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Abstract: We calculated fat-free mass index (FFMI) in a sample of 157 male
athletes, comprising 83 users of anabolic—androgenic steroids and 74 nonusers.
FFMI is defined by the formula (fat-free body mass in kg) X (height in
meters) " 2. We then added a slight correction of 6.3 X (1.80 m — height) to
normalize these values to the height of a 1.8-m man. The normalized FFMI
values of athletes who had not used steroids extended up to a well-defined limit
of 25.0. Similarly, a sample of 20 Mr. America winners from the presteroid era
(1939-1959), for whom we estimated the normalized FFMI, had a mean FFMI
of 25.4. By contrast, the FFMI of many of the steroid users in our sample easily
exceeded 25.0, and that of some even exceeded 30. Thus, although these
findings must be regarded as preliminary, it appears that FFMI may represent
a useful initial measure to screen for possible steroid abuse, especially in
athletic, medical, or forensic situations in which individuals may attempt to
deny such behavior. Key Words: Substance abuse—Lean body mass—

Athletes. Clin J Sport Med 1995;5(4):223-8.

Anabolic-androgenic steroids (hereafter abbrevi-
ated as ‘‘steroids’’) are widely abused in the United
States by individuals, primarily men, who seek to
gain muscle mass for athletic or even cosmetic pur-
poses (1,16). Although some early placebo-
controlled studies of steroids in athletes questioned
their effectiveness, these studies appear to have had
important methodological flaws (7,15); it is now
widely acknowledged that markedly supraphysio-
logic doses of steroids can increase muscle mass
and strength, often well beyond the upper limits
usually imposed by nature (6,7,15).

Over the past 8 years, in the course of a series of
studies of steroid users, we have become impressed
that there is a well-defined upper limit of muscular-
ity that athletes can attain without drugs. In this
article we have attempted to operationalize this im-
pression and to develop a simple method by which
a clinician or sports official can assess whether an
athlete’s muscularity is within the naturally attain-
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able range or is beyond that which could reasonably
be expected without pharmacological assistance.

METHODS

One hundred fifty-six men in a large controlled
study of athletes, recruited at gymnasiums in the
Boston and Los Angeles areas, were administered
physical examinations as part of a larger study (14).
These physical examinations included determina-
tions of height, body weight, and body fat, the latter
computed from the sum of six skinfold measure-
ments using an equation derived from the data of
Jackson and Pollock (9; and Jackson AS, personal
communication, February 1994). Specifically, if x,
is the sum of six skinfolds (chest, thigh, ilium, ab-
domen, triceps, and scapula) and x, is the athlete’s
age, body fat is computed as follows:

% body fat = 0.217x, — 0.00029x,
+ 0.133x, — 5.73

Each athlete’s history of steroid use was obtained
by detailed personal interview, supplemented by
urine testing. These data were presented in detail
previously (14). Briefly, no evidence suggested that
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any athlete had deliberately misrepresented his ste-
roid use, nor did any urine test contradict an ath-
lete’s verbal report. Although interview data and
urine test results were available for all of the 156
subjects, complete skinfold measurements were not
performed in 22 subjects, leaving 134 evaluable in-
dividuals.

To this sample we added data from 23 additional
men recruited for a placebo-controlled, double-
blind study of testosterone cypionate in normal
men, which is presently in progress. These subjects
included five men who had formerly used anabolic
steroids and 18 who had not. Urine tests again were
consistent with verbal history for all subjects.
Height, weight, and body fat data for these 23 indi-
viduals, computed as described above, were pooled
with the 134 evaluable subjects from the earlier
study to produce a total sample of 157 individuals.
Of these, 74 (47%) had never used steroids (hence-
forth called ‘‘nonusers’’) and 83 (53%) had used ste-
roids (‘‘users’’). Fifty-two of the users (67% of the
user group) had used steroids within the previous
year.

The nonusers included many dedicated body-
builders. Several had competed successfully in
“‘natural’’ bodybuilding contests, two held world
records in strength events, and many others were
recognized by their associates as highly successful
weightlifters. Thus, the nonuser group probably in-
cluded individuals who closely approached the
maximum limits of muscularity that could be at-
tained without drugs.

After calculating percentage body fat for all of the
subjects, fat-free mass was calculated using the fol-
lowing formula:

fat-free mass = body weight X [1 — (% body fat
+ 100)]

FFMI was then calculated as follows:
FFMI = fat-free mass X height =2

where weight was measured in kilograms and height
in meters (18).

RESULTS

Table 1 compares data on the 83 users with those
on the 74 nonusers. Height and percentage body fat

TABLE 1. Physiological characteristics of steroid users
versus nonusers

Steroid users Nonusers
(n = 83) (n = 74)
Height (m) 1.79 = 0.075 1.80 = 0.074
Weight (kg)* 91.69 = 11.8 82.06 + 13.0
% Body fat 12.8 = 4.8 125 £ 5.5
FFMI 24.8 £2.2 218+ 1.8

Values are means *+ SD,
“p < 0.0001 by two-tailed ¢ test.
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did not differ significantly between the two groups,
but weight and FFMI of the steroid group were dra-
matically higher (p < 0.0001 for both comparisons
by two-tailed ¢ test). This difference is even more
impressive when it is considered that about a third
of the steroid users had not taken steroids within
the past year and thus probably had fallen back
from their maximum FFMI values at the time of
their earlier use.

Figure 1 shows a plot of FFMI versus height in
meters for all of the subjects in the study. The non-
users extended upward to a well-defined limit,
shown as a diagonal line in the figure; many nonus-
ers were just below this line, but none exceeded it.
On the other hand, users extended well beyond the
line, with 37 (45%) of the users attaining levels of
FFMI beyond the uppermost of the nonusers.

The *‘cutoff’” line has a positive rather than a
zero slope in the figure, perhaps because the factor
of height =2 in the FFMI calculation does not fully
account for the fact that human beings are three-
dimensional rather than two-dimensional objects.
In other words, the tallest athletes were not only
taller, but also wider and thicker than the shorter
athletes of apparently comparable muscularity;
thus, the tallest athletes scored somewhat higher on
the FFMI calculation. Qur clinical impressions sup-
ported this speculation. During the preparation of
this article, we called in the shortest nonuser (height
1.59 m) and one of the tallest nonusers (height 1.93
m) and remeasured both of them. The shortest ath-
lete displayed an FFMI (without normalization) of
23.5, whereas the tall one scored 25.4. However, on
visual inspection, the short athlete appeared more
muscular than did the tall one.

To generate an approximate correction for this
apparent effect of height, we calculated the slope of
a regression line drawn through a plot of all the
‘‘elite’’ nonuser athletes with FFMI scores of 22 or
above. (We limited the regression calculation to this
subgroup because we felt that the distribution of the
elite group would more closely reflect the dictates
of physiology and not be confounded by lack of
achievement, as in the less muscular subjects.) This
calculation yielded a slope of 6.1 kg/m°. We then
used this value to calculate a ‘‘normalized’’ FFMI,
in which the FFMI was normalized to that of a
1.8-m athlete (the mean height of the nonusers):

Normalized FFMI = FFMI + 6.1 X (1.8 — h)

where h is height in meters.

Using the normalized FFMI, we obtained the plot
shown in Fig. 2. Again, it can be seen that the no-
nusers ‘‘stop’’ abruptly at a maximum value of 25.0,
whereas many users extend well beyond this limit.

To further test the limits of FFMI in nonusers, we
obtained the heights, weights, and ages, at the time
of competition, of all Mr. America winners from
1939 to 1959 (21). Because anabolic steroids were
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FIG. 1. FFMI versus height in
meters for 74 nonusers and 83 us-
ers of anabolic-androgenic ste-

roids.

not available in gymnasiums during this era (Todd
T, personal communication, July 1994), these ath-
letes likely represented the maximum FFMI attain-
able without drugs. The second author (H.G.P.) es-
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timated the body fat of each athlete from contem-
poraneous photographs in bodybuilding magazines
of the era (17,22), averaging the estimates from sev-
eral photographs of each athlete. [Dr. Pope based

FIG. 2. FFMI, normalized to the
height of a 1.8-m man in 74 nonus-
ers of anabolic steroids and 83 us-
ers of anabolic steroids. Each cir-
cle represents one individual.
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these estimates on having performed actual body fat
measurements with calipers on >200 men in the
course of previous studies, thus giving him substan-
tial experience in estimating fat from a subject’s
appearance (14).] The athlete’s face and written
identifying information were obscured during this
exercise to render all estimates blind (these maga-
zines were kindly supplied by Dr. Terry Todd, Aus-
tin, TX, July 1994). Adequate photographs could
not be found for two of the Mr. America winners
(Park, 1952; and Schaefer, 1956). The estimated
normalized FFMIs for the other 20 athletes are
shown in Table 2 and charted on the left-hand side
of Fig. 3. It will be seen that the presteroid Mr.
America winners displayed a mean (= SD) normal-
ized FFMI of 25.4 + 1.5, with only three having
values of >27.0.

For comparison, we obtained the heights and
weights of 33 modern competitive bodybuilders
from ~60 monthly issues of various popular body-
building magazines that had appeared between 1989
and 1994 (8,10,11,19). We included all men for
whom we could find these values, except for those
who had competed in ‘‘light weight’’ or other
classes in which weight was intentionally limited. A
recent article in one bodybuilding magazine speci-
fied that modern high-ranking competitive body-
builders displayed body fat levels of 4-6% (20);
therefore, we used 5% in our calculations. The es-
timated FFMIs from the 33 modern bodybuilders
are shown on the right-hand side in Fig. 3. In com-
paring the two sides of this figure, it must be re-
membered that many of the modern bodybuilders
had not even won a national contest like the Mr.
America competition, and some had not even

TABLE 2. Estimated normalized FFMIs of Mr.
America Winners, 1939-1959

Year Name Normal FFMI
1939 Goodrich 24.3
1939 Essmaker 22.6
1940 Grimek 24.0
1941 Grimek 26.9
1942 Leeight 25.5
1943 Bacon 23.9
1944 Stanko 27.3
1945 Ross 26.1
1946 Stephan 25.9
1947 Reeves 23.0
1948 Eiferman 27.7
1949 Delinger 28.0
1950 Farbotnik 26.5
1951 Hilligenn 26.0
1952 Park NA
1953 Pearl 25.8
1954 Dubois 25.4
1955 Klisanin 23.5
1956 Schaeffer NA
1957 Lacy 25.2
1958 Sansone 26.8
1959 Johnson 24.6
Mean = SD 254+ 1.5
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ranked among the top 10 contenders in the contests
described in the magazines.

DISCUSSION

In an examination of 157 athletes, comprising 83
steroid users and 74 nonusers, we calculated nor-
malized FFMI using height, weight, and body fat
based on skinfold measurements. With this simple
measurement, we found that athletes who had not
used steroids all had values of <25.0, whereas a
large proportion of steroid-using athletes easily ex-
ceeded this limit. Even Mr. America winners from
the presteroid era (1939-1959) displayed a mean es-
timated normalized FFMI of 25.4. These results
suggest that the measurement of normalized FFMI
may represent a useful screening method to differ-
entiate natural from steroid-using individuals.

These findings must be regarded as preliminary
and subject to several possible methodologic limi-
tations. First, it is conceivable that some self-
described nonusers in our sample might have actu-
ally used steroids. However, athletes were re-
cruited under circumstances for which they had no
particular motivation to lie about steroid use nor
anything to gain by doing so (14). Furthermore, all
74 nonusers produced urine samples negative for
steroids. Finally, even if an occasional self-
described nonuser had in fact used steroids, this
phenomenon would not affect our estimate of a
maximum FFMI in the region of 25 because many
nonusers clustered just below 25, and it is impossi-
ble that all of the individuals in this cluster were
lying. By contrast, if we had found one or two iso-
lated nonusers with an FFMI far above 25, the pos-
sibility of deception would have to be entertained
carefully, but this was not the case.

Second, our sample size of 74 nonusers might not
have been large enough to exhibit fully the upper
limits of muscularity naturally attainable. However,
our examination of Mr. America winners from the
presteroid era helps to address this issue because
the sample from which these men were drawn rep-
resents the entire U.S. population of bodybuilders
from 1939 to 1959. It is impressive that even the Mr.
America winners displayed a mean normalized
FFMI of 25.4, with only three men over a 20-year
span exceeding 27. Thus, it appears that rare indi-
viduals, perhaps with some genetic or congenital
anomalies, may attain an FFMI in excess of 25
without steroids, but this level could be achieved by
only a few nonsteroid users in the entire United
States.

Of course, it might be argued that the dramati-
cally increased FFMIs of modern bodybuilders,
such as those depicted on the right side of Fig. 3,
are due to gradual improvements over the years in
training and nutrition, rather than to steroid use.
Although we cannot exclude this possibility, it is of
note that there was no significant trend toward in-
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creased FFMI among the Mr. America winners
over a 20-year span from 1939 to 1959 (slope =
0.044 FFMI units/yr; p = 0.44 by regression anal-
ysis), even though knowledge about nutrition and
training presumably improved over this period.

Third, our calculations of body fat are based on
skinfold measurements taken by a single investiga-
tor (H.G.P.), and our calculations for the Mr.
America winners are based on body fat estimates
from blinded examination of several photographs of
the individual. These methods are certainly prone
to a degree of error. However, calculations from
skinfold measurements, using the above equation,
display a standard error of 3.4% of body fat (Jack-
son AS, personal communication, February 1994)
and thus are sufficiently accurate for our purposes.
For example, a 1.8-m, 90-kg (71-inch, 198-pound)
athlete, measured at 10% body fat would have a
normalized FFMI of 25.0. If this body fat measure-
ment were off by 3%, and true body fat were 13%,
the FFMI would still be 24.2, a difference of only
0.8 units. Thus, skinfold measurements with cali-
pers are probably adequate for our purposes and
have the advantage of simplicity and ease of use.
Estimates of body fat from photographs may be
subject to greater error, but still would have only a
modest effect on FFMI as just illustrated.

Fourth, our formula may not be satisfactory for
fat individuals. Because a gain in the fat component
of the body is consistently accompanied by some

gain in the lean component (5), it is possible that fat
individuals might be able to exceed substantially an
FFMI of 25 without steroids. Because our sample of
nonusers included only six men (8.1%) with body
fat levels of >20%, it is probably hazardous to gen-
eralize the findings to fat individuals.

Fifth, our formula may not apply to athletes who
use anabolic steroids in endurance sports. Runners,
for example, who have surreptitiously used steroids
may not develop the substantial muscle mass of the
weightlifting athletes studied in the present investi-
gation. Thus, the formula proposed here may not be
as useful for detecting surreptitious steroid use in
endurance athletes as it is in athletes involved in
resistance-type activities.

In short, although additional data are needed, the
normalized FFMI measure derived in this article
may represent a useful screening method to assess
for steroid abuse. Such a method may be important,
not only in the diagnosis of individuals suspected of
medical (7) and psychiatric (14,15) effects possibly
due to steroids, but perhaps even in forensic appli-
cations. Because steroids are controlled substances
in the United States (12) and may sometimes induce
violent criminal behavior (2—4,13), it is increasingly
important in certain circumstances to identify and
expose individuals who deny their steroid use. Ad-
mittedly, one cannot definitively diagnose steroid
use simply on the basis of the FFMI, much as one
cannot make a definitive diagnosis of alcohol intox-
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ication in a man who displays ataxia and dysarthria
upon getting out of his automobile. In the latter
case, however, the individual may be required for
forensic reasons to produce a breath or urine sam-
ple. Perhaps we could ultimately follow an analo-
gous procedure in forensic situations with individ-
uals displaying an abnormally elevated FFMI.
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