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A specific kind of obesity that occurs in young women who appear thin but who have relatively greater percentage of body fat than
is normal for their weight is called “masked obesity.” The definition of masked obesity is nutritionally and anthropometrically
clear: body mass index (BMI) < 25 kg/m? and percentage of body fat (%BF) > 30%. However, this definition allowed obesity to be
underestimated. Thus, we determined that when mathematically analyzing the relationship between BMI and %BE, the equation
%BF = aBMI® could be applied, where a (i.e., %BE/BMI®), converted by logarithmic function, is defined as an index for masked
obesity (MOI). The MOI equation (a) was thus %BF/BMI*!2. We measured the height, weight, and %BF of 8,068 young women
from all over Japan. The percentage of subjects with masked obesity above the defined criteria (BMI < 25 kg/m?* and %BF > 30%)
was 7.4%. The mean MOI was 0.0444 in the masked obesity group and we determined additional cases of masked obesity if the
MOI was greater than 0.0444. The percentage of additional masked obesity cases within the standard scale was 10.4%, and thus,

the percentage of masked obesity was 17.8% in the young Japanese women tested.

1. Introduction

The change in eating habits in modern society has led to
an increase in the consumption of highly refined foods and
Japanese young women in particular are at risk for weight
change. Based on a Japanese nutritional survey, body mass
index (BMI = weight/height? expressed as kg/m?) gradually
decreased from 21.5 in 1960 to 20.5 in 1995 in women
aged 15-24 years [1]. And Tanaka et al. [2] reported that
women in 1994-1995 had a significantly lower fat-free mass
index (FFMI = fat-free mass/height® expressed as kg/m?)
than those in 1986 despite a fat-mass index (FMI = fat
mass/height? expressed as kg/m?) similar to that of 1986.
Since a close relationship between BMI and percentage
of body fat (%BF) can be observed, BMI is the most
convenient measure for estimating obesity in a wide range of
populations. However, a specific kind of obesity that occurs

in young women who appear thin but who have a relatively
greater %BF than is normal for their weight is called “masked
obesity.” The definition of masked obesity is nutritionally
and anthropometrically specific: BMI < 25 kg/m? and %BF
> 30% (light blue area in Figure 1). In our previous study,
we examined young Japanese women at one college who
appear thin but have relatively more body fat than is normal
for their weight and determined that the percentage of
masked obesity was 21.8% (84/385) in that population [3].
Yamagishi et al. [4] also found that 94 of 605 subjects
(15.5%) had a high %BE but they did not distinguish
between high BF% and masked obesity. Our hypothesis
was that masked obesity would be present in approximately
20% of young Japanese woman, if measured by our new
approach of using a masked obesity index (MOI) [3]. To our
knowledge, a national survey of masked obesity has not yet
been conducted in Japan. Therefore, we used a mathematical
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FIGURE 1: Region setting of fundamental categories of obesity, masked obesity, additional masked obesity, standard, muscular build, and

leanness, and the distribution diagram in 8,068 young Japanese women.

approach to establish an estimation of masked obesity in the
young Japanese woman population.

Japanese women’s magazines and morning TV shows
frequently report on issues of diets and/or exercise for
obtaining a more slender body, and many young women
believe what they see and read about how their ideal bodies
should look. It may be an implanted idea of what is beautiful
that is causing young women to so strongly desire slender
bodies like those of fashion models [5, 6]. A woman’s
perception of her ideal weight is more influenced by cultural
standards than by medical implications [5], and women
who adhere to a cultural rather than medical standard of
ideal weight have three times the risk of developing eating
disorders such as anorexia or bulimia [6]. Thus, our second
aim was to investigate the actual state of leanness (BMI
< 18.5kg/m? and %BF < 30%) in the young Japanese
population.

2. Materials and Methods

2.1. Participants. The subject population consisted of 8,068,
18-to 21-year-old female students in tertiary institutions and
universities throughout Japan. The study was conducted in
the period 2000 to 2005, and the subjects were informed of
the study protocol prior to enrollment. All study protocols
were approved by the ethics committee of each of the
participating institutions, and approved consent forms were
signed by all individuals prior to enrollment. The enrollment
procedure involved anthropometric data for age, weight,
height, and percentage of body fat (%BF), the lifestyle
evaluation questionnaire, blood pressure, and 12-lead elec-
trocardiogram. All subjects provided written consent for
their participation after they were fully informed about the
study. The investigation was performed in compliance with
the Declaration of Helsinki.

Percentage of body fat (%BF) was measured by bio-
electrical impedance, hydrostatic weighing, and skinfold
measurement. The equipment could not be standardized

among the many different institutes involved in our study.
However, the principle of the measurements is acceptable.

2.2. Categories in Leanness, Standard Obesity, Masked Obesity,
and New Masked Obesity. Leanness is defined as BMI <
18.5kg/m? and %BF < 30%. The definition of masked
obesity, from a nutritional and anthropometrical stance, is
BMI < 25kg/m? and %BF > 30%. Obesity is defined as
BMI > 25kg/m? and %BF > 30%. However, based on these
definitions, masked obesity is likely to be underestimated
[3]. We therefore searched for masked obesity within the
standard scale of 18.5-25kg/m? BMI and 17-30% %BF
(Table 1). Besides these categories, there is the rest that is
characterized as muscular build (white area in Figure 1).

To do so, an anthropometric method was developed for
evaluating masked obesity using a “masked obesity index”
(MOD).

2.3. Model of Mathematical Analysis. We know experientially
that there is a curved linear relationship between BMI and
%BF in the young woman population [3]. When creating a
model of mathematical analysis of the relationship between
BMI and %BF, the equation %BF = aBMI® can be applied
[3]. When the logarithm of both scales is used, the equation
becomes

log%BF = loga + blog BML (1)

When individual %BF and BMI are substituted in the re-
gression, loga is directly dependent on the deviation from
the regression line. The value a (i.e., %BF/BMI?), which is
converted by logarithmic function, is defined as the MOI.
Thus, this MOI can be used to estimate masked obesity using
a single variable. To calculate the MOI in the present study,
the subjects were classified into five groups based on %BF
(under 10%, 10-15%, 15-20%, 20-25%, and higher than
25% body fat), and the average BMI and %BF were then
fitted to a regression line in both logarithmic scales.
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TaBLE 1: The fundamental categories for obesity, masked obesity, standard, and leanness [3].

Category %BF BMI

Obesity %BF = 30% And BMI > 25 kg/m?

Maskedobesity %BF = 30% And BMI < 25 kg/m?

Standard 17% < %BF < 30% And 18.5 kg/m? < BMI < 25 kg/m?

Leanness %BF < 30% And BMI < 18.5 kg/m?

BMI: body mass index (wieght/height?, kg/m?)

%BEF: the percentage of body fat using by bioelectrical impedance, hydrostatic weighing, and skinfold measurement.

3. Results

The subjects’ ages, body weight, and height were 19.1 +
1.4 yrs (mean + standard deviation: (SD)), 51.3 = 6.8 kg, and
158.3 + 5.1 cm, respectively. These data are similar to other
observations in young Japanese women [1-4]. Judging from
the criteria shown in Table 1, the percentage of subjects in the
obesity group was 3.5% (282/8,068, green area in Figure 1)
and that of subjects in the masked obesity group was 7.4%
(596/8,068, light blue area in Figure 1).

The regression coefficient was calculated as 2.12 (r =
0.99); the MOI equation (a) was thus %BF/BMI*!2. Using
this equation, the MOI values in the masked obesity group
(n = 596) were calculated, and the distribution of MOI
was localized to the small range of 0.02 between 0.0300
and 0.0499, which included 91.1% of the subjects. As a
result, the mean MOI value in the masked obesity group
was 0.0444, suggesting that values higher than 0.0444 may
be indicative of masked obesity within the standard scale.
Thus, the equation was determined as y = 0.0444 - BMI*2,
We chose to classify subjects with MOIs higher than the
critical value of 0.0444 as being in the additional masked
obesity group within the standard scale (18.5 kg/m? < BMI <
25kg/m? and 17% < %BF < 30%). Based on the new baseline
of 0.0444 MOJ, the percentage of those with masked obesity
within the standard scale was 10.4% (836/8,068; subjects
designated as having “additional masked obesity,” dark blue
area in Figure 1). Consequently, the estimated total % of the
young Japanese woman population with masked obesity was
17.8% (10.4% plus 7.4%).

The percentage of the standard scale was 57.8%
(4,663/8,068) in total, which suggests that the standard scale
as a whole falls slightly below 60% (yellow area in Figure 1).
With respect to leanness (Table 1), the percentage of those
characterized by leanness, or a BMI below 18.5 kg/m?, was
18.9% (1,523/8,068, grey area in Figure 1) in total. Two
percent of the subjects (168/8068) were characterized as
women who have a muscular build (white areas in Figure 1).

4. Discussion

Using this mathematical and anthropometric technique, we
might have established an estimation of masked obesity. The
percentage of those with masked obesity within the standard
scale was 10.4%, and the total % of masked obesity in the
young Japanese woman population was 17.8% (10.4% plus
7.4%). It is not yet known whether masked obesity will in fact

become a serious problem in terms of its epidemiological,
biochemical, and pathophysiological issues.

An additional issue concerning the desire to be lean was
also detected in the present study because the percentage of
those characterized by leanness was 18.9%. Recently, it was
reported that excessive attempts to achieve slimness lead to
gynecological disorders such as anemia [7].

Based on the National Nutrition Survey of Japan (J-
NNS), the mean BMI has decreased slightly in women, by
—0.09 kg/m?/10 years [8]. Interestingly, Yamagishi et al. [4]
focused on the distribution of high %BF subjects within
the whole range of BMI values and found a percentage of
15.5% (94/605), of which the distribution in the normal BMI
range from <18.5 to >22.9 kg/m? with high %BF was 7.3%
(44/605). This 7.3% distribution in the normal BMI range
with high %BF was consistent with the masked obesity group
(7.4%) (Figure 1).

Recently, perceptions of overweight status and attempts
to lose weight were found to be highest in women from the
Pacific Asian countries compared to those from northwestern
Europe and the USA, central Eastern Europe, the Mediter-
ranean, and South America, indicating that local cultural
factors may moderate attitudes toward weight [9]. Japanese
women had the highest prevalence of perceived overweight
(63%), with Thailand second in the world [9]. Thus, we think
that Asian women are very sensitive to changes in their body
weight regardless of the balance of their body composition.
Figure 1 can be used to determine the category to which a
given young woman belongs.

Using an endocrinological approach, Karelis et al. [10]
introduce the endocrinological concept that in comparison
to metabolically normal normal-weight subjects, metabol-
ically obese normal-weight (MONW) subjects have higher
plasma triglycerides, high visceral fat, and lower high-density
lipoprotein (HDL) cholesterol, which is associated with
insulin resistance. The MONW group is also characterized
by lower physical activity and energy expenditure, which
leads to accumulating fat mass without the alteration of body
weight.

Recently, the associations between dietary patterns and
obesity among young Japanese women were investigated and
Japanese traditional food patterns and Western food patterns
were both found to be significantly related to an increased
risk of obesity even among relatively lean young Japanese
women [11]. Furthermore, following healthy food patterns
only allowed subjects to achieve a lower risk of obesity.
These findings suggest a higher possibility of masked obesity



within the standard scale between BMI and %BF in the
young Japanese woman population. Further investigations
are needed to identify the presence of health risk behaviors
in women with masked obesity.

The perception that “I never put on weight no matter
what I do” may correctly reflect a stable weight history, rather
than being a biological determinant of weight [12]. Thus,
intervention strategies aimed at reducing weight gain and
obesity in women may also need to focus on psychological
factors.

An additional issue concerning the desire to be lean was
also detected in the present study, because the percentage of
those characterized by leanness was high, at 18.9%. Takimoto
et al. [13] observed that the prevalence of thin women (BMI
< 18.5kg/m?) and extremely thin women (BMI < 17 kg/m?)
has increased significantly over a 25-year period among 15-
to-19-year olds. The Japan Ministry of Health, Labour and
Welfare (HLW) research group released a report based on the
2002 J-NNS showing that the percentage of women defined
as lean had more than doubled for those in their 20s, from
11.4% in 1982 to 26.0% in 2002, as well as for those in their
30s, from 8.1% in 1982 to 15.1% in 2002 (Japan Ministry of
HLW, 2003) [14]. The same report noted that about 75% of
the young Japanese woman population said that they wanted
leaner bodies, and 71% of women in their 20 s believed that
they tended to be obese, despite the fact that they had a
standard body composition (within the standard scale of
18.5-25 kg/m? BMI and 17-30% %BE, [3, 7]). Thus, it can
be stated that a great number of Japanese women want to
achieve a degree of slimness that may not be appropriate for
their body composition (i.e., the balance between lean body
mass and body fat mass) [15].

Body dissatisfaction was found to explain 29% of the
symptomatology of eating disorder in a sample of normal
college women [16]. Kuboki et al. [17] report that the
incidences of eating disorders among the 13-to-29 year-old
Japanese woman population are 20.4 to 25.3 per 10° for
anorexia and 12.8 to 13.6 per 10° for bulimia by analyzing
the 1992 data, which are extremely high rates compared
to those of other age groups. In addition, women who
adhere to a cultural rather than a medical standard of
ideal weight have three times the risk of developing eating
disorders such as anorexia or bulimia [6]. If we are to develop
effective strategies to prevent masked obesity and excessive
slenderness in the young Japanese woman population, it
is important to develop a better understanding of this
population’s eating and physical activity behaviors [18].

The limitations of the present study include the follow-
ing: the participants were all college-educated women, and
thus their results may not necessarily be generalized to a
wider range of populations of women. Although these data
of %BF were directly measured, there are methodological
differences in bioelectrical impedance, hydrostatic weighing,
and skinfold measurement. These three representative mea-
surements are currently widely used in Japan as a method to
estimate %BF in more diverse populations.

In conclusion, using a mathematical and anthropometric
method, we established a possible estimation of masked
obesity. The masked obesity is a specific type of obesity
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present in certain young Japanese women. The percentage
of those with masked obesity in the young Japanese woman
population was 17.8% (10.4% as determined by our method
plus 7.4% as determined by the standard method). An
additional issue concerning the desire to be lean was also
detected in the present study, as reflected by the high
percentage of subjects characterized by leanness (18.9%).
These findings suggested that Japanese young women who
make excessive attempts to achieve slimness may achieve
masked obesity (17.8%) or leanness (18.9%).
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