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ABSTRACT. Anderson, D.E. Reliahility of air displacement pleth-
ysmography. J. Stretiglh Cotid. Res. 21(11:169-172. 2007.—The
ptirpose of this study was to examine the reliability of an air
displacement plethysmography device (BOD POD) over trials
perfbrmed on 3 different days. Subjects consisted of 24 healthy
adults (8 men, 16 women), ages 18-38 years, with body weights
46.8-93.6 fig, hody mass indexes of 19.1-30.1 kg m ', and per-
centage hody fats (BF) of 7.9-43.17,.. Two estimates of BF were
performed on 3 days. Paired Ntests revealed no significant with-
in-day differences in body vofume (BV), thoracic gas volume
(V,.,,), hody density (BD), and BF. Correlations hetween the two
V|.,; meastires on a day were r — 0.86 for day 1, /- — 0.93 fot- day
2, and /- 0,96 fbr day 3. BF estimates within a day had high
correfatioiis of r =̂ 0.98. Significant differences were fbund he-
tween days fbr measures of BV, V,,;, BD, and BF. These results
indicate a high reliahility fbr within-day estimates of BF and
significatit differences in fietween-day estimates of BF' using air
displacement plethysmography. Reliahility of BF may he in-
creased by requiring subjects to practice the procedure fbr V,,;
measurement.
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INTRODUCTION

ir displacement plethysmography (ADP) and
the BOD POD Body Composition'System (Life
Measurement Inc, Concord, CA) for measur-
ing hody volume have hecome more availahle.
It is a quick and easy system that can he used

with a wide range of subjects, A number of studies have
heen conducted that include reliability measurements for
trials performed on a given day (2, 3, 7, 10, 11), Otber
investigators (5, 8, 11, 13) have examined reliahility over
trials performed on more than 1 day, however the numher
of suhjects used in most of these studies (8, 11, 13) has
been unknown or relatively small, Tbe purpose of this
project was to examine the reliahility of an ADP device,
the BOD POD, over trials performed on 3 different days
using a larger subject pool.

METHODS

Experimental Approach to the Prohlem

Tbe present study was designed to investigate the reli-
ahility of an ADP device, the BOD POD, over trials per-
formed on more than 1 day. Two estimates of percentage
fat were performed on each testing day in order to assess
reliahility on a single day. To examine the reliahility of
estimates performed on more than 1 day, these trials
were repeated on 2 additional days with the first and last
trials heing at most 7 days apart,

Suhjects

Twenty-four healthy adults were recruited to serve as
subjects. The training activities of the suhjects varied
widely, ranging from no physical activity to activities

s u c h a s d i s t a n c e r u t i t i i t i g a t i d s t t c t i g t l i t t - a i t i i t i g . T h e i i -
s u m m a r y d a t a ( m e a n + SD) at-c p t - e s e t i t c d in T a b l e 1,
P r i o r t o t b e o n s e t of t b i s i t i v e s t i g a t i o t i , eac-Ji s u b j e c t w a s
i n f b r m e d v e r b a l l y a n d iti v\-t-ifjtig of t b e p t t r p o s e , t i i e t b o d s ,
a n d p o s s i b l e r i s k s a s s o c i a t e d w i t h t h e s t t t d y a t i d s i g n e d
a n i n s t i t u t i o n a l l y a p p r o v e d i t i f o r t i i e d ( -o t i s en t .

Procedure,s

Each suhject reported lot- testitig oti 3 days within a 3- to
7-day period atid completed 2 cst i tuates of body compo-
sition, using ADP on eacb day. 'festing was cotiducted
according to the matittfacf ttret-s t-e(-otiimetidations, the
details of which are pri>s(Mited elsewhet-e (2, (i, 10). Stih-
jects were instructed not to liav(> exet-cised ot- to have eat-
en for 3—4 hours prior to each testitig sessioti; however,
minimal water consumptioti was allowed. U|)on arrival at
the lahoratory, stihjects w-et-e asked to void tbe bladder
before tbe first measureni(>iits w-et-e taken. Clothing con-
sisted of ei ther a lightweight switiisttit ot- spandex shorts
and a nonpadded sports ht-a. A tight-fitting acrylic swim
cap was worn also. S tanding heigbt was tneasttt-ed to the
neares t 0,1 cm using a stadiometet-. Sttbjects then were
weighed to the nearest 0.01 kg. Ati average of 2 uncor-
rected hody volume tneasuretueti ts (if tiieasttrements
were within 150 ml of each othet-) was ttsed fbt- calctila-
tions of hody volume (BV) atid hody detisit\' (HD).

Thoracic gas volttme (V,,;) was theti tiieasttred duritig
normal tidal hrea th ing into a ttthe cotitiected to the ADP,
McCrory et al. (10) found no diff(M-etice between measured
and predicted V,.,; in adttlts, tbtts a predicted valtte was
used for subjects who could tiot satisfactorily perfbrm the
procedure after 3 at tempfs dtttitig the first tt-ial. For
those subjects wbo wet-e titiable to pet-form fhe procedttre
after 3 a t t empts and had at least I (it-eviottsly sttccessftil
a t tempt , a V,.,; from a previotts tt-ial was etitered. The
uncorrected BV was adjttsted for V,.,; atid was ttsed to de-
termine actual BV. BF theti was calcttlated ttsing the
equation of Siri (15). All testitig sessiotis were conducted
hy the same technician.

Statistical Analyses

All values presented are nieati Pait-ed /-tests were
performed using JMP 5.5.1 (SAS Itistitttte Inc., Helmont,
C,A) to assess within-day diffet-etices of vat-iables. Paired
^-tests also were used to examitie hetweeii-day differences
hy analyzing the lowest atid higbest obtaitied values of
the 6 trials for a given m(>asttt-e. Statistical significance
was set a t p •-- 0.5. Ititt-aclass (-ot-t-elatioti coefficients
(ICC) were determined fbt- tt-ials pet-fbt-tned oti a giveti
day using SPSS (version f 1.0.4; SPSS, Inc., Chicago, I D ,
and the 95'/, confidence ititet-vals (Cl) were determined
for each ICC (12). To allow fot- cottipat-isoti with other pub-
lished data, the precision fbt- tii(-asttretiietits oti a giveti
day the technical error of tiieasttt-etiietit iTFM) was cal-
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TAHI.K 1. Subject characteristics.-^ TA}!I.K 6. Lowest and highest values measured over 6 trials.^

.\g'e(y) Weight (kg) Height (cm) BMI (kg-m i

Men 22 9 6.6 ITli.li ' 4.9 76.9 - 12.5 24.7 - 3.5
ltl 81 -18 :!8i I (i 1.1-93.61 (170.0-187.0) (19.9-30. b

Wotneii 20 0 1.2 I(i(i.2 ' 7.6 65.6 .'_ 8.6 23.7 * 2.8
ltl Hi) i l 8 22i I 16.8-79.71 ( 155.,5-182,0) (19 ,0 -30 .b

\ alties [)t'esented are mean ' .SD it'angel. BMI hody mass
ind(-x.

c t i l a t ed a s 1d'/'2tt ( w h e r e d is t h e d i f fe rence b e t w e e n m e a -
s t i r c n i e n f s a n d /( is t h e n u m b e r of s u b j e c t s ) .

RESULTS

Wifhin-day differences in BV are presented in Tabl(> 2,
Tbere were no significant differenc(>s between genders for
HV. No significatif dilVert-nt differences were found be-
tween trials on a given day.

The V|i; was signilicantly lower for women than for
tiKMi on day.s 2 and .3, as can be seen in Table 3. However,
no diiferences were fotmd between trials on a given day
for V,,;.

I5()dy density was significantly lower for women fhan
for men, as can be seen in Tabli' 4, No differences were
fotmd befween trials on tbe satne day for BD, BE was
significantly bigber for tbe women than for the men, as
can be found in Table 5, There were no differences be-
tween ati\' of the ti'ials on fhe sarne dav for BF,

Lowest Highest

H V ( L l
\',,;(L
HDikg-L ')
HE ('- )

63.726 •
.3.-1 •

1.040 -
22.9 '

10.427
0.7
0.018
8.4

64.523
4.0

1,047
25.8

• 10.466 V
• 0.8';'
' 0.019':'
• 8.1';'

'' \'alues presented are mean ' SI). Two trials were perlbrnied
on each of 3 days. I5V hody \'olnme; V',,; thoracic gas voltime;
HI) hody density; f?E hody fat.

;' Significant difference from lowest value.

Paired /-tests were used to assess betweeti-day differ-
ences by analyzing tbe lowest and bighest obtained yal-
ties ofthe 6 trials for a given measure. As seeti in Table
6, significant differences were found between days foi-
measures of BV, V,,,, BD, and BE.

Tbe KX^s between trials performed on a given day and
between the lowest and highest values measured over the
6 trials are presented in Table 7. Correlations for BV were
high on each day (;• = 1,00), The two V,,; measures on the
firsf day of testing had the lowest correlation (/• - 0,86),
however, correlations were higher oti the secotid (/'
0.93 1 and third (/• - 0,96) testing sessions. Correlations
between trials performed on the same day were high (/•

0,97-0.98) for BD, BE estimates within a day had high
correlations (/• = 0,98).

Betw(>en-dav SD and coefficient of variation (CV) also

l.K 2. Body \'oltime i mean ' .S7>i \alties for 2 trials performed on each of 3 days.

Day 1 Day 2

•friai A

Dav 3
Trial B Trial A 'frial B Trial A Trial 1!

,Meti (/)
Women(
All i,V

8l
//

2-11
Kil

(19
(il
(i4

9:i(i
207
1 Ki

1 1.706 69.991 i 11.768
8.610 61.246 = 8.589
10.379 (S4.161 - 10.392

6 9 .
61.
(i4.

18.5 '
,345 '
158 '

11.8r),'!
8.81 1
10.484

69.71
61.31
64.1 1

1 •

7 '
5 •

11.
8.9
10.

867
i l l

535

69
61
64

.986

.217
,139

11,603 69.966 • 1 1.566
8.686 61.150 ' 8.7(-18
10.393 64.089 ' 10.4.34

TAISI.K ;!. Thoracic gas \'ohime (mean ' SD) values for 2 tr ials [)erformed on each of ,3 days.

Day I Day 2

•frial A Trial B Trial A

1.1 • 0.7M e t l iti 8 I
W o m e t i (/; 16)
A l l (.V 2-1 I

I.I ' 0.8
:i.-") ' 0.7
,'1.7 ' 0.8

3,9 -: 0,7
3.6 = 0.9
3.7 ± 0.9 0.7

\ allies for women were- signiticantlv lower than tftose for ineti.

Dav 3

Tri

4.1
.3.4
.3.7

al B

.' 0.7
' 0.5-
* 0.7

T n

4.1
3.5
3.7

al A

* 0.7
' 0.6
• 0.7

4
,3
3

frial

.1 '

. 5 t

. 7 •

B

0.6
0.6-
0.7

T A U L K 4. l{iid\ ( le i i s i t \ i t i ieat i ' SD) v a l u e s for 2 t r i a l s p e r f b r m e d on e a c h of 3 d a y s .

M e n (/( 8)

W o m e n (// Uii

All (.V 2-11

Dav f I )av 2

Trial A Trial B 'frial A Trial I?

Dav 3

Trial A

\ alues lor women were signi(icantl\' lower that! thos(> for metl.

Trial I?

1 062 ' 0.01,'i 1.062 ^ 0,014 1.061 ' O.Oir, 1.061 ' 0.013 1.060 • 0.013 1.061 ' 0.012
1 o:!r> - O.OL'V 1.034-0.013* l.(),'!6 ' 0.013 1.0.36 • 0.013 1.035 ' 0.013* 1.037 • O.OKi-
LOll ' 0.018 1.043 + 0.019 1.0f4 ' 0.018 1.044 ' 0.019 1.044 ' 0.019 1.045 • 0.018

TABI.K 5. liodx fat (mean ' .S7>) \ alues for 2 tr ials performed on each of 3 days.

Day f

I rial A

M e n ltl 8)
W o m e n (;( Kil
All (.V 24 1

:! ' 6.0'
1 ' 8.1

16.
29.
24.

frial

3 ±
0 1

8 ±

B

6.
5.!
8.:

1
9 '
5

I )av 2

Trial A

Ki.7 ' (i.5
28.1 < 5.8*
2-1.:! > 8.0

's for women wen- significantK lower than those for men.

Trial B

16.5 ' 5.8
27.8 ' 6.9*
24.0 ' 8,4

Dav .3

Trial A Trial B

17.0 ' 5.7
28.2 ' 6.2*
24.4 ' 8.0

16.8 ' 5.5
27.6 ' 7..3*
24.0 ' 8.-1



T A B L K 7. b i t rac lass correlation coefficients (95'/. confidence intervals) of 2 tt-ials perfbrmed oti
lowest and highest values over the 6 trials.'^'

Dav 3Dav 1 Day 2
BV(L)
V,,.(L)
BD(kgL
BF i'/i)

1.00(1.00-1.00)
0.86 (0.71-0.94)
0.98 (0.96-0.99)
0.98 (0.96-0.99)

1.00 (1.00-1.00)
0.93 (0.84-0.97)
0.98 (0.94-0.99)
0.98 (0.94-0.99)

1.00 ( 1.00 l.OOi
0.9(-i (0.91 ().i),St
0.97 (0.9-1 ().i)9t
0.98 (0.9,'') ().i)9i

•' BV hody volume; V,.,; = thoracic gas volume; BD - hody density; BF hody fat.
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of 3 ( l a \ s a n d h e t w e e n t h e

High atid low

1.00 ( 1.00 1.00)
0.88 (0.75-0.9,''))
0.9S (t).9r) 0.99)
0.9K (0.9()-0.f)9)

T A B L K 8. Day-to-day reliahility of air displacement plethys-

mography . '

SD (W

BV 0,329 L (0.176-0.608 L)
V,,. 0.2 L (0.0-0.6 L)
BD 0.002 kg-L ' 10.001-0.008 kg-L
BF 1.10'/; (0.24-3.4'/;)

0.522'/. (0.277-0.952'/;)
6.1'.;; (0.0-14.5'.; )

0.232't (0.078-0.727'r)
5.30'/; (0.94-18.03'/; )

•^•Values presented as mean (range). Two trials were per-
fbrmed on each of 3 days. CV - coefficient of variation; BV
hody volume; V,,; thoracic gas vofume; BD = l)ody density; BF

body fat.

TABLK 9. Techincal error of measurement of 2 trials per-
formed on each of 3 davs.'''

Dav 1 Dav 2 Dav 3

BV(L)
V,,.(L)
BD (kg4- '1
B F C Y )

0.101
0.2
0.002
1.15

0.162
0.2
0.003
1.28

0.158
0.1
0.003
1.28

"• BV -- hody volume; V,,; - thoracic gas voltime (only mea-
sured volumes were used); BD - bodv density; BV - hody fat.

were determined and are presented in Tahle 8, The SD
and CV for BF over the 6 trials were 1.1'/; and 5.3'/;, re-
spectively.

The TEM values are presented in Tahle 9, The TEM
for BV ranged from 0,101-0,162 L. For the 3 days, the
TEM for V|,; and BD were very close with values of 0 ,1-
0,2 L and 0,002-0,003 kg-L ', respectively. The TEM for
BF was 1,15-1,28'/;.

DISCUSSION

Uncorrected BV is normally determined from the average
of 2 hody volume measurements. If these values differ hy
more than 150 ml, a third measurement is taken, Ofthe
24 suhjects, 12 needed to complete a third BV measttre-
ment ciuring 1 of the testing sessions, 2 needed to do so
during 2 testing sessions, and 4 needed to perform a third
BV measurement during 3 of the 6 trials.

The procedure for measuring V,.,; during normal tidal
breatbing into a tube connected to the ADP gave some
suhjects difficulty. Because McCrory et al. (9) and Collins
and McCarthy (2) found no difference hetween measured
and predicted V,,; in adults, a predicted value for V,,; was
used for the 3 suhjects who could not satisfactorily per-
form the procedure after 3 attempts during the first trial.
In suhsequent trials, 18 suhjects were unable to perfbrm
tbe procedure after 3 attempts, P'or tbese subjects who
had at least 1 previously successful attetnpt (28 of 144
trials), a V,,; from a previous trial was entered. Two sub-
jects wbo were unsuccessful during tbe first trial were
able to correctly perfbrm tbe procedure on later trials.
Their data revealed significantly lower estimated values
than measured values. One such suhject had an estimat-

e d V.,,; o f 3 . 6 L a n d t i u v t s t t t - e d \ a l t t c s o f 3 .<S-4.1 L. T h e

o t h e r s u h j e c t h a d a t i e s t i t i i a t e d X',, , of 3 . 0 L a t i d t i i e a s t t r e d

v a l u e s o f 2 . 9 - 3 . 4 L. T h e s e at-c s i t t t i l a t - , h t t t iti t h e o p p o s i t e

d i r e c t i o n a s fb t i t id b y C o l l i t i s ct a l . ( 4 ) , v\ 'ho fb t t t id t i i e a -

s u r e d V , , ; ( r a n g e 2 , 8 9 7 ( i . 3 0 4 L) t o h e s i g t i i f i c - a t i t l y l e s s

t h a t t h e e s t i m a t e d V , , , ( t a t i g e 3 . 6 17 4 . 9 7 7 L ) . R e s u l t s

o f t h e p r e s e n t s t t t d y a t -e a l s o t t i o t c ( - o t i s i s t e i i t w i t h t h e

m o d e s t c o r r e l a t i o n (/••' 0 . 2 8 ) b e t w e c - t i p t -cchc- ted V , , ; a t i d

m e a s u r e d V , , ; fb t i t id b y l )c t i i i>t -a t l i ct a l . ( 5 ) . ' f h e l a c k o f

d i f f e r e n c e h e t w e e n p r e d i c t e d a t i d t i i e a s t t t c d I t t t i g v o l t t t i i e s

i s n o t a c o n s i s t e n t f i n d i t i g , b o w e v e t - . Iti fa(-f, a c t - o r d i t i g t o

C o l l i n s a n d M c C a r t h y ( 2 ) , t l i e t c t u a y b e a d i f f e t - e t i c e o f

o n l y 3 ' / ; BV w h e n u s i t i g |) t-( 'di(-tc(l a t i d t i i e a s t t r e d I t n i g v o l -

u m e s .

T h e r e l i a b i l i t y of l )od \ ' d c t i s t f y t u e a s t t t - e t u e t i t s w a s

h i g h . I C C s o f 0 . 9 7 t o 0 . 9 8 wwc fb t t t id oti a g i \ ' e t i d a y .

T h e s e v a l t t e s at-e s i t n i l a t - t o t h r t -o t - t - e la t io t i s o f 0 . 9 8 a t i d

0 . 9 9 3 f o u n d b y S a r d i n h a c t a l . M 11 a t i d V c s c o v i e t a l . ( 1 6 ) ,

r e s p e c t i v e l y . I n e a c h of t h e s e s t t t d i e s , t h e s t thj(>ct p o o l o f

1 6 - 1 9 s u b j e c t s w a s s l i g l i t l \ s t i i i i l l e t - t l i a t i t b e 2 4 u s e d iti

t h e p r e s e t i t s t t t d y . T h e TKM x a l t t e s fbt- 2 t t - i a l s p e t - f b r n i e d

o n 1 d a y ( 0 . 0 0 2 - 0 . 0 0 3 k g - L ') at-e o t i l y s l i g h t l y h i g h e r

t h a n t h e 0 . 0 0 2 1 k g - L ' fb t t t id l ) \ S a t d i t i h a e t a l . ( 14 ) a n d

t h e 0 , 0 0 1 7 k g - L ' fo t t t id 1)\ \'(>s(-t)vt e t a l . ( 1 6 ) .

T h e w i t h i t i - d a v r e l t a l ) t l t t \ ol BI'" t i i e a s t t t - c t i i e n t s w a s

a l s o h i g h . T h e I C C s w i t h i t i a d a \ wvvv a l l 0 . 9 8 . T h e s ( > a r e

h i g h e r t h a n t h e c o r r e l a t i o t i s of ( ) . 9 3 0 . 9 4 ( b t t t i d h y H a l l a r d

vi a l , (1 ), h u t s l i g h t l y \i.)\\vv t l i a t t t h e c o r t - c l a t i o t i o f 0 . 9 9 4

f o t i i i d h y C o l l i t i s e t a l . ( 1 K ' I ' h c w i t h i t i - d a y TEM iti t h e

p r e s e n t s t u d y o f 1 . 1 5 - 1 . 2 . S ' , is lat-g(M- t l t a t i t h e 0 . 4 4 8 ' ;

f o t t n d h y C o l l i n s e t a l . ( 4 ) , tli(> 0 . 7 5 ' , fb t t t id h y V e s c o v i e t

a l . ( 1 6 ) , a n d t h e 0 . 8 ' . fb t t t id b y C o l l i t i s a t i d M ( - C a r t h y ( 2 ) .

O t h e r i n v e s t i g a t o t - s h a x c c x a t u i t i e d b ( > t w e ( M i - d a y dif-

f e r e t i c e s o f B F u s i t i g A D P t e s t e d o tu -c ot i 2 7 d a y s ( 5 , 8 ,

1 1 , 1 3 ) . T h e C V fbr B F ol 5 . 3 ' . I b t t t i d i s h i g h e r t h a n t h e

C,\ o f 2 . 0 - 2 . 7 ' f f b u t i d iti p t - e \ i o t t s s t t t d i e s t t s i t i g a s n i a l l e t -

s t t b j e c t p o o l o f t t p t o 10 s t i b j e c t s t u c a s t t t c d o t i c e ot i 3 - 7

d a y s ( 8 , 1 1 , 13) . Tb(> C V t 5 . ; i ' r ) fb t t t id iti t h i s s t u d y w i t h

2 A D P m e a s u r e t n e t i t s t a k e t i o n ('a(-li of 3 d a y s i s l o w e r

t h a n t h e (^V ( 6 . 1 ' . ) fb t t t id iti a g t -o t t p ol 5 0 s t t b j e c t s t e s t e d

o n c e o n 2 d a y s ( 5 ) .

T h e s e r e s u l t s i n d i c a t e a l i tg l i t - ( ' l i a b i l i t \ lot- w i t h i n - d a y

e s t i m a t e s o f B F a t i d s ig t t i f i ( -a t i t d i l fc t -c t t c -es iti b c t w e e t i -

d a y e s t i m a t e s o f B F u s i t i g A D P .

P l i A C T l C A L A l M ' L U A I I O N S

T b e B O D P O D B o d y C o t u p o s i t loti S x s t e t i t i s a ( [ t t i ck a t i d

e a s y s y s t e m t h a t c a t i b e u s e d w i t h a w i d e t - a t i g e o f s t t b -

j e c t s . T h e t - e s u l t s of t h i s s t t i ( l \ ' i t i d i t a t e a h i g h | - e l i a h i l i t y

fbr e s t i t n a t e s o f HK tak iMi oti t h e s a t u e d a \ a t i d s i g n i f i c a n t

d i f f e r e n c e s iti ( e s t i m a t e s of P>l'' t a k e t i oti d i f f e t - e t i t d a y s t t s -

i n g t h i s m e t h o d . K e l i a h i l i t y o f \W t i i a y b e i t i ( - t - eased h y

r e q t t i r i t i g s t t b j e c t s t o pt-a(-ti(-e t l i c p t - o c e d t t t c fot- I t t t i g v o l -

t i m e m e a s u t - e m e n t t t t i t i l tt i s t u a s t e t c d p t i o t - t o c o t i d u c t i t i g

testing.
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