper extremity endurance than females. At the
beginning of BT, only 25% of the females scored
equivalent to the lower 5% of their male counterparts in
the VOyay test. During the IDF-PT test, the slowest male
ran faster than 75% of the females, and 90% of the females
achieved a total score similar to the lower 5% of the males.

Although gender differences narrowed throughout BT,
the low overlap in physical abilities between genders was
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consistent throughout training and showed a similar pattern
at the end of BT. Nevertheless, in this specific battalion, all
soldiers, regardless of their gender, are expected to perform
equally in their missions. These ability gaps are reduced by
performing the tasks as an integrated unit with both genders
performing according to their physical abilities.

Gender differences were demonstrated in similar studies
that emphasized the basic physiological advantage of males
as expressed by greater physical abilities (3,6,13,16).
Apparently, those differences resulted not only from the
basic physiological anthropometric differences between
genders, which indicated that females had 64.4% higher
body fat percentage than males, but also from different
gender-specific lifestyle activities in the year before recruit-
ment. These findings were similar to those described in
prior studies (2,11).

Adherence to the prescribed training regimen, calculated
from planned versus performed hours of activity, was 98%,
but the program lacked sufficient anaerobic exercise train-
ing. Thus, gender differences in anaerobic measures, which
narrowed by 3%, are not related to greater improvement in
the females’ abilities but rather to a decrease in anaerobic
capability in the men over the course of BT. We believe that
the decrease in anaerobic power affected also leg force,
which decreased after BT by about 10% in both groups.

The only physical parameter that did not differ between
the genders was the abdomen endurance as measured
during the IDF-PT test by performing sit-ups. Although it
is not unusual for women and men of the same age to
perform similarly on sit-ups (10,15), this study’s results are
skewed by the IDF-PT protocol, which awards maximal
points to those who can perform 86 continuous sit-ups,
providing no incentive to perform more.

Military training is a systematic process during which
soldiers, in a process that is similar to competitive athletic
training, improve their fitness to meet the dictated demands.
Planning for training programs must be according to known
guidelines and principles, such as overload, specificity, and
variety (19). Training reversibility emphasizes that no
improvement in fitness will occur if loading levels are not
stimulating enough. In this specific battalion, the physical
demands for male soldiers were the same as those for
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