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Dual-Energy X-Ray Absorptiometry Body
Composition in NCAA Division | Athletes:
Exploration of Mass Distribution

Jennifer Sanfilippo, BS, LAT,*" Diane Krueger, BS, CBDT, CCRC,*
Bryan Heiderscheit, PT, PhD, 'S and Neil Binkley, MD™

Background: Body composition assessment is frequently used in sports medicine and athletic performance environments to
assess change in response to strength training and nutrition programs. However, to effectively do so requires knowledge regarding
expected body composition values relative to sport and sex. Dual-energy x-ray absorptiometry (DXA) is widely used to evaluate
body composition, although its utility in relationship to specific sports, performance, or rehabilitation is not clearly defined.

Hypothesis: Body composition metrics and distribution of National Collegiate Athletic Association Division I collegiate

athletes will vary based on sport and sex.
Level of Evidence: Level 4.

Study Design: Cross-sectional study.

Methods: A convenience sample of 337 athletes (229 men and 108 women) participating in football, wrestling, soccer,
hockey, basketball, golf, softball, or volleyball was evaluated. DXA-measured total body composition, including bone
mineral density (BMD), % lean mass, % fat, and regional distribution, were compared by sex, sport, and with an age-
matched National Health and Nutrition Examination Survey (NHANES) population.

Results: Men had higher BMD, lower % fat (16.4% vs 25.2%) and higher % lean mass (79.2% vs 70.6%) (P < 0.00D).
Regional composition varied by sport and sex, with women having a greater proportion of lean mass at the trunk and
men in their arms (P < 0.0001). Leg lean mass was distributed similarly between sexes (35%). Overall, the normative group

(NHANES) had lower BMD and higher percentage fat.

Conclusion: DXA-measured body composition and lean mass distribution varies by sport and sex in Division I athletes.
The observed difference to the NHANES population emphasizes challenges in identifying appropriate comparison
populations, reinforcing the need to compare athletes with their own baseline.

Clinical Relevance: These findings establish a framework to investigate the relevance of these variances and determine the

utility of body composition analysis in elite athletes.

Keywords: lean mass; fat mass; body fat; collegiate

accepted method to assess body composition™!" and is
increasingly being used in the fields of sports medicine
and sports performance.” An international survey conducted
by the Medical Commission of the International Olympic
Committee found that 38% of groups assessing body
composition used DXA, second only to skinfold assessments.*”
Other techniques to assess body composition exist, and reports

] ual-energy x-ray absorptiometry (DXA) is a well-

comparing and contrasting the methods have been published;**
however, in-depth discussion in this regard is outside the scope
of this study. DXA is rapid, relatively inexpensive compared
with other imaging techniques, and uses only a small amount
(effective radiation dose of 3 uGy per scan)™ of ionizing
radiation. Additionally, it allows for highly precise total and
regional composition measurements, which may be important
for evaluation of athletic performance, training regimens, or
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progress of rehabilitation postinjury("m This ability to evaluate
not only total fat and lean mass but also mass in specific
regions, such as the extremities, is a distinct advantage of DXA
compared with other measures of body composition such as
bioelectrical impedance or hydrodensitometry."!

Although the concept of assessing body composition in elite
athletes is attractive, there are little data to guide how to fully
integrate this measurement into performance and training
programs. Most available data investigating body composition in
elite athletes tend to focus on individual sports,'*" as only a
few report comparisons between sports or longitudinal changes
of athletes in a specific sport.‘%‘% Some publications evaluating
links between body composition and performance exist but,
again, are limited to a specific sport and/or activity.”"
Additionally, none of these offers concrete recommendations as
to specific training alterations in response to body composition
measures. Perhaps a challenge to providing comprehensive
guidance stems from the heterogeneity of elite athletes due to
differences in sport and sex. For example, it is suggested that a
least significant change for assessing biologic difference in serial
scans of National Collegiate Athletic Association (NCAA)
Division I collegiate athletes should be calculated using a
population of similar size and body composition.6 Least
significant change is a precision calculation used to determine
biological differences from method variance in serial scans.
Therefore, characterizing the body composition differences
between, or within, sport and sexes of elite athletes will serve
as a platform by which to start assessing the role of DXA-
measured body composition in relation to sport performance
evaluation, training, or even injury prevention or rehabilitation
assessment. Knowing normative values can help coaching and
sports medicine staff identify undesirable changes that may lead
to negative performance outcomes or potentially put the
athlete’s body at risk for injury. To this end, the purpose of this
work is to describe DXA-measured body composition data in
different sports and between sexes in Division I collegiate
athletes and provide rudimentary comparison with a normal US
population. These data may offer a foundation for researchers
to further explore the mechanisms of the differences described
in this work, and subsequent plans for use to create adaptive
programing for improving performance.

METHODS
Participants

NCAA Division I collegiate athletes receiving DXA-measured
body composition assessment as part of a preseason
performance evaluation were utilized for this report. A
convenience sample of 337 athletes (229 men and 108 women)
participating in football, wrestling, soccer, hockey, basketball,
golf, softhall, or volleyball was evaluated. Mean (£ SD) age was
20.0 (£1.0) years (range 17-27 years); for men 20.2 (+1.0) years
with a mean body mass index (BMI) of 27.6 (+4.3) kg/m* and
women 19.5 (+1.4) years with a mean BMI of 23.8 (+2.4) kg/m”,

Race was self-reported with a distribution of 270 identifying as
Caucasian, 54 identifying as Black, and 13 identifying as other.
The distribution by sex and sport is noted in Table 1; sports
with athletes of both sexes include soccer, hockey, basketball,
and golf. Body composition records were retrospectively
accessed after approval from the University of Wisconsin—
Madison’s Health Science Institutional Review Board. Because
this study was a record review, patient informed consent was
not required.

Procedures

A GE Healthcare Lunar iDXA densitometer was used for all
whole-body measurements and generated measurements of fat,
lean, and bone as bone mineral content (BMC). All of these
direct measures were reported as a percentage of total body
mass. The latter is corrected for size by calculating the ratio of
BMC/area, which equals bone mineral density (BMD). The lead
technologist, trained by an International Society for Clinical
Densitometry (ISCD)-certified technologist, acquired most scans
and analyzed all in a routine clinical manner following standard
operating procedures based on published recommendations.*"**
To ensure acquisition uniformity, only one other technologist
performed scans, who was trained by the lead technologist and
followed protocols developed for this Division I athletic
performance assessment facility. One physician with extensive
total body DXA experience reviewed all scans to validate
correct acquisition and analysis. Athletes were scanned in their
usual hydration state after bladder voiding; no fasting or other
limitations on their usual activities were implemented. All scans
were acquired and analyzed using enCORE software version
14.1 (GE Healthcare). Scans were analyzed using the software
auto analysis feature followed by manual correction of analysis
markers when necessary to ensure appropriate identification of
the trunk, arms, and legs. Athletes were fit to the scan field;
some wide individuals were wrapped in wide cloth straps to
allow inclusion of all tissue; no estimations were obtained using
the hemiscan software feature. Athletes that exceeded the length
of the scan field were positioned such that a portion of their
head was excluded from measurement. Percentage coefficient of
variation for total body DXA results from this performance
center have been published elsewhere® and range between
0.07% and 1.46% for measurement of total body fat and lean
mass, which falls within the ISCD-recommended range."*

Percentage BMC, lean mass, and fat mass were calculated in
relationship to total body mass. Additionally, the distribution of
lean mass in the legs, trunk, and arms was determined by
calculating the percent lean measured at these sites in
relationship to total body lean mass.

The DXA manufacturer’s software provides the capacity to
compare with various “normal” populations, and it has been our
experience that individuals are interested in how they compare
with “normal.” To facilitate understanding of the utility of such
comparisons in an athlete population, BMD and percentage fat
mass data from an age- and sex-matched National Health and
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Nutrition Examination Survey (NHANES) cohorts were included
to allow comparison of these athletes with a normal US
population. The cohort is composed of NHANES data utilized
by the manufacturer as normative databases. For this
comparison, it was composed of 1174 athletes aged 18 to 24.5
years from the 1999-2004 NHANES sample as characterized in
the University of California, San Francisco, final study report.”
As these data were collected on Hologic instruments, GE Lunar
software converts raw data to Hologic equivalent values using
validated equations."*

Statistical Analyses

Sport and sex differences related to each body composition
metric were evaluated with factorial analysis of variance (P <
0.05). Our data were compared with NHANES data using a
Z-test. Analyses and box plots were generated with StatView

v 4.5 (Abacus Corp.). Evaluation of differences in variance were
assessed using F test in Microsoft Excel.

RESULTS
Whole Body Composition

Over twice as many men were included in the sample than
women, as 117 football players comprised 35% of this cohort.
Overall, men had higher BMD (1.470 vs 1.277 g/cm’),
percentage BMC (4.4% vs 4.2%), and a greater percentage lean
mass (79.6% vs 70.6%), while women had a greater percentage
fat mass (16.4% vs 25.2%) (all P < 0.01) (Table 1).

Body composition differences by sport were observed for both
men and women (P < 0.01). In women, the only BMD
difference was a lower value in golfers. BMD differences were
also seen in men with male golfers having lower values than all
other groups. Additionally, between-sport differences were
present with football players having higher BMD than hockey
and soccer players (P < 0.01) and wrestlers having greater BMD
than hockey athletes (P < 0.04) (Figure 1). Certain sports also
demonstrated substantial BMD variance among the athletes. In
men, basketball had greater variation than golf or hockey but
less than football (P < 0.05). In contrast, women demonstrated a
lesser variance in basketball compared with softball, soccer, and
volleyball (P < 0.05).

Both men and women demonstrated differences in mean
percent body fat by sport (P < 0.05). For example, percent body
fat in women was highest in golf, and not significantly different
between any other sports. Men were more diverse with
basketball and soccer having lower percent body fat than all
other sports (P < 0.05) and football and golf were both higher
than hockey (P < 0.05) (Figure 2). Differences in extent of
athlete variation within sport was also observed in percent fat.
Notably, greater variance (P < 0.05) was seen in women’s
basketball, with a standard deviation of 7.5% compared with
hockey, softball, soccer, and volleyball, for which the standard
deviation ranged from 3.4% to 4.6%. Men demonstrated a wide
range of percent fat by sport (12.2% to 19.2%), with higher SDs
in football and wrestling, 6.6% and 4.7% respectively, compared
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Figure 1. Total body bone parameters by sex and sport.

Box and whisker plots are used to illustrate the mean total
body bone parameters (total BMD [top]; total bone mineral
content as a percentage of total body mass [bottom]) by sex
and sport, and the corresponding variance. The NHANES
male and female normative data used by GE Lunar for this
age group are added for reference in the BMD plot. This
demonstrates that the athletes tend to have higher BMD (P <
0.001) than “normal,” highlighting the low utility of a general
population reference for athletes. The box represents the
25th to 75th percentile with the midline being the median.
The whiskers represent the 10th and 90th percentile with
the circles depicting outliers. BMD, bone mineral density;
NHANES, National Health and Nutrition Examination Survey.

with basketball, hockey, and soccer at 2.0% to 2.6% (P < 0.05).
Additionally, football percentage fat variation was greater than
wrestling (P > 0.05). As would be expected, an inverse
relationship was seen with percentage lean mass, and identical
trends as described for percentage fat were observed (P < 0.05).
Overall, women had a higher proportion of their lean mass
within the trunk compared with men (48.3% vs 46.7%,
respectively), while men demonstrated greater distribution of
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Figure 2. Total body composition by sex and sport. Box and
whisker plots are used to illustrate the mean total body soft
tissue composition (% fat [top] and lean [bottom] mass of
total body mass) parameters by sex and sport, as well as
the corresponding variance. Women have greater fat mass
(%) than men, with men having greater lean mass (%)
(P<0.001). Variability in the body composition across
sports was more evident in men, as only golf differed from
the other women’s sports. The athletes tend to have lower
% fat (P < 0.001) than the comparative NHANES normative
data used by GE Lunar, highlighting the low utility of a
reference for body composition. The box represents the
25th to 75th percentile with the midline being the median.
The whiskers represent the 10th and 90th percentile with
the circles depicting outliers. NHANES, National Health and
Nutrition Examination Survey.

lean mass at the arms (13.1% vs 10.2%) (P < 0.01). No difference
was observed at the leg site with men on average having 35.4%
of their lean mass in their legs and women 35.5%. Women
demonstrated variation of lean mass distribution at all sites in all
sports (P < 0.01), although the range of difference between
sport by site did not exceed 2.3% (Figure 3). Sport differences

in lean mass distribution were only observed at the arms and
legs in men (P < 0.05), with no variation exceeding 1.6%.

When comparing these athletes with a normal US population
using age- and sex-matched NHANES data, the mean BMD was
higher and mean percentage fat lower among these athletes.
Specifically, both sexes had higher BMD (P < 0.01; males, 1.470 vs
1.216 g/cm’; females, 1.277 vs 1.107 g/em? and a lower percentage
fat (P < 0.01; males, 16.4% vs 22.7%; females, 25.2% vs 38.6%), than
the NHANES sample (Table 1; Figures 1 and 2). In summary, for
men and women in all sports, excluding golf, the NHANES mean
BMD was lower (by 14% to 25%) and mean percentage fat higher
(by 21% to 46%), depending on sex and sport.

DISCUSSION

Body composition and lean mass distribution precisely
measured by DXA is variable by sex and sport in Division I
collegiate athletes, with some sports showing considerable
within-sport variation. For example, athletes participating in
football and wrestling not only differ in body composition when
compared with other sports but also demonstrate substantial
variability within their respective sport. This within-sport
variation is likely a reflection of the different physical
requirements of various positions in football, or it may simply
be due to size, as is likely the case with wrestlers. Indeed,
position-specific differences in total and regional lean and fat
mass has been observed in collegiate and professional football
players and collegiate softball players.'**"* Women displayed
more homogeneous body composition values across sports
compared with men with some noticeable differences in the
basketball players and golfers, which agrees with previous
research looking at total body values across sports.** Such
between- and within-sport differences make comparison with
“normal” body composition values largely irrelevant. Moreover,
athletes differ substantially from a “normal” population. For
example, using the NHANES reference data, the mean BMD was
14% to 25% higher and percentage body fat values 21% and
46% lower for all teams, demonstrating that this sample differed
substantially from the “normal” population.” The fact that the
athletes are so different from a normative population, and even
from each other, suggests that comparison with any existing
reference population does not offer beneficial information from
a sport performance standpoint. It appears that sport-, sex-, and
perhaps position-specific databases should be developed to
optimize use of normative data comparisons. Alternatively, it may
be more appropriate to implement personal goal setting and
compare athletes with their own baseline or prior measurements.
Not surprisingly, male and female athletes have different body
composition of bone, fat mass, and lean mass.” Previous findings
also suggest males have greater BMD, percentage BMC, and
percentage lean mass than comparable females.” The greater BMD
observed in men likely reflects the fact that male bones are larger
than female bones. Specifically, as DXA is an areal measurement,
that is, g/cm? larger bones of identical volumetric composition
will impart a higher BMD as measured by DXA.* Additionally, as
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Figure 3. Distribution of percentage lean mass by sport and sex. The percentage of lean mass in the trunk is relatively stable by
sex and sport, while the distribution in the arms and legs appears more variable across sport for men.

expected and widely previously reported, we found females to
have a greater percentage fat mass than males."” Multiple physiologic
mechanisms including sex steroid hormones, corticosteroids, and
peptide hormones may explain this phenomenon.** These sex
differences further reinforce the necessity of using sport-, sex-, and
potentially position-specific normative databases when comparing
athletes with a “normal” population.

From a whole body standpoint, the homogeneity of the female
athlete is interesting; the only sport that differs in women is golf,
with lower mean BMD and lean mass and higher fat percentage
observed. Despite overall similarity, there is wide individual
variance in lean and fat mass in the female basketball team. This
finding is contrary to work by Carbuhn et al,* who observed
intersport composition differences in female athletes
participating in basketball, volleyball, and softball; with greatest
differences in swimming and track athletes, the latter of which
we did not study.” Perhaps the lack of significance in our data is
due to the athletes or sports studied; it is plausible that inclusion
of swimming, track, rowing, or tennis would demonstrate
variations similar to those observed in the men. Body
composition in men has been characterized in rugby, cricket,
and football, but these are the first data to evaluate differences
between a wide range of sports.'*" Football and wrestling, in
particular, likely contributed to the between-sport difference
observed, as participation in these sports necessitates a wide

range of body sizes. Both sports have a wide size variation
between athletes, small to large, and football additionally has
differing physical requirements based on position. This variation
in football players has been characterized'’; however, the
significance of how these differences affect performance
evaluation or associated training modifications is unknown.
Furthermore, within-team variation in body composition may be
partially attributed to the year in school of the team members.
Changes in body composition, in particular an increase in lean
mass, has been demonstrated in athletes in some female collegiate
sports across each year of competition and training.*

Despite overall similarity of whole body composition,
differences in lean mass distribution were observed by sport in
women and men. These small observed lean mass distribution
differences may suggest that local lean mass is important for
certain performance activities. Specific activities related to a
sport (eg, throwing) likely lead to accumulation of lean mass to
different regions (such as the arms), validating findings by
others.*® This may suggest that total body lean mass is linked to
general movements, related to ambulation and function and less
affected by repetitive or dominant use of a specific region
related to an activity, such as running or swinging.

Body composition measurement is an important factor for
sports medicine and sports performance, with high utilization
by a variety of related professions.” Very low body fat mass and
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extreme mass fluctuations have been a common focus within
sports medicine communities, especially as it relates to female
athletes.” Relationships between body composition and injury
in collegiate athletes have only begun to be investigated.”"?’
Furthermore, strength and conditioning programs are typically
designed with the underlying goal of optimizing the amount
and distribution of lean mass as it relates to the sport or
position."*” Our findings may be useful to these groups by
characterizing the degree of difference in body composition that
exists between various collegiate sports and by recognizing the
variability between athletes within certain sports. This variability
emphasizes the necessity of evaluating an individual’s change
over time compared with one’s own baseline data when
monitoring for the effects of conditioning/training, and also
potential health ramifications such as the female athlete triad.
Such monitoring requires high-quality DXA performance® and
knowledge of least significant chzlnge.6

Finally, this work emphasizes the lack of utility in comparing
athletic populations with a “normal” population. Importantly, the
US population has experienced an epidemic of obesity over the
recent decades, thus comparing percentage fat of elite athletes
with an obese quasi “normal” population will provide little to no
insight into how an athlete compares with his or her athletic
counterparts. Such futility of comparing with existing normative
populations further emphasizes the need to develop sport-
specific normal population data or utilize personal goal setting.

Limitations of this study include a relatively small sample size
within each sport and sex. The large number of football players
offers less power when one begins to segment the group by
size or position. Additionally, although this study offers the
largest number of sports evaluated together, only 8 were
evaluated, which does not span the full diversity of athletic
activities; for example, inclusion of gymnasts, track/field,
swimming, or tennis athletes might have offered more diversity
of the groups. The implications of the body composition
differences reported here have not been linked to any sports-
related performance outcome. Furthermore, this sample is
composed of Division I collegiate athletes, a group of relatively
elite individuals. Whether these findings are applicable or will
be relevant for a midlevel or recreational athlete is unknown.
These data were included in some comparisons to offer
reference of how these athletes measure in relationship to a US
population. Finally, it is important to appreciate that DXA
measured lean mass includes all nonfat soft tissue (ie, muscle,
skin, organs, and connective tissue)* and consequently is only
a surrogate for muscle mass, which may limit associations with
performance. There are several methods to assess body
composition, and technique correlations vary; however, DXA
demonstrates strong correlations with magnetic resonance
imaging and computed tomography.®

CONCLUSION

Our findings reveal substantial and important sport- and sex-
specific differences in whole body and anatomical composition

among NCAA Division I athletes. The large variation within
certain sports may offer insight into the relevance of these
differences. Normative sport- and position-specific values, but
more importantly, serial assessment of the individual athlete on
follow-up studies could assist the coaching and sports medicine
staff to identify undesirable changes that may have negative
consequences on athletic performance, injury risk, and overall
health and well-being with potential long-term consequences
such as the female athlete triad. Finally, but importantly, this
work emphasizes the lack of utility in comparing athletic
populations with a normal US population reference data set.
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