
Letter to the Editor

ARE SMALL (THOUGH STATISTICALLY
SIGNIFICANT) MEAN DIFFERENCES
PHYSIOLOGICALLY MEANINGFUL?

To the Editor:

The study by Wagner et al. (30) that compared measure-
ments by the BOD POD air displacement plethysmo-
graph (BP), hydrostatic weighing (HW), and dual energy
x-ray absorptiometry (DXA) deserves comment. We
strongly disagree with the authors’ suggestion that HW
is more accurate than BP because HW provided mea-
surements that were more similar to DXA. Researchers
disagree about whether DXA should be considered a
reference method for soft tissue measurement
(10,15,23,28), in part because DXA results differ widely
between (8,13,27), and within manufacturers (5,20,25),
and can depend upon tissue thickness (11,16). We rec-
ommend that future BP validation studies include alter-
native reference methods when possible, such as multi-
compartment models based on body density, water, and
bone mineral content (BMC) (such as studies by Collins
et al. (2) and Fields and Goran (6)), or elemental analysis
from in vivo neutron activation. This stated, it is impor-
tant to emphasize that an inherent limitation of nearly
all body composition “validation” studies is the lack of a
true reference method, because no currently available
technique can be regarded as the absolute standard
(short of chemical carcass analysis).

Wagner et al. (30) largely base their conclusion that
the BP is inaccurate on the “small but significant” mean
difference of 1.6%fat between BP and DXA, even though
other statistical criteria for good agreement between the
two methods were met. Furthermore, in contrast to their
findings, other adult studies have shown that BP mea-
sured slightly lower than DXA (20.1 to 23.0%fat)
(2,17,19,24), and one had mixed results (14) (at least one
of these (24) was published at the time of submission but
not cited by Wagner et al.). Moreover, studies compar-
ing BP and HW (including Wagner et al. (30)) have
reported mean differences ranging from24.0 to 2.2%
fat (1,2,4,7,9,17,30,31), including two that found nearly
identical means (18,19).

Within-day coefficients of variation (CV%) for re-
peated measurements for these methods have varied
between 2– 4%fat for both BP and HW in the same
individuals (9,18), and 2– 4%fat for DXA (5,10,26).
Thus, the mean differences between methods reported
by Wagner et al. (30) and others (1,2,4,7,9,14,17–
19,24,31) are clearly within measurement error. Be-

sides measurement error, inconsistent findings among
studies may further be attributed to varying labora-
tory techniques and equipment. For example, differ-
ent laboratories have different HW systems and tech-
niques, including various methods for measuring
residual lung volume (e.g., helium dilution, oxygen
dilution, nitrogen washout), different weighing de-
vices in water and on land, different protocols, etc.
Similarly, DXA results can differ by manufacturer
and software version (29). The possibility that differ-
ent BOD PODs may also vary cannot be disregarded.
Without a multisite comparison study, it is difficult to
ascertain specifically how interlaboratory differences
might have contributed to the discrepant findings
among studies. Given the methodological variation
among laboratories, differing subject populations,
and expected within-method repeat abilities docu-
mented above, the physiological importance of rela-
tively small mean differences between methods should
be carefully contemplated, regardless of statistical
significance.

One other point we wish to address is the measure-
ment of thoracic gas volume (VTG) by the BP. Wagner et
al. (30) suggest that BP-VTG measurements may be too
high and that one way to check this would be for the
manufacturer to reprogram the BP so that VTG could be
measured at the end of a normal exhalation (i.e., at
functional residual capacity, FRC) rather than at mid-
exhalation, which would allow for a comparison between
BP-VTG (if at FRC) and dilution-FRC. In fact, plethys-
mographic- and dilution-measured FRC would not nec-
essarily agree because dilution gases would not exchange
with any trapped gas within the thorax or abdomen,
resulting in an underestimate of FRC (12,22). For this
reason, plethysmographic determination of VTG should
be regarded as the method of choice for measuring lung
volumes in healthy and diseased individuals (3,12,21).
We suggest that one alternative method for validating
BP-VTG would be to compare it with VTG measured by
standard pulmonary plethysmography with corrections
for tidal volume.

Finally, we agree with the conclusion by Wagner et al.
(30) that more research is necessary before the BOD
POD is accepted as a densitometric reference method;
however, we do not agree that a 1.6%fat significant
difference between methods is physiologically meaning-
ful. Given that there are interindividual and interstudy
differences between methods, we hope that future re-
search will be directed at investigating underlying rea-
sons for these differences so that appropriate steps to-
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ward improving the BOD POD as well as other methods
can be made.
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RESPONSE

We agree with many of the comments provided by McCrory
et al., such as there is a “lack of a true reference method” and
“no currently available technique can be regarded as the
absolute standard.” However, we stand by our decision to
use dual-energy x-ray absorptiometry (DXA) as the refer-
ence measure in our study (12) and disagree with their
recommendation that “future Bod Pod (BP) validation stud-
ies include alternative reference methods when possible,
such as multicomponent (4-C) models based on body den-
sity, water, and bone mineral content (BMC)”. Although
4-C models are generally recognized as the preferred refer-
ence method in body composition research, its use is not
appropriate in validating the BP. Because a multicomponent
model includes a measure of body density (Db), it will be
biased toward whichever method—BP or hydrostatic
weighing (HW)—that was used to obtain the Db measure-
ment included in the 4-C formula.

Although there continues to be some debate over the use
of DXA as a reference measure for estimating relative body
fat (%BF), investigators comparing different reference
methods to 4-C models have found DXA to be a better
predictor of mean %BF than HW, total body water, or
potassium-40 measurements (3,4,9,11). Three of these stud-
ies reported mean differences in %BF ranging from only
20.4% to 0.4% between DXA and 4-C models (3,9,11),
whereas Fuller et al. (4) reported a 1.3% difference that was
still not significant. Given that 1) a 4-C model would be
biased toward the method used to obtain Db, 2) DXA
provides %BF estimates independent of body density, and
3) past research supports the use of DXA as an alternative
reference measure, we believe that DXA was the most
appropriate reference method for this study.

Numerous recent studies using the BP have been pub-
lished in the time span between the original submission of
our manuscript (12) and its publication. McCrory et al.
stated that there were small mean differences in %BF be-
tween BP and DXA in these investigations. However, it
should be noted that in at least four studies (1,5,6,10) small
differences in %BF between BP and DXA were “statisti-

cally significant”. Furthermore, two of these studies (1,6)
reported good agreement between HW and DXA, but “sta-
tistically significant” differences between BP and DXA—
just like our study (12).

We do not dispute that the BP met most of our validation
criteria, and the mean difference in %BF of 1.6% between
BP and DXA was small. Are small, but “statistically sig-
nificant” differences “physiologically significant?” That
question may best be answered by the readers (researchers)
based on the level of accuracy that they desire in their work.
Should there be more stringent validation criteria for a
“reference method” (the intended use of the BP) than a
“field method?” McCrory et al. stated that the mean differ-
ences in %BF in studies comparing BP and HW ranged from
24.0% to 2.2%. It should be noted that theorized total error
(biological plus technical) of %BF using the common “field
method” of measuring skin-fold thickness is 3.3% (7).

The BP is a wonderful addition to the field of body
composition. Due to the rapidity and ease of testing for both
the subject and technician, and the low maintenance of the
BP, we believe it can be a valuable tool to “estimate” %BF.
Additionally, there is some evidence that it has better reli-
ability than HW (2,8). But multiple reports of “statistically
significant” differences between the BP and other methods
raise concern about its acceptability as a “reference”
method. Ultimately, we stand by our decision to use DXA as
the reference measure in this particular study, and our find-
ings that 1) the BP and HW were significantly different and
2) there was better agreement between HW and DXA than
between the BP and DXA (12). Our conclusion that more
research is needed before the BP can be accepted as a
“reference” method is also supported by McCrory et al.
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