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S H O R T  CO M M U N I C AT I O N

Officers in the U.S. military are commissioned through 
four main sources: the U.S. Military Academy, the 
Reserve Officers’ Training Corps (ROTC), Officer 

Candidate School, and Direct Appointment. ROTC programs 
were established to supplement the service academies in pro-
ducing leaders for the military and their origins date back to the 
Land Grant Act of 1862. This Act required all colleges to offer 
military training as a payback for the land grants they received 
from the federal government.8 Currently, there are more than 
600 colleges and universities throughout the United States that 
offer ROTC programs. Specifically, the Air Force ROTC’s pro-
gram is located on 145 college and university campuses along 
with more than 1100 additional institutions across the United 
States.2 In addition to leadership courses that prepare cadets for 
military service, physical fitness assessment (PFA) performance 
has become a determining factor for success within most ROTC 
programs.

The Air Force uses AFI 36-2905 to conduct its PFA, which is 
characterized by three components: body composition, aerobic 
capacity, and muscular endurance.4 Altogether, these assess-
ments are meant to provide commanders with a means to 
determine overall fitness of their personnel and set the standard 
for evaluating fitness levels within military personnel. Circum-
ference measurements of the abdomen are the primary method 
for assessing body composition and recent studies have sug-
gested that optimal body composition is related to higher 
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 INTRODUCTION:  Body composition (BC) measurements are used to determine qualification for enlistment and to ensure active 
members are meeting standards. Although there is extensive research on BC in active-duty military, very few have 
examined ROTC cadets. The purpose of this study was to identify and quantify differences in BC between freshman/
sophomore [underclass (UND)] and junior/senior [upperclass (UPP)] ROTC cadets by using bioelectrical impedance 
spectroscopy (BIS).

 METHODS:  UND (N 5 21) and UPP (N 5 15) Air Force ROTC cadets volunteered for this study. BIS was used to measure fat mass 
percentage (FM%), fat free mass percentage (FFM%), total body water percentage (TBW%), extracellular fluid percent-
age (ECF%), and intracellular fluid percentage (ICF%). Separate one-way ANOVAs were run between UND and UPP for all 
dependent variables with a Bonferroni correction factor. Additionally, a Pearson correlation between abdominal 
circumference (AC) and FM% was conducted.

 RESULTS:  No significant differences were observed between the UND and UPP groups’ BMI. However, significant differences were 
observed for ECF%, ICF%, TBW%, FFM%, and FM% in which the UPP had a higher TBW%, ICF%, FFM%, and a lower ECF% 
and FM% compared to the UND.

 CONCLUSIONS:  This study observed significant differences in BC across class ranks in ROTC cadets. Findings from this study suggest that 
due to an increased exposure to ROTC training, UPP cadets have a more ideal body composition (FFM% and FM%) when 
compared to UND cadets.
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fitness levels and reduced injury risks.9,10,14 While abdominal 
circumference may be a quick method to provide information 
regarding body composition, bioelectrical impedance analysis 
(BIS) may be an alternative that can provide a more in-depth 
look at the body composition of our military personnel. These 
findings may provide information which may be used for 
improving physical fitness training (PT) programs.

BIS has been proven to be a valid, reliable, and efficient alter-
native for evaluating body composition which can provide 
information that current measures do not.2,3 BIS uses low volt-
age currents to evaluate body composition based on the prin-
ciple that electric current flows at different rates through the 
body depending on its composition.3 Thus, the impedance 
measures (resistance and reactance) are used to predict fat 
mass, fat mass percentage (FM%), fat free mass, fat free mass 
percentage (FFM%), and total body water using various equa-
tions. Although current evidence suggests body composition 
may provide an accurate prediction of fitness levels in military 
personnel, very few studies have investigated changes in body 
composition over time spent in the military. In addition, no 
published studies have examined differences in body composi-
tion (BC) between underclassmen (UND) and upperclassmen 
(UPP) Air Force ROTC cadets. Therefore, the purpose of this 
investigation was to determine if a difference existed in BC 
between UND and UPP ROTC cadets. We hypothesized that 
prolonged exposure to PT will result in improved BC when 
comparing UPP to UND ROTC cadets, and that abdominal cir-
cumference (AC) will be correlated to FM%. Specifically, we 
believe that BC values for UPP cadets will indicate increased fat 
free mass and decreased fat mass as an adaptation to PT.

METHODS

Subjects
Male (N 5 30) and female (N 5 6) Air Force ROTC cadets 
(mean 6 SD; age 20.14 6 2.07; height 174.67 6 8.52 cm; weight 
76.33 6 9.70 kg; body mass index 25.01 6 2.65) volunteered for 
body composition measurements that used BIS. Additionally, 
cadets were split into two groups depending on if they were 
UND [N 5 21 (men 5 16, women 5 5)] or UPP [N 5 15 
(men 5 14, women 5 1)] to determine if there was a differ-
ence in body composition between grade classifications. 
All subjects signed a written informed consent document. 
The University Institutional Review Board for human subjects 
research approved this study.

Body Composition
After consent, height to the nearest 0.1 cm and weight to the 
nearest 0.1 kg were measured. Weight was taken with the par-
ticipant wearing loose fitting gym clothes (i.e., t-shirts, athletic 
shorts, etc.) with shoes removed. BMI was calculated as kg/m2. 
After height and weight assessments, participants were placed 
in a supine position for ;10 min with their arms abducted and 
legs separated. Height, weight, and gender were programmed 
into the BIS device. Two single-tab electrodes were placed on 

the right side of the body 5 cm apart on the wrist and the ankle 
(Fig. 1). Impedance was measured using 256 frequencies 
between 4 kHz and 1000 kHz to estimate total body water 
(TBW%), extracellular fluid (ECF%), and intracellular fluid 
(ICF%) based on Cole modeling with Hanai mixture theory, 
which the BIS device used to estimate FFM%, FM%, TBW%, 
ECF%, ICF%, and BMI.

Statistical Analysis
All data were analyzed using PASW software version 24.0 (SPSS 
Inc., Chicago, IL, USA). Separate one-way ANOVAs [Group 
(UND vs. UPP)] were run for all dependent variables (FFM%, 
FM%, TBW%, ECF%, ICF%, and BMI) using a Bonferroni cor-
rection factor. Additionally, a Pearson correlation between AC 
and FM% was conducted. An alpha level of P # 0.05 was con-
sidered significant for all comparisons.

RESULTS

Means and standard deviations for descriptives and each 
variable measured are presented in Fig. 1, Fig. 2, and Fig. 3. 
Significant differences were observed for ECF% (F1,35 5 5.50; 
P 5 0.025), ICF% (F1,35 5 5.50; P 5 0.025), TBW% (F1,35 5 
14.13; P # 0.001), FFM% (F1,35 5 13.90; P # 0.001), and FM% 
(F1,35 5 13.90; P # 0.001) in which the UPP had more TBW%, 
ICF%, FFM%, and less ECF%, fat mass, and FM% compared to 
the UND. A significant, weak, positive correlation (r 5 0.289; 
r2 5 0.083; P 5 0.044) was observed between AC (M 6 SD 5 
32.99 6 2.60) and FM% (M 6 SD 5 16.67 6 8.07) (Fig. 4).

DISCUSSION

The primary purpose of the present study was to identify and 
quantify differences in BC between UND and UPP ROTC 
cadets by using BIS. Secondary objectives of this study included 
identifying the effects of exposure to ROTC physical training 
on BC, and examining the relationship between AC and FM%. 
Results from the present study indicated significant differences 
between the UND and UPP groups for TBW%, ICF%, FFM%, 
but none were detected for BMI. Additionally, participants in 
the UND group had significantly more ECF% and a higher 
FM% compared to the UPP group, and the UPP group had sig-
nificantly more TBW%, ICF%, and FFM% when compared to 
the UND group. Also, of interest is the result of the correlation. 
While a significant relationship between AC and FM% was 
expected, it is surprising that FM% only accounted for ;8% of 
the variance in AC (R2 5 0.0832). Although most would have 
expected there to be a strong relationship between abdominal 
circumference and fat mass, we believe that our findings shed 
light on two important factors. First, when compared to tradi-
tional approaches, using in-depth BC measuring methods like 
BIS can provide additional relevant information regarding each 
cadet’s health status. Implementing BIS techniques into BC 
assessments within ROTC commissioning programs could 
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potentially improve current recommendations and approaches 
for exercise, nutrition, and recovery. Second, potential differ-
ences in the specific locations of body fat likely explains the 
relationship between FM% and AC.

We believe that there are two forms of fat that may have 
influenced the relationship between FM% and AC; subcutane-
ous and visceral fat. To our knowledge, subcutaneous fat accu-
mulates under the skin and can often be seen, palpated, or 
touched, whereas visceral fat surrounds the organs and usually 
cannot be palpated or measured without the use of BIS or far 
more invasive and expensive procedures like computed tomog-
raphy scans. Thus AC measurements may not always be the 
most precise way to evaluate BC, especially for the purposes of 
categorizing individuals as healthy vs. nonhealthy. Although we 
often assume that individuals with less subcutaneous or visible 
fat are healthier than those with more subcutaneous fat, the 
opposite may very well be true. In a simple modification to a vis-
ceral fat assessment method presented by Shiga et al.,13 in which 
BIS electrodes work in the same way as they normally would by 
providing feedback on FM% and FFM%, electrodes are placed 
5 cm above the belly button and in the same position on the lower 
back instead of on the wrist and ankle to provide subcutaneous 
and visceral body fat percentage measurements. Advancements 
in BC assessments like these could improve upon traditional BC 

assessment methods and recommendations for diet, exercise, 
and BC in the ROTC and active-duty military populations.

Based on our findings, BC differences between UND and 
UPP ROTC cadets appeared to be attributed to an increased 
exposure to PT. The results of the present study are supported 
by research performed by Aandstad et al.1 in which significant 
percent body fat improvements in Air Force ROTC cadets were 
observed after performing PT 2–3 times per week for 1 yr. Fur-
thermore, research conducted by Hydren et al.6 and Pihlainen 
et al.11 used various measurements (i.e., skinfold, waist circum-
ference, etc.) to measure BC in military personnel after partici-
pating in PT. Their findings also support our initial assumptions 
that prolonged exposure to PT results in increased lean body 
mass, skeletal muscle mass, and decreased fat percentages, 
which have been proven to be strong overall predictors for suc-
cessful military task performance.11 From the findings of pre-
vious research, it is realistic to assume that ROTC cadets 
participating in commissioning programs with PFAs that are 
similar to their respective military branch can expect to not 
only improve their BC as they transition from UND to UPP 
grade classifications, but additional physical measures (e.g., 
aerobic capacity, muscular endurance, etc.) that may improve 
their likelihood of successfully completing military specific 
tasks. Essentially, these are all incentives for participating in 

Fig. 1. Mean 6 SD for weight (kg), height (cm), FFM percentage (%), and FM percentage (%) for ROTC cadets.
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ROTC programs for those wishing to commission into the 
military.

In general, the quantity of exercise between UND and UPP 
groups was kept relatively constant during our investigation. 
Regardless of grade classification, all ROTC cadets were 
required to attend PT three times per week and each PT session 
was approximately 1 h in duration. Additionally, all cadets per-
formed similar exercise regimens which typically consisted of 
upper and lower body local muscular endurance exercises (i.e., 
push-ups and sit-ups for time) twice a week and cardiovascular 
endurance exercises (i.e., 2–3 mile runs) at least once a week. 
Therefore, we believe that the significantly different BC 
observed between the UPP and UND groups can be attributed 
to an increased PT exposure, significant differences in age, and 
possible differences in physiological or body maturation. We 
noticed through indirect observation that ROTC cadets in our 
program participated in approximately 90 PT sessions over the 
course of 1 academic year (30 wk). For this study, the UND 

group consisted of freshmen (0–1 yr in the ROTC Program) 
and sophomores (1–2 yr), whereas the UPP group consisted of 
juniors (2–3 yr), seniors (3–4 yr), and super-seniors (4–5 yr) at 
the time of their BC assessment. Therefore, we can assume that 
the UPP group had participated in at least 90 more PT sessions 
when compared to the UND group at the time of their assess-
ment. Ultimately, we believe that even though the quantity of 
exercise for cadets remained constant throughout 1 academic 
year, the UPP group’s increased PT exposure over the course of 
their academic career may have influenced the BC differences 
observed between groups.

In conjunction with increased exposure to physical activity, 
exercise physiology text has long suggested a relationship 
between age and the physiological maturation of our body’s 
respiratory, muscular, and endocrine systems.5,12 It has been 
reported that the respiratory system matures by age 20–25 yr 
for both males and females,12 peak muscle mass develops 
between 16–20 yr for females and 18–25 yr in males, and the 

Fig. 2. Mean 6 SD for total body water percentage (TBW %), age, intracellular fluid percentage (ICF, %), and extracellular fluid percentage (ECF, %).
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effects of postpubertal hormone influence contributes to hyper-
trophy, increased muscle size, and variations in BC during early 
adulthood.5 Specifically, optimal respiratory function, muscle 
size, muscular strength, hormonal influence, and BC are often 
associated with the transition from puberty to early adult-
hood.5,12 Compelling enough, the significant differences in age 
and BC between grade classifications that we identified drove 
us to consider the potential influence physiological maturation 
has on BC in military populations. We imagine that these sig-
nificant differences can be linked to the respiratory, muscular, 
and endocrine systems being more developed in the UPP 
group, which probably contribute to an increased metabolism, 
optimal hormonal responses, muscle mass, or ultimately an 
improved FFM% and BC overall as observed in this study.

While the ECF%, ICF%, and FFM% measurements were 
significantly different between UND and UPP grade classifica-
tions, no significant differences were observed in TBW, ECF, 

ICF, and FFM. These findings can best be explained by research 
conducted by Kakade et al.7 in which the relationships between 
FFM% and ICF%, and FM% and ECF% were established. Find-
ings from the aforementioned study suggested that ECF% and 
ICF% can be estimated based on the predicted TBW volume, 
FFM%, and FM%. The authors of the previous study also sug-
gested that FFM is a good conductor because it generally 
contains a large amount of water, amino acids, proteins, and 
electrolytes (which are primary constituents of ICF), compared 
to FM%, which is more of an insulator due to the resistive prop-
erties of fat and is composed of several constituents found in 
ECF%. Thus, higher FFM% and TBW% values can be associ-
ated with higher ICF% values, and higher FM values can be 
associated with higher ECF% values. Altogether, these four 
values (TBW%, FFM%, ECF%, and ICF%) may provide imper-
ative information about the hydration level and nutrition status 
of our military personnel. Furthermore, emphasis should be 
placed on the importance of evaluating these values in military 
personnel and investigating how they may be used to improve 
cognitive and physiological military task performance.

There are a few potential limitations to this study that should 
be addressed. While the sample sizes for each grade classifica-
tion sufficiently represented the ROTC population, it may be 
more beneficial to monitor BC changes in each ROTC cadet as 
they transition from UND to UPP. Additionally, assessing BC 
changes at the beginning and end of each semester could pro-
vide investigators with novel insight on the characteristics of 
BC adaptations to PT in commissioning programs. Lastly, it 
may be more ideal to assess BC in this demographic prior to 
exposure to PT. Implementing a similar research and assess-
ment model as cadets arrive back to their respective college 

Fig. 3. Mean 6 SD for body mass index (BMI) and abdominal circumference (AC) for ROTC cadets.

Fig. 4. Correlation for abdominal circumference (in inches) to fat mass (%).
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campuses, but before mandatory PT begins, may provide a 
more accurate report of their baseline BC.

When recruiting for commissioning programs like the 
ROTC, recruiters should consider presenting the benefits par-
ticipation has on BC as cadets’ transition from UND to UPP 
class ranks and into active duty military service. In the future, 
this study can be replicated in other commissioning programs 
to determine if similar effects occur. Additionally, by using the 
methodology presented in this manuscript, BC differences can 
also be compared between first and fourth-year active duty 
military personnel or between reservists and active duty mili-
tary personnel. Notably so, findings from these studies may dif-
fer for these populations when comparing years of service. To 
conclude, tracking BC as cadets transition through grade clas-
sifications within military commissioning programs may ben-
efit both the program and the cadets by providing insight on the 
effectiveness of the program’s PT, changes in BC from year to 
year, and cadet’s preparedness for the PFA as they begin active 
duty military service.
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