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DEMURA, S. and SATO, S.  Suprailiac or Abdominal Skinfold Thickness Measured with 
a Skinfold Caliper as a Predictor of Body Density in Japanese Adults.  Tohoku J. Exp. 
Med., 2007, 213 (1), 51-61 ── Measurement of subcutaneous fat thickness with a skin-
fold caliper is a simple and inexpensive technique for assessment of body composition, but 
is influenced by the skin site or the obesity level.  The resulting measurement errors may 
influence the prediction accuracy of body density.  We therefore aimed to clarify the char-
acteristics of measurement errors with a skinfold caliper and to determine useful measure-
ment sites for the prediction of body density in Japanese adults of wide-ranging age and 
obesity levels.  The present study included 126 Japanese male and 77 female subjects rang-
ing from 21 to 81 years old.  They were divided into a “non-obese group” and an “obese 
group”, based on the Japanese criteria of obesity (BMI ≧ 25 kg/m2).  Subcutaneous fat 
thickness was measured at 14 sites with a skinfold caliper and ultrasound.  Percent body 
fat was measured by dual-energy X-ray absorptiometry, and body density was calculated 
using Brozek’s formula.  Sex and obesity level differences in the measurement error of 
skinfolds (ultrasound minus skinfold caliper measurements) were examined by 2 × 2 
ANOVA (sex and obesity groups) for each site.  The relationship between body density 
and the systematic error was examined.  We developed an accurate prediction equation for 
body density with smaller measurement and systematic errors.  Although measurement 
errors in skinfold thickness tended to increase with increasing obesity levels, the influence 
was smaller for the abdominal and suprailiac skinfolds compared with other sites.  
Measurement of suprailiac or abdominal skinfold thickness is useful to accurately estimate 
body density in Japanese adults. ──── skinfold caliper; measurement error; anthropom-
etry; ultrasound; systematic error
© 2007 Tohoku University Medical Press

Measurement of subcutaneous fat thickness 
with skinfold calipers is a simple and inexpensive 
technique for body composition assessment that 
has been used in the field setting (Eston et al. 
1994, 2005; Demura et al. 1999; Garcia et al. 

2005).  In Japan, Nagamine and Suzuki’s formula 
(1964) has been most widely used as an equation 
for predicting body density.  However, it has been 
reported that estimation accuracy of this equation 
differed depending on sex and obesity level 
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aimed to clarify the characteristics in measure-
ment error of the skinfold caliper and to determine 
useful measurement sites for predicting body 
density in Japanese adults.

METHODS

Subjects
Subjects were 126 Japanese males and 77 females 

aged from 21 to 81 years.  They were divided into two 
obesity groups, the “non-obese group” and the “obese 
group”, based on a criteria of body mass index (BMI) ≧ 
25 kg/m2 which is the criteria for obesity disease in Japan 
in relation to obesity-related complications (The 
Examination Committee of Criteria for Obesity Disease 
in Japan 2002).  The sample size and physical character-
istics of each sex and obesity group was as follows; 55 
non-obese males 71 obese males, 46 non-obese females, 
and 31 obese females (Table 1).

The study was approved by the Human Subject 
Ethical Committee of Kanazawa University, and 
informed consent was provided by each subject prior to 
participation in this study.

Subcutaneous fat thickness
In line with previous studies (Komiya et al. 1992, 

2000), subcutaneous fat thickness was measured at 
14 sites (Fig. 1) with a skinfold caliper (Cambridge 
Scientific Industries, Inc., Cambridge, MD, USA) and by 
ultrasound using an EU-2002B (ELK Corp., Osaka).  
The sites included the right cheek, chin, chest 1 (diagonal 
fold just superior and lateral to the nipple), chest 2 (verti-
cal fold on the midaxillary line at the level of the xiphoid 
process), abdomen, suprailiac, triceps, subscapular, back 
1 (vertical fold just adjacent to and level with the verte-
bra prominence), back 2 (vertical fold just adjacent to the 
spinal column and level with and just below the arcus 

(Nakadomo et al. 1990; Tanaka et al. 1992).  This 
equation was developed in consideration of prac-
ticality, and the measurement accuracy of skinfold 
thickness has not been sufficiently examined.  
Thus, measurement sites are not always selected 
based on detailed examinations of measurement 
error or systematic error in skinfold thickness 
measurements.  In addition, the study sample used 
for developing this equation was limited to 
Japanese adolescents with normal physical char-
acteristics.

The skinfold caliper is simple and inexpen-
sive but is susceptible to measurement error (Weits 
et al. 1986; Forbes et al. 1988).  The skinfold cali-
per assumes a double-layer construction in the 
subcutaneous adipose tissue, and its measurement 
accuracy is influenced by tension in the skin.  This 
suggests the possibility that accuracy in skinfold 
caliper measurements will differ based on the 
location of the measurement site or the obesity 
level of the subject.  It is therefore important to 
clarify the influences of the differences in mea-
surement sites and obesity level on the measure-
ment and systematic errors in skinfold measure-
ments.  When including obese subjects, a non-
traditional site may be judged as a useful site for 
predicting body density in Japanese adults.

We measured subcutaneous fat thickness at 
14 sites throughout the whole body by ultrasound 
and with a skinfold caliper in Japanese adults with 
different obesity levels.  The error in the skinfold 
caliper measurements was then calculated in 
reference to the ultrasound measurement.  We also 
examined the influence of obesity level on the 
accuracy of the skinfold measurement.  This study 

TABLE 1.  Physical characteristics of study sample.

Variables* Units
Mean ± S.D.

 Non-obese males a  Obese males b  Non-obese females c Obese females d

Age yr     48.1 ± 15.2     48.2 ± 11.1     47.3 ± 15.1     51.0 ± 10.4
Height cm 170.6 ± 5.9 168.9 ± 5.5 157.0 ± 6.8 154.1 ± 5.4
Weight kg   64.7 ± 6.9   78.8 ± 7.5   52.3 ± 7.0   65.8 ± 7.5
BMI kg/m2   22.2 ± 1.8   27.6 ± 1.9   21.2 ± 2.7   27.7 ± 2.3

*BMI, body mass index.
a n = 55, b n = 71, c n = 46, d n = 31.
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costalis), thigh 1 (vertical fold on the anterior aspect of 
the thigh midway between the superior aspect of the 
patella and anterior superior iliac spine), thigh 2 (vertical 
fold on the posterior aspect of the thigh), knee, and calf 
(vertical fold on the posterior aspect of the calf at the 
level of maximum circumference, subject seated with 
lower leg dangling).  A suitably trained tester measured 
the thickness of each site twice.  To confirm intra-tester 
reliability in ultrasound and skinfold caliper measure-
ments, intra-class correlations were calculated for each 
site.  Intra-class correlation coefficients were higher than 
0.95 in the skinfold-caliper method, and higher than 0.89 
in the ultrasound method.

Percent body fat and body density
This study measured percent body fat by Dual-

energy X-ray absorptiometry (DEXA) (DPX-L; Lunar 
Radiation Corp., Madison, WI, USA; whole body scan-
ning, software version 1.3Z).  Body density was calculat-
ed using Brozek’s formula (1963) (body density = 
4.57/[(percent body fat [%]/100) + 4.12]).

By DEXA, a trained radiology technician measured.  
DEXA measurements were performed following stan-
dard procedures, according to the manufacturer’s guide-
lines, while the subject was lying in a supine position on 
a table.  Whole body scanning time was 20 min, and total 

x-ray irradiation absorbed by a subject was 5 mrems or 
lower, which corresponds to 10% of a standard chest 
X-ray film.

Measurement error in subcutaneous fat thickness
To confirm the influence of sex and obesity level on 

the measurement error of skinfold calipers, sex and 
obesity-related differences in the measurement error of 
subcutaneous fat thickness (ultrasound minus skinfold 
caliper measurements) were examined by 2 × 2 analysis 
of variance (ANOVA) (sex and obesity groups) for each 
measurement site.  Furthermore, to clarify systematic 
error, correlation coefficients between measurement error 
and the mean of subcutaneous fat thicknesses determined 
by both measurement methods were calculated for each 
site.

Relationship between errors in subcutaneous fat thick-
ness and body density

To clarify the relationship between body density and 
subcutaneous fat thickness at each site, single regression 
analyses were conducted using each subcutaneous fat 
thickness measured by the skinfold caliper as an inde-
pendent variable and body density as a dependent vari-
able.  Then, we calculated the correlation between error 
in the subcutaneous fat measurement and error in body 

Fig. 1.  Measurement sites of subcutaneous fat thickness.
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density, which was calculated by body density predicted 
from the DEXA measurement minus body density pre-
dicted from the single regression equation.

Body density prediction
We attempted to develop a more accurate prediction 

equation for body density using subcutaneous fat thick-
nesses, which showed smaller measurement and system-
atic errors in the above mentioned analyses.  Single 
regression analysis was conducted for each sex and obe-
sity group using subcutaneous fat thickness measured 
with a skinfold caliper as the independent variable and 
body density calculated from the DEXA measurement as 
the dependent variable.  To examine systematic error in 
the predicted body density value, a Bland-Altman plot 
was created, and the correlation between the error in 
body density (the reference value minus predicted value 
in the new equation) and the mean value of the reference 
and predicted values was calculated.  Furthermore, we 
examined the influence of visceral fat on prediction of 
body density.  This study assumed that waist circumfer-
ence reflects visceral fat level, and calculated the correla-
tion coefficient between waist circumference and the pre-
diction error in body density (the reference minus 
predicted values).

RESULTS
Sex and obesity level differences in error of 
subcutaneous fat thickness measurements

Table 2 shows the sex and obesity level 
differences in measurement error (ultrasound 
minus skinfold caliper) of subcutaneous fat thick-
ness.  Significant interactions were found in sub-
cutaneous fat thickness at the chin, subscapular, 
and calf.  A significant obesity level difference 
was found in all sites except for the abdomen and 
suprailiac sites, and the measurement error of the 
skinfold caliper was greater in obesity group than 
in the normal group.  A significant sex difference 
was found in all sites except for chest 2 (side 
chest) and back 2 (lower back), and the measure-
ment error was greater in females than in males.  
Multiple comparisons showed no significant sex 
difference in the abdomen site.  Therefore, these 
results indicate that the measurement error 
between the ultrasound and skinfold caliper varies 
by sex and obesity level and that measurements 
taken at the abdomen and suprailiac sites are less 

subject to the influence of differences in obesity 
level.

Systematic error in subcutaneous fat thickness 
measured by skinfold caliper

The correlations between the mean value of 
ultrasound and skinfold caliper measurements and 
the error (ultrasound minus skinfold caliper) were 
calculated for each site (Table 3 and Fig. 2).  
Significant correlations were found in all sites 
except for the abdominal and suprailiac sites in 
males of both obesity groups.  Significant correla-
tions were found in all sites except for the abdo-
men in non-obese females and were found in all 
sites except for the chin, chest 1, chest 2, supraili-
ac, triceps and subscapular in obese females.

Relationship between errors in subcutaneous 
fat thickness and in body density

We examined the influence of measurement 
error in subcutaneous fat thickness on the error in 
predicting body density.  Single regression analy-
sis was conducted for each site using each subcu-
taneous fat thickness measurement from the skin-
fold caliper as the independent variable and body 
density predicted from the DEXA measurement 
as the dependent variable (Table 4).

The sites with |r | > 0.70 were chest 1 (0.706), 
chest 2 (0.755) in males, and chest 1 (0.765), 
chest 2 (0.748), suprailiac (0.714), triceps (0.715), 
and subscapular (0.744) in females.  The sites 
with | r | > 0.60 were the abdomen (0.669), back 1 
(0.672) and back 2 (0.652) in males and chin 
(0.668), calf (0.641), back 1 (0.674) and back 2 
(0.604) in females.

We calculated the error in body density (body 
density calculated by DEXA measurement minus 
body density predicted from the regression equa-
tion for each site), and examined the relationship 
between this error in body density and the error in 
subcutaneous fat thickness measured by the skin-
fold caliper (Table 4).  Although no significant 
correlations were found in almost all sites in the 
non-obese groups, significant correlations were 
found in almost all sites in the obese groups.  This 
trend was also found in both sex groups.  In non-
obese males, significant correlation was found 
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TABLE 2.  Sex and obesity level differences in the measurement error (ultrasound minus skinfold caliper) of 
subcutaneous fat thickness (mm).

Measurement sites
Mean ± S.D.a Two-way ANOVA b

Multiple 
Comparisons c,d

Non-obesity Obesity Sex Obesity Interaction

Cheek Males −4.01 ± 2.25 −4.55 ± 2.21 ** * M < F
Females −5.92 ± 3.31 −6.89 ± 3.49 N < O

Chin Males −1.70 ± 1.98 −2.08 ± 2.35 ** ** * M: ns, F: N < O
Females −3.38 ± 2.99 −5.47 ± 3.35 N, O: M < F

Chest 1 Males −6.95 ± 4.24 −9.57 ± 5.01 ** ** M < F
Females −4.86 ± 8.96 −5.05 ± 10.88

Chest 2 Males −7.93 ± 3.95 −11.96 ± 5.16 **
Females −7.69 ± 6.15 −11.35 ± 12.80 N < O

Back 1 Males −8.71 ± 3.29 −13.20 ± 3.98 **
Females −8.85 ± 6.03 −14.67 ± 9.15 N < O

Back 2 Males −6.79 ± 3.13 −10.65 ± 4.11 ** ** M < F
Females −10.62 ± 5.26 −15.72 ± 6.73 N < O

Triceps Males −4.40 ± 2.54 −5.86 ± 3.57 ** ** M < F
Females −9.74 ± 5.02 −10.55 ± 6.42

Subscapular Males −9.71 ± 4.15 −12.85 ± 4.87 ** ** * M, F: N < O
Females −9.53 ± 6.74 −16.22 ± 8.70 N: ns, O: M < F

Abdomen Males −6.96 ± 6.74 −6.86 ± 8.37 *
Females −9.28 ± 8.32 −8.53 ± 11.25

Suprailiac Males −4.50 ± 5.31 −5.20 ± 6.65 ** M < F
Females −7.75 ± 7.92 −9.75 ± 9.83

Thigh 1 Males −6.49 ± 6.11 −8.58 ± 3.60 ** ** M < F
Females −12.97 ± 6.48 −15.28 ± 6.08 N < O

Thigh 2 Males −6.64 ± 5.55 −8.74 ± 4.62 ** ** M < F
Females −10.08 ± 6.71 −12.38 ± 8.48

Knee Males −4.36 ± 5.82 −5.93 ± 3.25 ** ** M < F
Females −8.88 ± 5.62 −10.84 ± 8.31 N < O

Calf Males −4.05 ± 3.64 −5.35 ± 3.43 ** ** * M: ns, F: N < O
Females −7.97 ± 5.42 −12.45 ± 6.02 N, O: M < F

This table shows the sex and obesity level differences in measurement error (ultrasound minus skinfold 
caliper) of subcutaneous fat thickness (mm) for each measurement site.  a The unit of numerical values (mean 
± S.D.) in this Table is mm.  b*p < 0.05, **p < 0.01.  c M, males; F, females; N, non-obesity; O, obesity; ns, 
not significant.  d Magnitude relation based on absolute value in the measurement error is shown.
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only for the abdomen.  In obese females, signifi-
cant correlations were found at all sites except for 
the abdomen and suprailiac sites.

Proposal of prediction equation for body den-
sity

We attempted to develop a prediction equa-
tion for body density using subcutaneous fat 
thickness at the abdominal and suprailiac sites, 
which both showed smaller measurement and sys-
tematic errors.  Single regression analysis was 
conducted for each sex and obesity group using 
the body density calculated from the DEXA mea-
surements as the dependent value and the sum of 
the subcutaneous fat thicknesses at both sites as 
the independent variable.  Furthermore, single 
regression analysis was similarly conducted using 
the sum of the subcutaneous fat thicknesses at the 
sites used in Nagamine and Suzuki’s equation 
(triceps and subscapular) as the independent vari-
able.  Prediction equations obtained from the 

regression analyses are shown in Table 5.  The R2 
(coefficient of determination) and standard error 
of estimation (SEE) values in the equation using 
the abdominal and suprailiac sites were almost 
equal to those in the equation using the triceps 
and subscapular sites.  The accuracy of body den-
sity calculated from the subcutaneous fat thick-
ness tended to be higher in females than in males.

Furthermore, to confirm systematic error in 
both equations, a Bland-Altman plot was created, 
and the correlation between the error in the body 
density values predicted from two equations and 
the mean value of these predicted values was cal-
culated.  Although significant systematic error in 
body density was not found when predicting from 
subcutaneous fat thicknesses at the abdominal and 
suprailiac sites, it was found (r = 0.474, p < 0.05) 
when predicting from sites at the triceps and sub-
scapular sites (Table 5 and Fig. 3).

To examine the influence of visceral fat on 
body density prediction, the correlation coeffi-

TABLE 3.  Systematic error a for each site.

Males Females

Non-obesity Obesity Total Non-obesity Obesity Total

Cheek −0.88** −0.55** −0.71** −0.60** −0.38* −0.56**
Chin −0.68** −0.32* −0.47** −0.63** −0.15ns −0.50**
Chest 1 −0.70** −0.54** −0.64** −0.75** −0.29ns −0.57**
Chest 2 −0.63** −0.50** −0.64** −0.58** −0.24ns −0.55**
Back 1 −0.62** −0.50** −0.69** −0.72** −0.36* −0.64**
Back 2 −0.60** −0.58** −0.68** −0.56** −0.42* −0.61**
Triceps −0.60** −0.67** −0.66** −0.69**   0.24ns −0.33*
Subscapular −0.62** −0.66** −0.69** −0.73** −0.20ns −0.69**
Abdomen   0.20ns −0.02ns   0.07ns −0.15ns   0.58**   0.16ns
Suprailiac −0.13ns −0.17ns −0.15ns −0.48*   0.28ns −0.24ns
Thigh 1 −0.76** −0.80** −0.78** −0.85** −0.59** −0.76**
Thigh 2 −0.70** −0.70** −0.71** −0.74** −0.72** −0.74**
Knee −0.79** −0.44** −0.61** −0.75** −0.50** −0.63**
Calf −0.74** −0.83** −0.79** −0.77** −0.47** −0.70**

This table shows the result of examining systematic error for each measurement site.  The values in the 
Table show the correlations between the mean value of ultrasound and skinfold caliper measurements and 
the error (ultrasound minus skinfold caliper).

a The values in this Table mean the correlations between the mean value of ultrasound and skinfold 
caliper measurements and the error (ultrasound minus skinfold caliper).  **p < 0.01, *p < 0.05, ns, not 
significant.
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cients between waist circumference and the error 
in the predicted body density were calculated with 
the above mentioned equations.  In the equation 
using subcutaneous fat thickness at abdominal 
and suprailiac sites, a significant correlation was 
found only in the non-obese male group (r = −0.32, 
p < 0.05).  In the equation using subcutaneous fat 
thickness at the triceps and subscapular skinfolds, 
significant correlations were found in non-obese 
male and female groups (non-obese males: r = 
−0.52, p < 0.05; non-obese females: r = −0.34, 
p < 0.05).

DISCUSSION
Subcutaneous fat thickness has been widely 

used as a simple body composition assessment 
method to determine body fat distribution or body 
density.  Nagamine and Suzuki’s formula (1964), 
which has been the most widely used in Japan, 
predicts body density from triceps and subscapu-

lar skinfolds.  There are two common methods of 
subcutaneous fat thickness measurement: ultra-
sound and skinfold calipers.  The latter method is 
very simple but has the problem of measurement 
error (Weits et al. 1986; Forbes et al. 1988).  
However, there are a few reports examining the 
influence of sex and obesity level on the error of 
skinfold caliper measurements for the Japanese 
with wide-ranging obesity levels (Nakadomo et 
al. 1990; Tanaka et al. 1992).  When Nagamine 
and Suzuki’s formula (1964) was developed, sub-
jects were selected from a limited range of age 
and obesity levels.  To determine which measure-
ment site is the most suitable for predicting body 
density, we examined the characteristics of the 
error of skinfold measurement at 14 sites through-
out the whole body.

As shown in the Fig. 2, measurement error 
for skinfold calipers increases with an increase in 
subcutaneous fat thickness.  Sites without this 

Fig. 2.  Systematic error in skinfold thickness.  This figure shows systematic error in skinfold thickness 
at abdomen, suprailiac, triceps and subscapular.
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Fig. 3.  Comparison of the accuracy of the prediction equations for body density (Bland-Altman plots).  
This figure shows the result of comparing the accuracy of the prediction equations for body density.  
The result of regression analysis of these equations is shown in Table 5.

　　a The systematic error of the regression equation using the sum of skinfolds (abdomen + suprailiac) 
as independent value and using body density calculating from DEXA measurement as dependent 
variable.

　　b The systematic error of the regression equation using the sum of skinfolds (triceps + subscapular) 
as independent value and using body density calculating from DEXA measurement as dependent 
variable.

TABLE 4.  Correlations† between skinfold thickness and body density, and between the error in body density 
and the measurement error in skinfold thickness.

Correlation between skinfold 
thickness and body density

Correlation between the prediction error in body density
 and measurement error in skinfold thickness

Males a Females b Total
Males a Females b

Non-obesity c Obesity d Total Non-obesity e Obesity f Total

Cheek −0.44** −0.56** −0.62** −0.07 −0.49** −0.14 −0.12 −0.55** −0.11
Chin −0.39** −0.67** −0.64** −0.05 −0.48** −0.16 −0.07 −0.55** −0.16
Chest 1 −0.71** −0.49** −0.49**   0.05 −0.58** −0.14 −0.22 −0.57** −0.25*
Chest 2 −0.76** −0.75** −0.72**   0.15 −0.61** −0.15   0.09 −0.45* −0.10
Back 1 −0.67** −0.67** −0.63**   0.15 −0.42**   0.00   0.02 −0.48** −0.11
Back 2 −0.65** −0.60** −0.69** −0.11 −0.45** −0.08 −0.17 −0.52** −0.13
Triceps −0.50** −0.71** −0.73** −0.23 −0.48** −0.17 −0.16 −0.51** −0.22
Subscapular −0.59** −0.74** −0.65**   0.07 −0.59** −0.10 −0.19 −0.36* −0.15
Abdomen −0.67** −0.76** −0.74** −0.26* −0.47**   −0.36*   0.00 −0.03 −0.02
Suprailiac −0.58** −0.71** −0.73** −0.24 −0.41**   −0.26* −0.12 −0.22 −0.12
Thigh 1 −0.51** −0.56** −0.68** −0.19 −0.32** −0.10 −0.27 −0.42* −0.15
Thigh 2 −0.45** −0.44** −0.57** −0.15 −0.41** −0.09 −0.24 −0.45* −0.14
Knee −0.38** −0.48** −0.59** −0.18 −0.37** −0.13 −0.20 −0.53** −0.17
Calf −0.40** −0.64** −0.66** −0.12 −0.35** −0.07 −0.20 −0.52** −0.11

This table shows the correlations between body density and skinfold for each site and the correlations 
between the predicted error in body density and the measurement error in skinfold caliper for each site.

† **p < 0.01, *p < 0.05
an = 126, bn = 77, cn = 55, dn = 71, en = 46, fn = 31.
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trend were the abdomen and suprailiac.  For these 
sites, there was no significant obesity level differ-
ence in the error of the subcutaneous fat thickness 
measurement, and these sites may consequently 
be impervious to the influence of differences in 
obesity levels.  In the case of the triceps and 
subscapular, which are used in Nagamine and 
Suzuki’s formula (1964), significant systematic 
error was found in both the male groups but not in 
the obese female group.  Furthermore, there was 
significant interaction in the skinfold measure-
ment error at the subscapular, and the tendency 
for skinfold measurement error at this site varied 
by sex and obesity level.  Thus, by using skinfold 
measurements at the abdomen and suprailiac sites, 
we may be able to predict body density without 
systematic error.

We developed an equation predicting body 
density from subscapular and abdominal skin-
folds, and compared the prediction accuracy and 
systematic error of our equation with the equation 
using established sites (triceps and subscapular).  
The determination coefficient was almost equal 
between these equations irrespective of sex or 
obesity level.  Systematic error was significant for 
non-obese males, when using skinfolds at the tri-
ceps and subscapular.  The SEE in males tended 
to be smaller when using suprailiac and abdomi-
nal skinfolds and that for females did when using 
triceps and subscapular skinfolds.  These results 
suggest that body density can be accurately esti-
mated from the suprailiac and abdominal subcuta-
neous fat thicknesses, comparable to the existing 
equation, and that it is preferable to estimate body 
density in males using suprailiac and abdominal 
subcutaneous fat.  Furthermore, body density in 
females can be equally well estimated by both 
methods, although the estimation error was a little 
smaller when using the triceps and subscapular 
skinfolds.

Systematic error in suprailiac and abdominal 
skinfolds tended to be greater in females than in 
males, but the systematic error in body density 
estimation showed an inverse trend.  Thus, the 
systematic error in skinfold caliper measurements 
was not directly reflected in the systematic error 
in body density estimation.  However, the rela-
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tionships between error in subcutaneous fat thick-
ness measurements and those in estimated body 
density values were almost significant in almost 
all sites for obese male and female groups.  This 
suggests that the increase in measurement error in 
subcutaneous fat thickness significantly relates to 
the estimation error of body density.  Therefore, 
to estimate body density, it is more preferable to 
use subcutaneous fat thickness estimations from 
sites that are less prone to produce error in skin-
fold measurements.  Although our equation for 
body density, which uses suprailiac and abdomi-
nal skinfolds, has an estimation accuracy compa-
rable to the existing method, which uses triceps 
and subscapular skinfolds, our method may be 
more useful with respect to estimation error and 
systematic error.

Furthermore, we examined the influence of 
visceral fat on the prediction accuracy of body 
density by these equations.  In the equation using 
suprailiac and abdominal skinfolds, a significant 
correlation between waist circumference and 
prediction error in body density was found only in 
the non-obese male group, and in the equation 
using triceps and subscapular skinfolds, signifi-
cant correlations were found in non-obese male 
and female groups.  These results indicate that 
when predicting body density from subcutaneous 
fat thickness, the prediction accuracy of body 
density may be more influenced by visceral fat 
levels among the “non-obese but high levels of 
visceral fat” individuals.  In addition, there is less 
influence of visceral fat levels on the prediction 
accuracy of body density in Japanese adults in the 
method using the suprailiac and abdominal skin-
folds than the method using the triceps and sub-
scapular skinfolds.

There are sex and age related differences in 
body fat distribution in Japanese adults.  In males, 
body fat tends to accumulate at the abdomen, and 
this trend increases with age.  In females, 
although body fat accumulation is found in the 
hips or lower limbs in younger women, abdomi-
nal fat accumulation tends to increase in post-
menopausal women (Zamboni et al. 1992).  
Furthermore, Nagamine and Suzuki (1964) 
reported the triceps and subscapular skinfolds as 

useful sites for the prediction of body density for 
young Japanese adults.  However, in this study 
with wide-ranging ages and obesity levels, 
suprailiac and abdominal skinfolds were more 
appropriate sites for prediction of body density in 
Japanese adults, compared with the triceps and 
subscapular skinfolds.  This result may be caused 
by the differences in the age of subjects or age-
related characteristics of body fat distribution in 
Japanese adults.  Eston et al. (2005) reported that 
skinfolds in the thigh and calf can explain most of 
the variance of whole body fat in young men and 
women.  Thus, the contribution of skinfolds to 
whole body composition may change with age.  
Considering the characteristics of body fat distri-
bution and its changes with age in Japanese 
adults, suprailiac and abdominal skinfolds may 
more accurately reflect their body density.

In summary, we measured subcutaneous fat 
thicknesses at 14 sites by ultrasound and skinfold 
caliper in Japanese adults with wide-ranging obe-
sity levels, and we determined the characteristics 
of the measurement error in skinfold thickness at 
each site and the relationship with body density.  
Although measurement error in skinfold thickness 
tends to become greater with increasing obesity 
level, the influence of the increase in subcutane-
ous fat thickness on the measurement error was 
smaller at the abdominal and suprailiac skinfolds 
as compared with other sites.  Suprailiac and 
abdominal skinfolds could accurately estimate 
body density, compared with the existing method, 
and our method showed no systematic error in the 
predicted value of body density.
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