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ABSTRACT

We devised new body shape silhouettes to more accurately reflect Japanese body sizes. Our aim was to
assess the association between measured body mass index (BMI) and body size through self-selection of
nine figure scales. This study was comprised of 4808 men and 1093 women aged 35-71 years. Subjects
were asked to identify the silhouettes that most accurately represent their current body size. BMI was
calculated from measured height and weight based on annual health checkups. Spearman’s correlation coef-
ficients between silhouette ratings and BMI were 0.73 in men and 0.80 in women. Moreover, mean BMIs
increased in value with increasing silhouette numbers in both genders (trend p < 0.01 for both). Simple
linear regression models predicting BMI based on silhouette ratings showed a good fit, with silhouette
self-selection statistically explaining 54.0% of BMI variance in men and 62.5% in women. Receiver
operating curves showed that areas under the characteristics curves were higher than 0.8 for obesity and
thinness in both genders. These findings suggest that our scale is a promising tool for examining body
size and image among Japanese adults.
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INTRODUCTION

Standard body silhouettes were introduced by Stunkard er al. as an easy-to-administer self-
reported measure of body image. They can be useful as an adjunct to measured or self-reported
height and weight in defining overweight and obesity in different settings; for example, in
developing countries where clinical equipment such as scales and height gauges might not be
readily available. They also show promise as a means of estimating body size in childhood or
that of deceased individuals (e.g., parents). Recently, the disparity between actual and desired
body size has been interpreted as a measure of body dissatisfaction,? which has been associated
with weight-control efforts.>®

Few studies have assessed the association between measured BMI and body silhouettes. The
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available literature, which refers mostly to BMI derived from self-reported height and weight,
deals primarily with Caucasian populations.>® The accuracy of self-reported height and weight
has been investigated by some researchers; generally, height is overestimated and weight is
underestimated, thus causing BMI to be underestimated.” Since it is known that there are dif-
ferences in the way populations perceive their body size,'*'¥ it would be unwise to apply these
data to non-Caucasian populations. In addition, the silhouettes based on Caucasians would be
not suitable for Japanese subjects, most of whom differ from them in body size.

Therefore, we modeled a new body shape instrument along with those already validated. The
purpose of this study is to evaluate the correlation between self-rating body size and BMI derived
from measured height and weight in adult Japanese men and women, which is the first step in
understanding how body image perception impacts obesity-related health behaviors.

METHODS

Population

Our investigation was conducted as part of a cohort study on cardiovascular disease which
started in 1997. The participants were public servants in a workplace in Aichi prefecture, Japan,
who underwent an annual physical examination including measurements of height and weight. In
2005, 4808 men and 1093 women aged 35-71 years were requested to answer a self-administered
questionnaire about body size. Current body size and both current height and weight were
obtained from 4707 men and 964 women, all of whom gave their informed consent to the use
of their personal information for analysis.

The study protocol was approved by the Ethics Review Committee of the Nagoya University
School of Medicine, Nagoya, Japan.

Anthropometric data

Height and weight were measured when subjects were dressed in light indoor clothing and
without footwear. Height was measured to the nearest 0.1 cm, and weight to the nearest 0.1
kg. BMI was calculated as weight in kg divided by height in m squared. Obesity was defined
as BMI > 25, and thinness as BMI < 18.5 according to the criteria recommended by the Japan
Society for the Study of Obesity.'¥

Silhouettes of adult men and women figures were used for rating participants’ self-selected
body size. We modified Stunkard’s widely recognized nine-figure scale to more faithfully represent
the shape of Japanese subjects (Fig. 1). When Stunkard’s silhouettes were used, some studies
reported that mean BMI corresponding to silhouette 5, which is the median silhouette in 9, was
higher than 25.%'9 Since the proportion of obesity (BMI = 25) in Japanese is low, Stunkard’s
silhouettes were a poor fit. Therefore we modeled a new body shape instrument comprised of
thinner silhouettes than Stunkard’s. Participants were shown an array of nine adult body sizes
representing their gender and were asked to identify the figure that most accurately represented
their own current body size; ‘Which silhouette is closest to your usual appearance.” Each of
the nine figures was rated from 1 to 9, with 1 representing the most slender figure and 9 the
heaviest.

Statistical analysis

Separate analyses were made for each gender. Mean, median, standard deviations, and 95%
confidence intervals were used to describe the general characteristics of the samples. One-way
analysis of covariance with polynomial contrast in an SPSS statistical package (SPSS Inc.,
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Fig. 1 Male and female body image instrument.

Chicago, IL) was used to evaluate statistical differences and trends in BMI across all 9 silhouette
categories. Polynomial contrast subcommand estimated linear trends across all figure categories.
Spearman correlations were calculated between silhouette ratings and BMIs. A simple linear
regression analysis was used to estimate BMI values by assuming silhouette categories to be
equally spaced ordinal variables. Receiver operating curves (ROC) were generated, and the area
under the ROC (AUC) was used to determine how well the silhouettes perform in predicting
obesity and thinness. All analyses were conducted using the SPSS statistical package for Windows
Version 12.0; p < 0.05 was considered statistically significant.

RESULTS

The correlations between BMI and figure ratings were 0.73 for men and 0.80 for women
(0.79 for both men and women in the <30-years age group, 0.73 for men and 0.80 for women
in the 40 to 49-years age group, 0.72 for men and 0.78 for women in the 50 to 59-years age
group, and 0.77 for men and 0.71 for women in the >60-years age group). Table 1 presents
the general characteristics of the participants. The mean BMI values for men and women were
23.3 (SD = 2.8) and 21.5 (SD = 2.9), respectively. With regard to the selected silhouettes, the
median corresponded to silhouette 5 for both genders.

Table 2 presents the sample distributions by gender according to the self-selected silhouettes,
and their corresponding BMI values (mean and 95% confidence intervals). Mean BMIs increased
in value with increasing silhouette numbers in both genders (trend p < 0.01 for both). The model
silhouette chosen by men was number 6, which corresponded to a mean BMI of 24.1, while the
one chosen by women was number 4, which corresponded to a mean BMI of 20.2.
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Simple linear regression equations were calculated for men and women. The statistical models
for predicting BMI based on silhouette selection were statistically reliable in both genders (p <
0.01 for both). The results show that it is possible to predict BMI from silhouette self-selections.
The equations obtained were:
for men: y = 16.283 + 1.347x
for women: y = 13.888 + 1.654x
where y is the BMI value and x is the silhouette number (from 1 to 9). The coefficient of
determination r? indicates that 54.0% of the BMI variance in men and 62.5% in women are
statistically explained by silhouette self-selection. The respective beta values for the silhouettes
are higher in women than in men (1.654 vs. 1.347 BMI units per silhouette change). The
differences between estimated and actual BMI were generally small (less than 0.5 kg/m?) in

Table 1 Characteristics of the study population, by gender.

Percentile
Variables Mean SD Min. 25 50 75 Max.
Men (n = 4707)
Age (years) 48.6 7.2 35 43 50 55 71
Height (cm) 169.0 5.6 144.0 165.0 169.0 172.7 198.0
Weight (kg) 66.7 9.1 41.6 60.5 66.0 72.0 132.0
BMI 233 2.8 15.3 21.5 23.1 24.9 39.2
Silhouettes - - 1 4 5 6 9
Women (n = 964)
Age (years) 46.9 7.5 35 40 47 53 64
Height (cm) 156.6 5.3 137.0 153.0 156.7 160.0 173.0
Weight (kg) 52.7 7.4 35.0 48.0 52.0 56.6 96.6
BMI 21.5 2.9 14.4 19.5 21.1 23.0 39.2
Silhouettes - - 1 4 5 5 9

Table 2 Number, Mean BMI and 95% confidence intervals of subjects according to silhouette.

BMI
Silhouettes n % Lower 95% CI Mean Upper 95% CI
Males
1 57 1.2 17.6 18.1 18.5
2 192 4.1 19.3 19.6 19.8
3 423 9.0 20.3 20.5 20.6
4 683 14.5 21.6 21.7 21.8
5 1025 21.8 22.8 22.9 23.0
6 1455 30.9 24.0 24.1 242
7 682 14.5 25.7 25.9 26.0
8 161 34 27.6 28.0 28.4
9 29 0.6 29.9 31.2 325
Females
1 8 0.8 15.6 16.5 17.4
2 46 4.8 17.8 18.1 18.5
3 143 14.8 19.0 19.2 19.4
4 273 28.3 20.0 20.2 20.3
5 257 26.7 21.7 21.8 22.0
6 153 15.9 235 23.9 24.2
7 64 6.6 25.2 259 26.6
8 17 1.8 26.4 28.4 30.5
9 3 0.3 22.1 323 425
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both genders, except for number 9. Men who selected silhouette 9 had a mean BMI of 31.2
compared with 28.4, based on the regression model. The same finding was observed in women;
while a mean BMI of 32.3 was calculated for those who selected silhouette 9, the BMI derived
from the model was 28.8.

Figures 2 and 3 present the percentage of men and women, respectively, who are thin (solid)
or obese (empty) in each silhouette category. These figures indicate that, with very few exceptions,
both men and women who selected silhouette 8 or 9 as representative of their body size were
indeed obese. In women, the accuracy at the lower end of the scale is clear. On the other hand,
it is less clear in men, with about 70% of subjects who selected silhouette 1 actually meeting
the criterion for thinness.

Figure 4 presents the ROC curves for obesity and thinness in both genders. The silhouettes
perform quite well in correctly classifying individuals as obese [AUC (95% confidence interval) =
0.84 (0.83-0.85) and 0.94 (0.92-0.96) for men and women, respectively] or thin [AUC (95% con-
fidence interval) = 0.95 (0.94-0.97) and 0.89 (0.86-0.91) for men and women, respectively].

DISCUSSION

We modeled the new body shape instrument to accurately reflect the body size of the Japa-
nese population. The self-selected body silhouettes were significantly and positively associated
with actual BMIs among men and women. The statistical models for predicting BMI based on
silhouette selection also fit in both sexes. These findings indicate that self-rating body size using
our instrument corresponds to the individual’s BMI value. Furthermore, silhouettes showed a
high rate of accuracy in identifying obese and thin individuals, as shown by the AUC values
higher than 0.8.

Our data suggest that there are good correlations between silhouette ratings and BMIs (r =
0.73 for men and r = 0.80 for women), with higher correlations in women. When Stunkard’s
silhouettes were used, Fitzgibbon er al.'” reported correlations of 0.69-0.77 in non-treatment-
seeking community groups of Caucasians, African Americans, and Hispanics. Bulik e al.% found
high correlations among Caucasians (r = 0.81 for men and r =0.73 for women) through polyserial
correlations of the log of BMI and the silhouettes, while Kaufer-Horwitz et al.' also showed
high correlations in Mexican subjects (r = 0.702 for men and r = 0.766 for women).

In our study, silhouette self-selection statistically explained 54.0% of the BMI variance in men
and 62.5% in women. Using Stunkard’s silhouettes, the Bulick er al.? coefficient of determination
was similar to ours (53.3% in men and 65.6% in women), while that of Kaufer-Horwitz et al.'>
was slightly lower than ours (49.3% in men and 58.7% in women).

The accuracy of our body shape silhouettes for the identification of obesity and thinness was
also high in both men and women, as shown by the AUC values in the ROC curves (higher
than 0.8 overall). When Stunkard’s silhouettes were used, Bulick et al.9 reported that the AUC
values for obese (BMI >30) were 0.88 for men and 0.93 for women, while those for thin (BMI
< 20) were 0.88 and 0.87, respectively. Kaufer-Horwitz er al.' also showed a high degree of
accuracy for detecting overweight (BMI > 25) and obese (BMI > 30) in both men (AUC = 0.85
for overweight and AUC = 0.84 for obese) and women (AUC = 0.89 for overweight and AUC
= 0.86 for obese). These findings support the validity of our scales. However, in Japan, body
shape silhouettes will not need to be used in diagnosing individuals as obese or thin since each
measured height and weight is usually available.

In some respects, as mentioned above, our body shape instruments can stand comparison with
Stunkard’s silhouettes for Caucasians and have proven useful in detecting individual Japanese
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body shapes.

Our study has two primary strengths. First, it includes a large sample of 4707 Japanese
men and 964 women. Second, we used measured rather than self-reported height and weight,
since self-reported values are known to underestimate BMI in Japanese as well as Western
subjects.”

Several notable limitations of the current study need to be kept in mind when interpreting
these data. First, our subjects were relatively homogeneous. We devised the new body shape
instrument in consideration of the body size of the Japanese population. However, given that our
subjects were public servants in a workplace, our data may not be representative of the Japanese
population as a whole, since BMI and the perception of body size differ across socio-economic
groups and between urban and rural populations.'®'” Further research needs to be done among
other workplaces and communities in Japan. Second, we had a low percentage of subjects
selecting silhouettes number 1 or 9 (1.8% for men and 1.1% for women), making it necessary
to treat information regarding those two silhouettes with extra care. The discrepancy between the
actual mean value of BMI and the value estimated by the regression model was large, especially
among those subjects who selected silhouette 9. We mainly examined concurrent validity (the
degree to which predictions made by a test are confirmed by corresponding measures). We also
need to evaluate interrater reliability (consistency among independent ratings using the same test),
and convergent validity (how strongly observer ratings of body size correlated with one another
and with participants’ ratings.). Finally, we also need to examine potential factors associated with
the validity of our scale, including age, BMI, and so on.

Despite these limitations, the silhouette approach may prove valuable in providing health
advice to individuals. A few previous studies have reported that body image discrepancy (BD:
the difference between the actual and ideal body image) was a variable associated with weight-
control efforts.>® White women who reported higher body dissatisfaction were less likely to be
successful on a diet and exercise program than those with lower levels of BD.Y Additionally,
black women with lower levels of BD were more apt to engage in healthful eating and exercise
than those with higher levels.¥ These findings suggest that overcoming body dissatisfaction may
prevent obesity and related health risks.

In summary, we modeled a new body shape instrument for Japanese adults. Our self-selected
body silhouettes were designed to correspond to the individual’s BMIs, and our silhouette method
identified obesity and thinness with a high degree of accuracy. However, the present study is
only the first step in understanding how body image perception impacts obesity-related health
behaviors. A subsequent assessment of the potential of our instrument as a health-education tool
is needed.
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