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Abstract

Background: A correct perception of the body image, as defined by comparison with actual anthropometric analy-
ses, is crucial to ensure the best possible nutritional status of each individual. Bioimpedance analysis (BIA) represents
a leading technique to assess body composition parameters and, in particular, the fat mass. This study examined the

inconsistencies by BIA.

preferred slimmer silhouettes. FAIAT

identification of groups at risk for eating disorders.

self-perception of body image at various levels of adiposity proposing a new index.

Methods: We investigated 487 young Italian adults (mean age of males: 21.9 4+ 2.4 years; mean age of females:
21.012.2 years). Each subject could choose, on the Contour Drawing Rating Scale, the silhouette that he/she con-
sidered most resembling his/her perceived body image as well as his/her ideal body image. On each subject, we
performed anthropometric measurements and determined the values of Fat mass and %Fat with BIA. A new index,
FAIAT (Feel fat status minus Actual fat status Inconsistency), was developed to evaluate possible fat status perception

Results: Based on ideal and feel body image comparison, women showed higher dissatisfaction than men and
values indicated that the fat status perception was correct in the majority of the
examined individuals and only three subjects showed a serious misperception.

Conclusions: Our findings suggest that FAI"\" is an appropriate index for assessing the perceived fat status from the
body image when compared with data obtained by BIA. In a population, the use of this index will allow the correct

Keywords: Body image, Bioimpedance, Anthropometry, FID, FAI

Background

An adequate nutritional status is essential to maintain
healthy conditions in singular individuals and popula-
tions. Malnutrition impacts the risk of disease, the course
of the disease, and enhances the risk of mortality [1-3].
The risk of morbidity and mortality increases particularly
with increasing abdominal fat [4], while the body mass
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index (BMI) alone does not represent an adequate pre-
dictive indicator of the individual health status [5-7].
Obesity is increasing worldwide and, particularly, in
industrialized countries [8]. In the same countries, there
is an increase in negative perception of the body image
and, consequently, an increase in eating disorders [9-13]
and unhealthy behaviors. Recent studies have demon-
strated an association between high BMI with body
image dissatisfaction and self-reported overvaluation of
the body size. This may lead to dietary concerns, depres-
sion and fear of weight gain [14, 15]. Other studies show
that a poor body image perception leads to poor self-
esteem with an increased risk of anxiety and depression
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[16, 17]. On the other hand, a self-image misperception,
as well as a depressive status, boosts the risk of eating
disorders [18, 19] and can lead to an unhealthy lifestyle,
increasing sedentary and poor nutritional habits [20,
21]. All these factors can result in malnutrition with
an increasing risk of disease and mortality [22]. In fact,
strong discrepancies between the perceived and the ideal
figure (dissatisfaction), as well as an incorrect self-image
of the body size (inconsistency), can result in inappropri-
ate behaviors, with serious and long-lasting implications
on the health of the individuals [23]. Conversely, a posi-
tive body perception is commonly associated with self-
esteem, optimism and a healthier nutritional behavior
[24, 25].

Thus, to evaluate the nutritional status of an individual,
we consider fundamental to explore his/her correct per-
ception of the body image based on the body size evalu-
ated through anthropometric methods. An objective
evaluation of the actual body size, and in particular of the
parameters of body composition, allows the individuals
to undertake appropriate corrective actions in terms of
diet and exercise, where necessary.

Body composition analysis can be carried out in adults
with clinically available methods, such as dual-energy
X-ray absorptiometry, Computed Tomography and Mag-
netic Resonance Imaging [26-29], yet anthropometric
techniques are those most widely used for their reliability
and simplicity of use.

Despite its utility in assessing conditions of malnutri-
tion, which are of growing importance in modern socie-
ties, body image self-perception in relation to body size
is still a poorly explored field. In 2014, Zaccagni et al.
[30] developed a new tool (the FAI index) that assesses
the perceived weight status, analyzing the figure chosen
as their actual and BMI in a sample of undergraduate
students. More recently, Cohen et al. [31] proposed an
index (body weight self-satisfaction index) similar to the
previous one on the basis of another Figure Rating Scale.
For the present study, we decided to evaluate in a large
sample of young adults the consistency of the body figure
perceived as actual with the fat status objectively assessed
by bioimpedance analysis (BIA). Although also this tech-
nique shows some few limits [32], BIA represents a lead-
ing method for body composition assessment and allows
with confidence the estimation of fat percentage (%F) in
obese individuals [29]. In addition, BIA is a more reliable
anthropometric method for adiposity status assessment
in comparison to BMI [33, 34].

Aim of this study was to propose a new index (FA
which relates the body image chosen as actual to body
composition parameters (Fat) obtained with BIA. We
took into consideration also possible differences of FAIFAT
between sexes. The FAI"AT index gives a simple score

IFAT)
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to discriminate a subject according to own fat-status in
underestimated, consistent or overestimated, allowing
to promptly identify who needs corrective measures to
solve any wrong nutritional behaviors.

Methods

Sample

We carried out a cross-sectional study on a sample of 487
Italian students in the Faculty of Medicine, Pharmacy and
Prevention at the University of Ferrara (North-Italy) by
convenience sampling selection. The students were 303
males (aged 21.9+2.4) and 184 females (aged 21.0 £2.2).

The criteria for inclusion among the participants were:
(1) being Italian; (2) being aged 18 years or older. Those
with diagnosed health problems which may interfere
with anthropometric measurements or body image per-
ception were excluded.

The study protocol was approved by the Ethics Com-
mittee for Biomedical Research of the Ferrara Univer-
sity. After receiving explanations about the objectives of
the study, the subjects of this survey provided written
informed consent.

Procedures

Stature and weight were measured according to standard-
ized procedures [35] by trained operators with a mechan-
ical scale (precision 0.1 kg, Seca) and a wall-mounted
stadiometer (precision 0.1 cm; Magnimeter, Raven
Equipment Limited, UK), respectively. BMI (weight/stat-
ure?, kg/m?) was calculated to define the weight status of
the subjects. According to the WHO classification, BMI
can be stratified into ‘underweight; ‘normal weight, ‘over-
weight’ or ‘obese; encoded respectively as 1, 2, 3 and 4.

Body resistance (ohm) and reactance (ohm) values
were taken for each subject by means of an Akern 101
Sport Edition analyzer (Akern, Florence, Italy), with a
right-sided tetrapolar electrode-placement in standard
conditions. Bioelectrical values were used to assess body
composition parameters, i.e. fat free mass (FFM, kg), fat
mass (FM, kg), and fat percentage (%F). FFM was calcu-
lated with the regression equation proposed by Kyle et al.
[36]. FM was calculated as weight—FFM and %F as (FM/
weight) * 100.

On the basis of %F and cut offs by sex and age proposed
by Gallagher et al. [37], the subjects were classified into
‘underfat, ‘normal fat) ‘overfat’ and ‘very overfat’ catego-
ries, respectively encoded as 1, 2, 3 and 4.

Body image perception was assessed by means of the
Contour Drawing Rating Scale [38]. For each sex, nine
silhouettes were proposed, numbered and sorted in
ascending order, from emaciated (silhouette 1) to obese
(silhouette 9). Each subject had the possibility to choose
the silhouettes closest to his/her own perception (Feel
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figure) and to his/her own ideal (Ideal figure) body shape.
Dissatisfaction in body image perception was calculated
as feel—ideal difference (FID) [39, 40].

The inconsistency between the body image percep-
tion (Feel figure) and the actual weight status assessed by
means of BMI was calculated as FAI (feel weight status
minus actual weight status inconsistency) [30].

To assess the inconsistency on the basis of body fat
assessment by BIA and the feel figure, we devised the
index FAI'AT (Feel fat status minus actual fat status
Inconsistency by BIA). FAI*AT uses the silhouette match-
ing technique as a proxy to verify whether there is a real-
istic fat status perception in the subject. The FAI*AT was
computed by subtracting the conventional code assigned
to the actual fat status of the subject (code: 1 for under-
fat, 2 for normal fat, 3 for overfat and 4 for very overfat,
as assessed by BIA) from the one corresponding to her/
his feel figure according to the following correspondence:
silhouettes 1 and 2 match fat status 1 (underfat); silhou-
ettes 3, 4 and 5 match fat status 2 (normal fat); silhou-
ettes 6 and 7 match fat status 3 (overfat); silhouettes 8
and 9 match fat status 4 (very overfat).

The FAI*AT scores range from —3 to +3: negative
FAI*AT values point to an underestimated fat status,
whereas positive FAI"AT values to an overestimated fat
status. A FAI*AT score of 0 means a consistent perception
of the own fat status.

Statistical analyses

Distribution normality was assessed by sex (Kolmogo-
rov—-Smirnov test). Comparisons between sexes were per-
formed using the t-test (for traits normally distributed)
or U Mann—Whitney test. Comparisons between fat sta-
tus categories was performed using Kruskal-Wallis non

FA|FAT
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%F
Fig. 1 Scatterplot representing the relationship between %F and
FAIATin females. Highlighted in grey the two risk zones
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Fig. 2 Scatterplot representing the relationship between %F and
FAIATin males. Highlighted in grey the two risk zones

parametric test (for traits not normally distributed) and
a Tukey’s post hoc test was used for comparisons among
groups. Comparisons between dependent samples were
carried out with Wilcoxon test. Categorical data were
analyzed by means of Pearson’s Chi square test. Com-
parisons among fat status categories were performed by
means of Kruskal-Wallis test. Spearman’s rank correla-
tion was used to evaluate associations between %F and
the new index FAI'AT, Next, linear regression analysis
was performed and visually inspected in order to identify
risk values of body misperception.

Values of p<0.05 were considered statistically signifi-
cant. All statistical analyses were performed using the
Statistica software, version 11.0 (StatSoft srl, Tulsa, OK).

Results

In Table 1, we summarized the mean anthropometric
values and the mean body image indicators derived from
the sample separately by sex. Regarding anthropometric
and body composition parameters, females were signifi-
cantly shorter and lighter than males, with significantly
lower mean values of BMI and FFM, and significantly
higher mean values of adiposity parameters (FM and
%F). The silhouettes chosen by males were, on average,
significantly bigger than those chosen by females both in
term of Feel and Ideal figures. Females reported a signifi-
cantly higher FID value than males, which demonstrated
in young women a higher dissatisfaction due to their wish
to be slimmer than they actually were. In any case, both
sexes preferred an Ideal figure which was significantly
thinner than their own (p=0.0401 in males; p<0.0001
in females). Nevertheless, both sexes demonstrated a
good perception of their body, as revealed by the values
close to 0 of the FAI and FAI*T indices, although females
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Table 1 Anthropometric characteristics, body image
perception, weight-status and fat-status by sex
Traits Males, n=303 Females,n=184 p
Stature (cm) 1783+£69 163.7£6.2 <0.0001°
Weight (kg) 7561104 595483 <0.0001°
BMI (kg/mz) 23.8+28 222428 <0.0001?
FFM (kg) 60.7+£6.6 41.5£55 <0.0001°
FM (kg) 148+56 172+50 <0.0001°
F % 19.1+£49 287453 <0.0001°
Feel figure 53411 50+12 0.0030°
Ideal figure 52405 39409 <0.0001°
FID 0.13+1.07 1.09+£0.98 <0.0001°
FAI 0.194£0.54 0.254+0.55 0.3226°
FAIFAT —0.06+060 0.15+058 0.0004°
Weight status n (%) n (%) <0.0001¢

Underweight 5 (1.7%) 16 (8.9%)

Normal weight 221 (73.7%) 145 (80.6%)

Overweight 64 (21.3%) 15 (8.3%)

Obese 10 (3.3%) 4(2.2%)
Fat status n (%) n (%) <0.0001¢

Underfat 3(1.0%) 15 (8.8%)

Normal fat 167 (57.4%) 122 (71.8%)

Overfat 89 (30.6%) 28 (16.5%)

Very overfat 32 (11.0%) 5(2.9%)

@ Student’s t-test
b Kruskal-Wallis non-parametric test
¢ Chi-Squared test

showed a slight tendency to see themselves as fatter (pos-
itive FAIFAT values) and males as thinner (negative FAI™AT
values) than they actually were (Table 1). When we made
a comparison between the mean FAI and FAI*AT values
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within the two groups, the differences resulted significant
(FAIvs FAI*AT:  <0.0001 in males; p =0.0147 in females).

In Table 1, we also reported the absolute and relative
frequencies of weight- and fat-status found in our sample,
divided by sex. The differences between sexes were signif-
icant in both weight- and fat-status percentages. All post
hoc group-wise comparisons, apart from obese, in weight
status were significant (p<0.01). Among the males, we
observed a higher percentage of overweight, overfat and
very overfat subjects, while among females a higher num-
ber of under- and normal weight, underfat and normal
fat.

Table 2 shows the mean results of the body image per-
ception scores divided by sex and by fat status categories.
In both sexes, the mean Feel figures significantly differ
between the different categories, increasing in value as
the %F increases. In contrast, the mean Ideal figure cho-
sen is similar for all categories in males, while its score
significantly increases in value within the fat categories
in females. Mean FID values increase with increasing
body fat, both in males and females. However, females
reported lower dissatisfaction than males in the under-fat
groups, but higher in the other fat categories and all of
them wished to be thinner, while under fat and normal
fat males preferred a higher number in the body image
rating scale. The mean FAI values, that indicate the con-
sistent perception of themselves on the basis of BMI, are
significantly different within the fat categories only in
males. However, in both sexes and in all categories with
the exception of very overfat females, the mean FAI val-
ues are positive (indicating an overestimation of their
own weight-status), or close to 0 (indicating a general
consistent perception of themselves). Moreover, the dif-
ference in FAI values is significant only between normal
fat and overfat males (p=0.0106). In fact, while overfat

Table 2 Body image perception by sex and fat-status categories

Traits Underfat, Mean £ SD Normal fat, Mean = SD Overfat, Mean &= SD Very overfat, Mean +SD

Males n=3 n=165 n=289 n=32 p®
Feel figure 4.001+0.00 481097 5814084 0.6440.72 <0.0001
Ideal figure 5.00£0.00 513£0.55 5244050 531+£053 0.2104
FID —1.00£0.00 —032+£093 0.57+0.84 1.33+£0.88 <0.0001
FAI 0.00£0.00 0.13+0.51 0.35+0.55 0.12+0.71 0.0153
FAIPAT 1.00£0.00 0224045 —0.29£046 —0.97£040 <0.0001

Females n=15 n=122 n=28 n=>5 p®
Feel figure 387+£1.25 483+0.99 5.77+0.88 7204045 <0.0001
Ideal figure 3404£1.18 3.821+0.80 4.13£0.88 520+0.84 0.0018
FID 047£155 1.01£0.86 1.64£061 200£0.71 0.0001
FAI 0.07+£0.70 0.30+0.50 029+0.53 —040£0.89 0.0764
FAIFAT 0.804041 0.23£046 —0434£050 —0.80+045 <0.0001

@ Kruskal-Wallis non-parametric test
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males had higher FAI values, the other fat categories had
values of FAI very close to each other, indicating a similar
perception of their fat.

When considering the FAIFAT, the mean values are sig-
nificantly different between the fat categories with the
highest values (both positive and negative) in the outer-
most groups (positive in underfat and negative in very
overfat), indicating a higher inconsistency between actual
body fat and the Feel figure. Compared with FAI, the
FAIFAT values resulted significantly different (Wilcoxon
test; p<0.05) in all the fat groups and in both sexes,
except in underfat males and in very overfat females
(Table 2).

The majority of the male students chose the silhou-
ettes 5 and 6 (Table 3) to define their perceived body
image (feel figure), whereas their mean BMI and F% fall
within the range of normal weight and normal fat. In
fact, as demonstrated by the mean FAI and FAIFAT val-
ues, they generally overestimated their body size and
underestimated their body fat. The female students chose
prevalently silhouette number 4 and 5 (Table 3) as their
perceived body image (Feel figure), which is in accord-
ance with their mean weight- and fat-status. In general,
females tended to fat overestimation (FAI"AT values > 0),
whereas males to fat underestimation (FAI"T values <0).
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This aspect has been analysed more in detail in
Table 4, which shows the frequencies of the subjects,
divided per fat-status and sex, that underestimated
(FAIFAT <0), overestimated (FAIFAT>0) or had the right
perception (FAIFAT =0) of their own body fat. Most males

Table 4 Body image perception inconsistency by sex
and fat-status categories

Fat categories FAIFAT<0 FAIFAT=0 FAIFAT> 0
Underestimation, Correct Overestimation,
n (%) perception, n (%)
n (%)
Males
Underfat 0(0.0) 0(0.0) 3(100)
Normal fat 2(1.6) 124 (97.6) 1(0.8)
Overfat 26 (28.9) 64 (71.1) 0(0.0)
Very overfat 29 (90.6) 3(94) 0(0.0)
Total 57 (22.6) 191 (75.8) 4(1.6)
Females
Underfat 0(0.0) 3(20.0) 12 (80.0)
Normal fat 1(0.8) 92 (75.4) 29 (23.8)
Overfat 12 (42.9) 16 (57.1) 0(0.0)
Very overfat 4 (66.7) 2(33.3) 0(0.0)
Total 17 (9.9) 113 (66.1) 41 (24.0)

Table 3 Percentage of feel and ideal figures selected by males and females separately and mean BMI, %F, FAl index
and FAI"AT index of subjects that chose each silhouette as their feel

Silhouette Feel, n (%) Ideal, n (%) BMI, Mean£SD %F, Mean £ SD FAl, Mean £ SD FAIFAT, Mean £ SD
number
Males
0(0.0) 0(0.0) - - - -
2 2(0.7) 0(0.0) 185409 122411 —05040.70 —1.00£0.00
3 7(2.3) 2(0.7) 209420 16.444.1 0.14+038 —0.14+038
4 65(21.7) 113.7) 212416 158440 0054021 —0034035
5 91 (30.3) 215 (72.1) 234417 177435 —0.12+036 —0294050
6 89 (29.7) 68 (22.8) 245421 209438 0634053 0.2540.64
7 42 (140) 2(07) 277425 241446 0144061 —0244073
8 4(13) 0(0.0) 307446 332468 0504058 0.0040.00
9 0(0.0) 0(0.0) - - - _
Females
1 0(0.0) 1(0.5) - - - -
2 5(28) 5(2.7) 183+1.1 193462 — 0604055 —0254050
3 10 (5.6) 55(30.2) 185412 237449 0704048 0304048
4 43(239) 76 (41.8) 205416 259448 0164037 0024027
5 69 (38.3) 40 (22.0) 221420 281452 0.0340.24 —0.06+051
6 36 (20.0) 6(33) 236+15 307433 0824038 0714046
7 17 (94) 0(0.0) 256430 334477 0334077 0004073
8 0(0.0) 0(0.0) - - - -
9 0(0.0) 0(0.0) - - - _
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demonstrated a right perception of their body, especially
those with normal fat and overfat status. The three sub-
jects in the category “underfat” overestimated their body
fat, while the majority of the very overfat subjects under-
estimated it. Also, the majority of females had a good
perception of their body, even if 24% of them tended to
overestimate it and just 10% to underestimate it. In par-
ticular, the majority of normal fat females had a right
perception of their body, meanwhile underfat females
saw themselves fatter and very overfat females saw them-
selves thinner than they were.

In general, the higher percentage of students who
underestimated their body fat is among overfat subjects
of both sexes (males: 45.6%; females: 70.6%) and very
overfat male subjects (50.9%). Notably, among those who
overestimated their body fat, there were 75.0% of under-
fat males and 70.7% of normal fat females (Table 4).

Given the highly significant negative correlations
between FAI*AT and %F in both sexes of the exam-
ined sample (males: r=—0.5013; females: r=—0.3564;
p<0.0001), we performed a regression analysis identify-
ing body misperception for subjects with FAIAT >2 or
<—2 (Figs. 1 and 2) in accordance with previous stud-
ies [41, 42] on the interpretation of perceived figure (Feel
figure) and actual anthropometric values. In particular,
only one subject from the female subsample (Fig. 1) had
FAIFAT =2: this normal fat young woman misperceived
her body as very overfat (FAI"AT=Feel fat status 4—
actual fat status 2=2). In the male subsample (Fig. 2),
there were two overfat subjects with FAIFAT = —2, mis-
perceiving their body as normal fat (FAIFAT = Feel fat sta-
tus 2—actual fat status 4= —2).

Discussion

In this study, we examined the body composition and the
body image perception of a sample of Italian University
students and we proposed a new index, FAI**T, in order
to evaluate the inconsistency between the perceived body
image and the measured fat status.

Our findings on this sample, in which both sexes are
well represented, suggest that the body image percep-
tion, used as a proxy and measured by the fat status in
relation to the estimated body image, was adequate in
most subjects. With the exception of three individuals
over the entire sample (0.6%), all the considered sub-
jects had a consistent perception of their body with a
general tendency to fat overestimation in females and
to fat underestimation in males. In particular, according
to the new proposed index, under-fat students of both
sexes overestimated their body fat and over-fat students
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underestimated their body fat, suggesting that individu-
als from extreme groups poorly assess their body fat.

More in general and in accordance with literature in
the field [11, 12, 43], the analysis of body image percep-
tion shows that females were higher dissatisfied than
males and preferred slimmer silhouettes than males did.
Almost 23% of males chose silhouette 6 (representing
overweight/overfat) as their ideal. The reason might be
that they misunderstood this silhouette interpreting it as
a more muscular body image, as reported also by other
studies [44].

This new index (FAI*AT) and the other one previously
proposed (FAI) [30] assess the inconsistency between
the body image perception and the actual size of an
individual. Nevertheless, the first (FAI'AT) evaluates the
inconsistency on the basis of fat status (%F), while the
latter on the basis of weight status (BMI). In the present
study, the %F was derived from the analysis of bioelectric
impedance (BIA). While BMI tends to overestimate sub-
jects with a high level of fat-free mass [45], the fat status
does not seem to be affected by the same limitations and
can be applied even on athletes. A further development
of this study will consider applying FAI AT to body com-
position parameters obtained using different methodolo-
gies (e.g., plicometry). The bias between FAI and FAIFAT
is confirmed by our results with FAI showing almost all
positive values, and FAIFAT positive values (indicating
overestimation) prevalent in lower fat categories and
negative values (indicating underestimation) in the over-
fat and obese categories.

Conclusions

Our new proposed index contributes to the literature a
proxy measure of general appropriateness of body image
perception according to fat status. Since this index is
based on the fat component of the body, its analysis
implies that interventions on eating disorders could be
more effective by simultaneously monitoring the evo-
lution of body composition and body perception of the
patients. This approach might achieve greater success in
combating eating disorders.

In conclusion, we deem that further research into
health risk is necessary and urgent, especially with regard
to non-communicable diseases [46, 47]. At a population
level, the assessment of body perception and composition
by FAI*AT ensures an easy identification of sub-groups
in risk zones with the view to monitor and correct their
health situation. This control strategy is particularly
important to avoid health risk behaviors in case of under
fat and over fat people misperceiving their fat status.
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BIA: bio-impedance analysis; BMI: body mass index; FAI: feel weight status
minus actual weight status inconsistency; FAIT: feel fat status minus actual fat
status inconsistency assessed by BIA; FFM: fat free mass; FID: feel ideal differ-
ence; FM: fat mass; %F: fat percentage; SD: standard deviation.
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