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Abstract
Currier, BS, Harty, PS, Zabriskie, HA, Stecker, RA, Moon, JM, Jagim, AR, and Kerksick, CM. Fat-free mass index in a diverse
sample of male collegiate athletes. J Strength Cond Res 33(6): 1474–1479, 2019—Fat-free mass index (FFMI) is a body com-
position metric that has been used to assess relative muscularity in athletes. Fat-free mass index is calculated by dividing FFM by
height squared, although further height corrections through linear regressionmay be needed in taller individuals. This study reported
height-adjusted FFMI (FFMIAdj) data in 209 male collegiate athletes from 10 sports (baseball, cross country, football, golf, ice
hockey, weightlifting, rugby, swimming, track and field, and water polo) and the FFMIAdj natural upper limit for sports with sufficient
sample size. The body composition of all subjects (mean6 SD; age: 20.76 1.9 years, height: 182.96 6.7 cm, body mass: 90.86
16.8 kg, and percent body fat: 15.66 5.3) was measured using dual-energy x-ray absorptiometry. Linear regression was used to
adjust for height, and the FFMIAdj natural upper limit was determined by calculating the 97.5th percentile of all values. One-way
analyses of variance with Games-Howell post hoc comparisons were used to determine between-sport differences. A paired-
samples t-test revealed a significant difference (p, 0.001) between unadjusted and adjusted mean FFMI values. The overall mean
FFMIAdj was 22.86 2.8 kg·m22. Significant between-sport differences (p, 0.001) in FFMIAdj were identified. Average FFMIAdj was
highest in football athletes (24.286 2.39 kg·m22) and lowest in water polo athletes (20.686 3.56 kg·m22). The FFMIAdj upper limit
was calculated for all athletes (28.32 kg·m22), rugby (29.1 kg·m22), and baseball (25.5 kg·m22). This study reported FFMIAdj values
in a diverse cohort of male collegiate athletes, providing data for the first time in several sports. These values can be used to guide
nutritional and exercise interventions, predict athletic performance, and provide coaches with standardized information regarding
the potential for further FFM accretion in male athletes.
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Introduction

Body composition is a valuable indicator of health status and
a key determinant of athletic performance (6,23). Although body
composition demands vary considerably between sports, excess
body fat is typically associated with impaired athletic perfor-
mance, whereas increased fat-free mass (FFM) is associated with
improvements in physical performance (2). Unsurprisingly,
measures of body composition and kinanthropometry have been
shown to influence parameters of athletic performance such as
strength, anaerobic power, and absolute power in a variety of
athletic populations (14,16,19,20,26). Owing to the excellent
predictive quality of body composition in athletes, the use of ef-
fective body composition classification metrics is of utmost im-
portance to researchers and practitioners alike.However, because
absolute measures of body composition such as fat mass (FM) or
FFM do not allow for direct comparisons between athletes of
different heights or body sizes, height-normalized metrics of body
composition have been proposed as an effectivemeans to quantify
relative fatness or muscularity in athletic populations (24).

Fat-free mass index (FFMI) is a height-adjusted measure of
FFM, which was initially proposed as a means to assess the
presence of protein-energy malnutrition in subjects undergoing

experimental semistarvation (27) and later suggested as a screen-
ing tool to detect the use of anabolic-androgenic steroid use in
resistance-trained men (10). Calculated by dividing a person’s
absolute FFM by height squared, FFMI has been suggested as
a superior alternative to body mass index as a means to classify
disease risk and overall health status (1,3,9,11,13,18,21). Recent
investigations have proposed that FFMI can be used to assess an
athlete’s capacity for FFM accretion, guide training and nutri-
tional practices, recommend competition weight in weight-class
sports, suggest optimal position assignments, aid athlete re-
cruitment, and identify athletes’ potential for future success
(22,24). To date, naturally attainable upper limits of FFMI have
been identified in National Collegiate Athletic Association
(NCAA) Division I and II football players (24) and in resistance-
trained men (10). In addition, although FFMI is inherently
a height-adjusted metric, Trexler et al. (24) noted that additional
height adjustment through linear regression may be necessary
because increases in body thickness are disproportional to
increases in body height. The application of this correction to all
persons would allow for better comparison between individuals
of varying height.

Currently, more research is needed regarding the applications
of FFMI in athletic populations. Although earlier investigations
have provided normative FFMI data for football (24) and
baseball (12) athletes, more information is required in addi-
tional sports and competition levels (24). To date, height-
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corrected FFMI has only been assessed at the collegiate level in
NCAA football athletes. Therefore, the purpose of this study
was to expand on the pre-existing literature surrounding FFMI
in athletes by providing sport-specific normative FFMI data in
male collegiate athletes, reporting upper limits of FFMI when
possible, and determining the presence of any between-sport
differences in the sample. In addition, this study aimed to de-
termine whether height corrections through linear regression are
necessary when assessing FFMI in male collegiate athletes. It
was hypothesized that average FFMI would differ significantly
between sports.

Methods

Experimental Approach to the Problem

This IRB-approved, cross-sectional investigation was con-
ducted to determine sport-specific FFMI values in male col-
legiate athletes. Over the course of 3 years, the body
composition of male collegiate athletes from 10 different
drug-tested sports was assessed using dual-energy x-ray
absorptiometry (DEXA). Results of the body composition
assessments were used to determine each subject’s FFMI.
These values were then further adjusted for height through
linear regression, as described by Trexler et al. (24). Sport-
specific normative values were calculated, and the naturally
attainable upper limit for FFMI was identified by calculating
the 97.5th percentile values for the entire cohort. Between-
sport differences were identified using appropriate parametric
or nonparametric methods.

Subjects

Male collegiate athletes (n 5 209) from 10 drug-tested sports
participated in this study (mean6 SD; age: 20.76 1.9 years [age
range: 18-31 years], height: 182.9 6 6.7 cm, body mass: 90.8 6
16.8 kg, and percent body fat [BF%]: 15.6 6 5.3%). This study
included athletes from the following sports: baseball (n 5 41),
cross country (n5 6), football (n5 29), golf (n5 2), ice hockey (n
5 3), weightlifting (n5 14), rugby (n5 54), swimming and diving
(n 5 36), track and field (n 5 12), and water polo (n 5 12).
Absolute FM and FFM data for each sport can be found in
Table 1. Written informed consent was given by all subjects be-
fore any data collection, and all consent forms and procedures
were approved by the LindenwoodUniversity institutional review
board (IRB-19-L0032) before any data collection.

Procedures

Each subject reported to the laboratory for a single study visit,
during which all anthropometric and body composition assess-
mentswere collected.Owing to the high volume of scans required,
data collection took place over a 3-year period during all parts of
the competitive season. Subjects were instructed to arrive to the
laboratory in a euhydrated state between the hours of 05:30–10:
00 after refraining from exercise and caffeine consumption for at
least 24 hours and from food or drink for 8 hours. Subjects wore
light athletic clothing and were instructed to remove shoes as well
as any plastic, metal, and easily removable jewelry from their
body. Bodymasswasmeasured to the nearest 0.1 kgwith a digital
scale (BWB-627A; Tanita, Tokyo, Japan). Height was measured
with a stadiometer (HR-200, Tanita Stadiometer; Tanita) to the
nearest 0.1 cm. All demographic information (height, body mass,
age, and ethnicity) was entered in the software provided by the
DEXA manufacturer (Hologic APEX Software, Version 4.5.3).
Subjects were positioned in a supine manner on the DEXA
scanning bed in accordance with the manufacturer’s instructions
and were instructed to remain still during the duration of each
assessment. All whole-body DEXA scans were completed using
a single Hologic QDR Discovery A (Bedford, MA, USA; Serial #
85063) unit by a trained research associate according to manu-
facturer guidelines. Before all scans, internal calibration proce-
dures were completed as outlined by the manufacturer. After the
completion of all scans, a trained researcher (B.S.C.) analyzed all
scans using the aforementioned software and the TBAR 1209
(Pre-NHANES) calibration method. Total BF%, total FM, total
FFM, and total bonemineral content were then recorded for every
subject. These procedures have yielded excellent test-retest re-
liability data in our laboratory for FM (95% confidence interval
[CI] of the intraclass correlation coefficient [ICC] 5
0.996–0.999), lean mass (ICC 5 0.999 to .0.999), and bone
mineral content (ICC 5 0.996–0.999).

Unadjusted FFMI was calculated using equation 1, as de-
scribed by VanItallie et al. (27).

FFMI ¼ FFMðkgÞ
ðHeight½m�Þ2 (1)

Statistical correction of FFMI values for differences in height
was determined according to the procedures of Kouri et al. (10)
and Trexler et al. (24). Unadjusted FFMI values in all subjects
above the median FFMI were regressed against height because
this subgroup has been previously suggested to represent indi-
viduals with higher levels of FFM accretion (24). The regression

Table 1

Absolute FM and FFM in male collegiate athletes.*

Sport N FM (kg) FFM (kg) Body fat %

Baseball 41 15.0 6 4.6 (13.5 to 16.5) 74.7 6 5.8 (72.9–76.5) 16.6 6 4.3 (15.2 to 18.0)

Cross country 6 7.2 6 0.3 (6.9 to 7.5) 62.4 6 2.7 (59.6–65.2) 10.4 6 0.6 (9.8 to 11.0)

Football 29 20.8 6 11.9 (16.3 to 25.3) 87.5 6 11.8 (83.0–92.0) 17.9 6 7.0 (15.2 to 20.6)

Golf 2 12.7 6 4.5 (227.7 to 53.1) 70.8 6 6.3 (14.2–127.4) 15.3 6 5.7 (235.9 to 66.5)

Ice hockey 3 9.9 6 2.4 (3.9 to 15.7) 71.6 6 11.7 (42.5–100.7) 12.1 6 1.1 (9.4 to 14.8)

Weightlifting 14 13.3 6 4.6 (10.6 to 16.0) 73.7 6 12.7 (66.4–81.0) 15.7 6 4.8 (12.9 to 18.5)

Rugby 54 14.9 6 6.9 (13.0 to 16.8) 79.6 6 8.3 (77.3–81.9) 15.3 6 4.9 (14.0 to 16.6)

Swimming 36 10.9 6 4.1 (9.5 to 12.3) 70.7 6 6.7 (68.4–73.0) 13.2 6 3.8 (11.9 to 14.5)

Track and field 12 13.9 6 12.4 (6.0 to 21.8) 74.1 6 14.0 (65.2–83.0) 14.3 6 7.3 (9.7 to 18.9)

Water polo 12 18.1 6 5.2 (14.8 to 21.4) 69.8 6 12.8 (61.7–77.9) 20.2 6 4.5 (17.3 to 23.1)

All sports 209 14.8 6 7.7 76.2 6 10.8 15.6 6 5.3

*FM 5 fat mass; FFM 5 fat-free mass.
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slope (b520.014, p5 0.631) and the average height of all 209
subjects (182.9 cm) were then used in equation 2 to calculate
height-adjusted FFMI (FFMIAdj) for each subject, using proce-
dures similar to Trexler et al. (24).

FFMIAdj ¼ FFMIþ ð½2 0:014�3 ½182:92Subject  height�Þ (2)

Statistical Analyses

All data were analyzedwith IBM SPSS Statistics Version 25 (IBM,
Armonk, NY, USA) and are presented as mean6 SD. Data were
assessed for normality using the Shapiro-Wilks test, and log
transformations were computed when assumptions of normality
were violated. Measures of central tendency were calculated for
FFMI and FFMIAdj. A paired-samples t-test was completed to
identify differences between FFMI and FFMIAdj. The Levene test
was used to assess homogeneity, and a one-way analysis of var-
iance (ANOVA) with appropriate post hoc comparisons using
log-transformed data was used to determine between-sport dif-
ferences in FFMIAdj. Percentile classifications were also calcu-
lated. Finally, the 97.5th percentile was calculated to determine
the natural upper limit for FFMIAdj, as described by Trexler et al.
(24). An alpha level of 0.05 was determined to represent the
threshold of statistical significance.

Results

The mean unadjusted FFMI for the entire sample was 22.86 2.8
kg·m22 and the median was 22.7 kg·m22. The mean unadjusted
FFMI of the subgroup used for regression analysis was 25.06 1.9
kg·m22. The mean FFMIAdj for the entire sample was also 22.86
2.8 kg·m22. However, a paired-sample t-test revealed significant
differences between adjusted and unadjusted FFMI values (p ,
0.001). The Levene test demonstrated heterogeneous variance
between groups (p5 0.001), so a one-way ANOVAwith Games-
Howell post hoc comparisons was computed and revealed sig-
nificant differences (p , 0.05) in FFMIAdj between sports. As
described in Table 2, average FFMIAdj for rugby athletes (24.286
2.39 kg·m22) was significantly greater than baseball (22.15 6
1.61 kg·m22, p , 0.001; 95% CI: [23.371 to 20.891]) and
swimming (20.94 6 1.61 kg·m22, p , 0.001; 95% CI:

2.069–4.613) athletes. Average FFMIAdj for football athletes
(24.94 6 2.42) was significantly greater than baseball (22.15 6
1.61 kg·m22, p , 0.001; 95% CI: 1.199–4.376), swimming
(20.94 6 1.61 kg·m22, p , 0.001; 95% CI: 2.387–5.609), and
water polo (20.68 6 3.56 kg·m22, p 5 0.022; 95% CI:
0.480–8.041) athletes. In addition to being significantly less than
rugby and football, average FFMIAdj for baseball athletes (22.15
6 1.61) was significantly greater than swimming (20.94 6 1.61
kg·m22, p 5 0.025; 95% CI: 0.096–2.325) athletes. Percentiles
for the entire sample and each sport were calculated and are
reported in Table 3. As mentioned previously, Trexler et al. (24)
used the 97.5th percentile to report upper limits, and in this study,
the upper limit was reported to be 29.1 kg·m22 in rugby athletes,
25.5 kg·m22 in baseball athletes, and 28.4 kg·m22 across all
sports. Owing to an inadequate sample size, upper limits were not
computed for the remaining sports. Figure 1 depicts all FFMIAdj
values plotted against height in relation to the upper limit iden-
tified for the entire cohort.

Discussion

The purpose of this study was to provide sport-specific normative
FFMIAdj data in male collegiate athletes, to determine the pres-
ence of between-sport differences in FFMIAdj, and to identify the
upper limits of FFMI in this population. This study included the
most diverse sample of male collegiate athletes to date and
reported data in several sports for the first time. This investigation
also found significant differences in FFMIAdj between sports. In
addition, this study reported an estimation of the natural upper
limit for height-adjusted FFMI for all athletes in the cohort and
well-represented sports. Finally, the results of this study suggest
that further height correction of FFMI data through linear re-
gression may be necessary to account for the effect of increasing
body thickness on relative muscularity, as significant differences
(p , 0.001) were reported between unadjusted and height-
adjusted values. Thus, any direct comparisons between the ad-
justed data reported by this study and previously reported un-
adjusted data must be made with caution.

Fat-free mass index has been shown to effectively distinguish
between playing position (24), level of competition (24), and type
of sport (17). Previous investigations (22,24) have suggested that
normative FFMI data can be used to inform recruiting decisions
and playing position assignments, guide training and nutritional
practices, and predict future athletic achievement. As hypothe-
sized, significant (p, 0.05) differences in FFMIAdj were identified
between several sports in the sample (Table 2). Rugby athletes
had significantly higher (p , 0.05) FFMIAdj values than athletes

Table 2

FFMIAdj values in male collegiate athletes.*

Sport N Average FFMIAdj (kg·m
22) FFMIAdj (kg·m

22) CI

Baseball 41 22.15 6 1.61†‡§ 21.64–22.66

Cross country 6 18.73 6 1.03║ 17.65–19.81

Football 29 24.94 6 2.42 24.02–25.86

Golf 2 21.19 6 1.50║ 7.71–34.67

Ice hockey 3 22.57 6 1.86║ 19.15–25.99

Weightlifting 14 23.41 6 2.86 21.76–25.06

Rugby 54 24.28 6 2.39 23.6–24.9

Swimming 36 20.94 6 1.61†‡ 20.40–21.48

Track and field 12 22.44 6 3.74 20.06–24.82

Water polo 12 20.68 6 3.56† 18.42–22.94

All sports 209 22.79 6 2.80

*FFMIAdj 5 height-adjusted fat-free mass index; CI 5 confidence interval; ANOVA 5 analysis of

variance.

†Significantly different from football (p , 0.05).

‡Significantly different from rugby (p , 0.05).

§Significantly different from swimming (p , 0.05).

║Sport was not included in ANOVA because of insufficient sample size.

Table 3

FFMIAdj percentiles in male collegiate athletes.*

Sport

Percentile

25th 50th 75th

Baseball 21.3 22.1 23.3

Football 23.6 24.9 27.1

Weightlifting 20.4 23.5 26.1

Rugby 22.5 24.0 25.9

Swimming 19.9 21.1 22.1

Track and field 19.9 22.1 24.7

Water polo 18.9 20.6 24.3

All sports 21.1 22.8 24.5

*FFMIAdj 5 height-adjusted fat-free mass index.
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competing in baseball and swimming. Similarly, mean height-
adjusted FFMI values in football players were found to be sig-
nificantly higher (p , 0.05) than baseball, swimming, and water
polo. These results are not surprising, given the physiological
demands of rugby and football that favor increased body size and
lean mass accretion (4,25), and agree with the previous literature
indicating between-sport body composition differences (7,17).
The between-sport differences found in the present investigation
are similar to those reported by Santos et al. (17), who observed
higher FFMI values in rugby athletes relative to triathletes, bas-
ketball players, and swimmers. However, comparisons between
the results of the current study and those reported by Santos et al.
must be made with caution because the researchers did not use
height correction and did not adjust for multiple comparisons
when analyzing between-sport differences. In addition, the per-
centiles reported by Santos et al. were calculated using a Bayesian
estimation technique because of a limited number of athletes in
several sports.

The normative height-corrected FFMI data for several sports in
the present sample are in accordance with sport-specific FFMI
data reported by earlier investigations, although differences in
height correction methods make direct comparisons challenging.
For example, Trexler et al. (24) reported that the average FFMIAdj
in NCAA Division I and Division II football players was 24.1 6
2.0 kg·m22 and 23.1 6 2.0 kg·m22, respectively, whereas the
NCAA Division II football players in this study were found to
have an FFMIAdj of 24.96 2.4 kg·m22. Similarly, Loenneke et al.
(12) reported a mean unadjusted FFMI of 21.1 6 1.6 kg·m22 in
collegiate baseball players, whereas the NCAA Division II base-
ball players in this studywere found to have an FFMIAdj of 22.26
1.6 kg·m22. A potential reason for these differences is the use, or
lack thereof, of height-adjusted FFMI values in the Loenneke’s
article. To this point, Trexler et al. (24) used a similar height
correction approach as the present investigation, whereas Loen-
neke et al. (12) did not report height-adjusted FFMI data. Finally,
differences in sport-specific FFMI between this study and those
reported by earlier investigations may be explained by differences
in the positional makeup of the athletes in the sample. For

example, if a high percentage of the football athletes recruited in
the present sample were offensive or defensive linemen, the av-
erage FFMI data would likely be elevated compared to a sample
with fewer linemen (24). Although FFMI data were not collected,
Fields et al. (7) demonstrated the importance of position-specific
data. In male swimmers, Fields et al. (7) reported similar overall
BF percentage (14.2 6 3.5%) and FM (11.1 6 3.1 kg) to swim-
mers in the present investigation (13.26 3.8%and 10.96 4.1 kg,
respectively). However, among their male swimmers, Fields et al.
(7) reported significant differences in both BF percentage and FM
between sprinters and distance swimmers, exhibiting the varia-
tion that can be present within a single sport.

The determination of appropriate sport-specific upper limits of
FFMIAdj allows practitioners to establish and track lean mass
accretion goals (24). This study reported the upper limit (97.5th
percentile) of height-adjusted FFMI to be 28.4 kg·m22 across all
sports in the sample. In addition, the naturally attainable upper
limits for several well-represented sports (n. 40) were calculated
and were found to be 29.1 kg·m22 for rugby athletes and 25.5
kg·m22 for baseball athletes. These results are in accordance with
earlier investigations, as Kouri et al. (10) reported an upper limit
of 25 kg·m22 in male athletes free from steroid use, and Trexler
et al. (24) reported an upper limit of 28.1 kg·m22 in NCAA Di-
vision I and NCAADivision II collegiate football players, with an
upper limit of 28.8 kg·m22 in the NCAA Division I football
players. The results of this study suggest that similar upper limits
of relative muscularity exist between NCAA Division I football
players and collegiate rugby players, as well as between NCAA
Division II baseball players and the male resistance-trained ath-
letes recruited by Kouri et al. (10). It is reasonable for rugby
athletes to have such a high FFMIAdj average and upper limit
because of the high power to body mass ratio and the level of lean
mass favored by the sport (4,5). Figure 1 provides an overview of
all subjects’ FFMIAdj values in relation to the 28.4 kg·m22 upper
limit proposed in this study and indicates that few subjects were
above this threshold.

The FFMIAdj data reported in this study may differ from pre-
vious investigations for numerous reasons. First, the method of

Figure 1. Scatterplot of FFMIAdj and height in male collegiate athletes. FFMIAdj5 height-adjusted fat-free mass index
(kg·m22). Dashed line represents the 97.5th percentile (28.3 kg·m22).
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body compositionmeasurement is not consistent between studies.
In contrast to this study, which used a single DEXA unit for all
assessments and analyses, several previous investigations have
used various measures of body composition such as skinfold
measurements (10) and bioelectrical impedance (12). Further-
more, Loenneke et al. (12) demonstrated that bioelectrical im-
pedance analysis significantly underestimated athletes’ FFMI
compared with DEXA. Similarly, data collected with air pleth-
ysmography may underestimate FFM in larger individuals and
overestimate FFM in smaller individuals (8). In addition, differ-
ences between DEXA units and between correction factors, such
as the TBAR 1209 (Pre-NHANES) correction factor used in the
present investigation, may further amplify disparities between
data sets.Moreover, changes in pretesting procedures such as diet
or exercise can impact DEXA results (15). Finally, variations may
also be caused by a smaller sample size and if studies measure
body composition at different times of athletes’ competitive
season.

This investigation has many strengths in contrast to the current
body of the FFMI literature. First, a single DEXA unit was used to
measure body composition in all subjects, thus minimizing the
potential between-instrument error. Moreover, identical pretest-
ing requirements and analysis approaches were used for all
assessments. Second, several efforts were made to control for
numerous variables that could impact DEXA results, such as diet,
exercise, and the hour at which scans were completed. Third, this
investigation encompasses the most diverse sample of FFMIAdj
data in male collegiate athletes. Finally, these data were further
corrected for height with linear regression, a change that was
shown to be necessary in this population. Despite this study’s
strengths, it also has limitations that must be discussed. First,
some of the included sports had a relatively small sample size,
such as cross country running (n5 6), ice hockey (n5 3), and golf
(n 5 2). Consequently, these sports were not considered for
between-sport comparisons and only had their descriptive data
reported. Second, playing position and academic age data were
not collected. Owing to the vast range of muscularity between
positionswithin one sport, such as between forwards and backs in
rugby or between throwers and sprinters in track and field,
practitioners will be able to better apply these results if position-
specific FFMI data were available, which the recent literature has
demonstrated (7,24). Similarly, although all athletes in the sample
were subject to random drug testing during the data collection
period, anabolic-androgenic steroid use was not screened in the
present investigation. Finally, although subjects were instructed
to be hydrated, fasted, and abstained from exercise before
reporting to the laboratory, no quantitative measurements were
collected to confirm these criteria were met.

Practical Applications

The findings of this study suggest that the upper limits of FFMI
are higher than those previously reported in male collegiate
athletes and support the utility of FFMI to distinguish between
athletes competing in different sports. The present in-
vestigation determined the naturally attainable upper limit of
FFMI for a wide variety of male collegiate athletes and pro-
vided several sport-specific upper limits in well-represented
sports. This information can be used by coaches and trainers
to determine an athlete’s potential for further FFM accretion,
establish body composition and training goals, and direct
appropriate training and nutritional regimens. Furthermore,

the normative FFMI data provided by this investigation can be
used to evaluate an athlete’s relative muscularity compared
with collegiate level athletes in this particular sport, thus
providing coaches with greater insight into potential athlete
recruitment and personnel decisions.
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