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Abstract 23 

Objectives: This study aims to investigate the association between self-perceived body image and 24 

body composition. 25 

Methods: The study sample consisted of 632 Spanish adults (238 men and 394 women), aged 20-26 

30 years. Figure scale BIA-O designed by Williamson et al. (2000) was used to evaluate current 27 

body size (CBS). Anthropometric measurements (height, weight, arm, waist and calf 28 

circumferences) were taken. Bioelectrical values of resistance (R, ohm) and reactance (Xc, ohm) 29 

were obtained using a phase-sensitive 50 kHz bioelectrical impedance device. Specific BIVA 30 

analysis, which corrects bioelectrical values (Rsp, Xcsp, Zsp, ohm cm) for body height and body 31 

geometry, was applied. 32 

Results: CBS was positively correlated with bioelectrical values in both sexes (Rsp men: r= 0.378, 33 

p<0.001; Rsp women: r= 0.482, p<0.001; Xcsp men: r= 0.352, p<0.001; Xcsp women: r= 0.444, 34 

p<0.001; Zsp men: r= 0.425, p<0.001; Zsp women: r= 0.483, p<0.001), with the exception of phase 35 

angle (men: r= 0.020, p=0.630; women: r= 0.073, p=0.152). Confidence ellipses showed a strong 36 

association between silhouettes and body composition: bigger silhouettes were characterised by 37 

longer vectors, i.e. higher %FM. The association was clearer in women. 38 

Conclusions: A good agreement between body composition and the self-perceived body image was 39 

observed in in both sexes, especially in women. CBS was strongly related to adiposity, but not to 40 

muscularity. Williamson’s silhouettes appear to be a suitable technique to give information about 41 

nutritional status in epidemiological studies in men and women. 42 

 43 

 44 

 45 

 46 
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Introduction 47 

Body image is a multidimensional concept that includes subjective beliefs and feelings about 48 

physical appearance (1). It is influenced by factors such as sex, age, ethnicity, personality, family, 49 

media and nutritional status.  50 

The study of body image is based on different methods, such as interviews, questionnaires and 51 

silhouette collections (2). Silhouettes generally include a range of body figures that represent 52 

increments in weight, from very thin to very obese (e. g. Williamson et al. (3)). They are usually 53 

used to assess self-perceived and ideal body image and body image satisfaction, for detecting 54 

obesity and thinness (4) and for nutritional assessment in epidemiological studies. Silhouettes are 55 

also used in the study of body image alterations in obese patients before and after weight loss, and 56 

in the assessment of behaviours related to body image (e.g. level of physical activity, eating 57 

behaviours, etc.) and their impact on physical and mental health (5). 58 

It has been pointed out that men and women may perceive the silhouettes differently. In fact, 59 

according to literature, men would tend to identify larger silhouettes with higher content of muscle 60 

mass, while women would associate them with fat mass (6,7). Hence, at the biological level, 61 

differences in body image perception between men and women should be explained not only in 62 

relation to weight status, but also in relation to body composition. 63 

However, up to the present day, silhouette collections have been compared to the percentage of fat 64 

mass calculated using anthropometric techniques to (e.g. (8,9)), or body mass index (BMI) (e.g. 65 

(3,10)). Although BMI is recognised as a valid epidemiological indicator of nutritional status and 66 

obesity (11), it is unable to discriminate between Fat Mass (FM) and Fat-Free Mass (FFM). To our 67 

knowledge, no studies have examined the association between body image assessed by silhouettes 68 

and body composition evaluated using an accurate technique. 69 

Specific Bioelectrical Impedance Vector Analysis (BIVAsp; (12,13)) is a new methodology that has 70 

been validated against DXA and has demonstrated to accurately evaluate body composition. 71 
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Specific BIVA is based on the direct analysis of row bioelectrical data, adjusted for body length and 72 

transverse areas and projected as a vector in a Cartesian plane, without the need for predictive 73 

equations or assumptions on body composition. The vector length is positively related to the 74 

relative content of fat mass (12,13), while phase angle is positively related to body cell mass and 75 

integrity (14), and to intracellular water/extracellular water (ICW/ECW) ratio (12,15), thus giving 76 

information on skeletal muscle mass. Specific BIVA has shown to be able to detect different 77 

quantities of body fat in individuals with similar BMI (16). 78 

The aim of this study was to assess the association between the self-perceived body image, 79 

evaluated through silhouettes, with body composition, evaluated by means of specific BIVA, in a 80 

sample of early adults, and to analyse if the association is different between sexes.  81 

Methods 82 

Subjects 83 

This cross-sectional sample included 632 early adults from the Basque Country (Spain), 238 men 84 

and 394 women, aged 20-30 years (mean ages: 23.1 ± 2.36 and 22.5 ± 2.25, respectively). Data 85 

were collected at the University of Basque Country (UPV/EHU) (Spain). Participants were 86 

informed about the study design and signed their consent before the examination. Experimental 87 

protocols were approved by the Ethics Committee for Human Research (CEISH) of the UPV/EHU. 88 

Anthropometric and bioelectrical measurements 89 

Anthropometric measurements (height, cm; weight, kg; waist arm and calf circumference, cm) were 90 

taken following standards procedures (17). BMI was calculated as weight/ height2 (kg/m2). 91 

Bioimpedance measurements were taken with a single-frequency phase sensitive impedance device 92 

(BIA 101 Anniversary, Akern, Florence, Italy). For each session the BIA device was checked with a 93 

calibrated circuit (R = 380 Ω, Xc = 47 Ω; ±2% error). Following standard procedures, subjects were 94 

asked to not drink and eat and void their bladder before the evaluations. Measurements were taken 95 



5 
 

in an isolated cot with the volunteer in a supine position. Two pairs of detector and injector 96 

electrodes were placed in the right side of the body: on the hand and wrist, and on the foot and 97 

ankle, respectively. 98 

The specific bioelectrical impedance vector analysis was applied (BIVAsp; (12,13)) to determine 99 

body composition. To minimize the effect of conductor dimensions specific BIVA adjusts 100 

bioelectrical values (R, Xc; Ω) for a correction factor (A/L): A is the area estimate (0.45 arm area + 101 

0.10 trunk area + 0.45 calf area, cm2), with the segments area (arm, trunk and calf) calculated as 102 

C24π, where C (cm) is the circumference of each segment, and L is the length estimate, calculated 103 

as 1.1H, where H is the height in cm. Specific impedance (Zsp) was calculated as (Rsp2 + Xcsp2)0.5 104 

(Ω cm) and phase angle (PA) using the formula: arctan Xc/ R180/π (degree). 105 

Body image 106 

The figure scale BIA-O designed by Williamson et al. (3) was used to evaluate the current body size 107 

(CBS). Following the Williamson et al. (3) procedures, 18 silhouettes for each sex, ranging from 108 

very thin (number 1) to vey obese (number 18), were administered to participants and they were 109 

asked to choose the silhouette which was closest to their usual appearance. Based on the absence or 110 

low frequencies in the choice of silhouettes number 1 and numbers 12 to 18, 18 participants (seven 111 

men and eleven women) were excluded from the analysis. 112 

Statistical analyses 113 

Mann-Whitney U test was employed to evaluate sex differences in the chosen CBS. The 114 

associations between CBS and bioelectrical measurements were investigated by using Spearman 115 

correlation analysis. The relation between silhouettes and body composition was also studied using 116 

confidence ellipses by means of Hotelling's T2. The differences between sexes and among groups 117 

representing subjects choosing two silhouette types (I= silhouettes 2-3; II= silhouettes 4-5; III= 118 

silhouettes 6-7; IV= silhouettes 8-9; V= silhouettes 10-11) were analysed using a two-way ANOVA. 119 
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Statistical analyses were performed using the SPSS program and the specific BIVA software 120 

(www.specificbiva.unica.it). 121 

Results 122 

The sample showed a normal nutritional status in mean, as indicated by the BMI within the range of 123 

normal weight (men: 23.60 ± 2.58; women: 22.33 ± 2.82), and the waist circumference values were 124 

below the thresholds for abdominal obesity (men: 79.28 ± 6.74; women: 69.61 ± 2.58). Only 14 125 

participants (seven in each sex) were obese (BMI > 30 kg/m2).  126 

The individual bioelectrical values were normally distributed on the tolerance ellipses representing 127 

the variability of the young adult Spanish population (18): 53.7% of men and 59.3% of women fell 128 

within the 50% tolerance area; 78.8% of men and 85.1 % of women within the 75% area; 94.8% of 129 

men and 95.6% of women in the 95% area; 17 women (4.4%) and 12 men (5.2%) fell outside the 130 

95% tolerance ellipses. 131 

The sample showed a normal pattern of sexual dimorphism, with men characterized by higher 132 

height, weight, BMI, PA, and lower Rsp and Zsp compared to women (Table 1). Sexual differences 133 

were observed also in the CBS choice (p<0.001): men tended to choose larger silhouettes than 134 

women; the most chosen silhouette by men was the number 6 (18.2%) and by women was the 135 

number 4 (22.7%). 136 

In both sexes, individuals choosing different groups of silhouettes showed similar height and PA 137 

values, while weight, BMI, Rsp, Xcsp, Zsp were significantly different, with greater values in those 138 

choosing bigger silhouettes (Table 1). In fact, bioelectrical variables were positively correlated with 139 

the silhouettes in both sexes (Rsp men: r= 0.378, p<0.001; Rsp women: r= 0.482, p<0.001; Xcsp 140 

men: r= 0.352, p<0.001; Xcsp women: r= 0.444, p<0.001; Zsp men: r= 0.425, p<0.001; Zsp 141 

women: r= 0.483, p<0.001), with the exception of PA, which was not correlated (men: r= 0.020, 142 

p=0.630; women: r= 0.073, p=0.152). Confidence ellipses (Figure 1) representing groups of chosen 143 

silhouettes also showed the good association with body composition, as the groups corresponding to 144 
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bigger silhouettes were associated with longer vectors. The comparisons between subsequent 145 

groups were significant, with the exception of I-II groups in men (silhouettes 2 to 5), and IV-V 146 

groups in women (silhouettes 8 to 11). The association between Rsp and Xcsp with the selected 147 

silhouettes was more regular and defined in women, as indicated by the significant interaction 148 

between sex and group of silhouettes and the distribution of the ellipses in the RXc graph (Table 1 149 

and Figure 1). 150 

Discussion 151 

In the analysed sample of young and normal weight individuals, current body size, estimated by 152 

Williamson's silhouettes, is associated with body size and composition variations in both sexes, 153 

especially in women. In fact, obtained results exhibited a positive and significant correlation 154 

between CBS and bioelectrical variables, particularly with Rsp, Xcsp, and Zsp, while PA was not 155 

correlated. According to specific BIVA (12,13), these associations indicate that individuals choosing 156 

bigger silhouettes are characterised, in mean, by higher %FM values (as indicated by longer 157 

vectors), but similar muscle mass (similar phase angles). The results also showed a positive 158 

relationship with BMI and weight, as their values increase as silhouette groups do, whereas height 159 

remains stable. 160 

Previous studies, using different populations and figure collections, have already established a 161 

robust relationship between BMI and silhouettes collections, (e.g. (4,19)). Since specific BIVA 162 

method is able to recognize differences in body composition that are not detected by BMI (16), this 163 

study has allowed us to clarify that the association is related to the fat mass component of the body, 164 

and not to the muscular one.  165 

This is particularly evident in women, who interpreted silhouettes as a progressive increase in body 166 

fat, showing a more continuous increase of the vector length. Men understand silhouettes in the 167 

same way, but less clearly, as indicated by the less defined trend of confidence ellipses and by the 168 

interaction between sex and vector length. 169 
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Our research on current body size differs from the results obtained by McCabe and Ricciardelli (20) 170 

and Frederick et al. (6) on ideal body images, showing that men would tend to choose body 171 

silhouettes in relation to their desire to gain muscle. In fact, in our sample, we only observed a weak 172 

indication of a similar sex difference. It is possible that the differences are stronger for ideal than for 173 

current body image. Hence, more studies are needed to better understand this relationship, focusing 174 

on particular populations with higher contents of muscle mass, such as athletes. 175 

In conclusion, Williamson’s silhouettes collection used to assess the current body size is strongly 176 

related to body composition, particularly to adiposity and not to muscularity. The relationship is 177 

similar in both sexes, but more evident in women. Williamson’s silhouettes appear to be a suitable 178 

technique to give important information about nutritional status, especially about %FM, in 179 

epidemiological studies. 180 

This research has some limitations. The cross-sectional nature of the study and that the results are 181 

population, setting and time-specific. However, the main strength of the present study is that it 182 

represents the first attempt to analyse the association of body image perception by using silhouettes 183 

with body composition evaluated by means of an accurate technique. In addition, the sample 184 

includes both sexes, and the age range corresponds to a period in the human lifespan characterised 185 

by a relative physical stability, so age may have a limited influence on body image perception and 186 

body composition. 187 
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Figure Legend 248 

Figure 1. Total body specific BIVA confidence ellipses. Comparison between groups of CBS 249 

silhouettes (I= silhouettes 2-3; II= silhouettes 4-5; III= silhouettes 6-7; IV= silhouettes 8-9; V= 250 

silhouettes 10-11). 251 

 252 



Table 1. Descriptive statistics and two-way ANOVA of bioelectrical and anthropometrical values by groups of CBS silhouettes.

  

Men (N= 231) Women (N= 383)       

I II III IV V I II III IV V ANOVA 

Mean  s.d. Mean  s.d. Mean  s.d. Mean  s.d. Mean  s.d. Mean  s.d. Mean  s.d. Mean  s.d. Mean  s.d. Mean  s.d. Fsex Fgroup Fsex·group

Height (cm) 175.02 7.24 175.62 6.12 175.32 5.78 176.99 5.90 176.72 4.28 162.23 5.07 161.68 5.41 161.96 6.31 163.66 6.36 161.41 5.60 0.000 0.163 0.884 

Weight (kg) 65.94 8.01 68.39 6.86 73.56 7.28 82.51 9.90 85.29 7.03 52.61 5.11 56.86 5.61 60.27 8.02 67.13 8.76 72.89 11.56 0.000 0.000 0.313 

BMI (kg/m2) 21.46 1.50 22.16 1.69 23.91 1.74 26.29 2.45 27.33 2.61 19.96 1.42 21.75 1.89 22.93 2.26 25.06 2.89 27.92 3.68 0.002 0.000 0.084 

Rsp (ohm·cm) 316.99 32.48 311.47 24.35 331.41 38.93 352.67 40.26 380.07 55.21 346.90 35.20 367.45 36.71 382.27 50.14 424.06 52.04 445.38 50.87 0.000 0.000 0.009 

Xcsp  (ohm·cm) 42.93 6.15 43.11 4.90 45.98 6.70 49.21 5.46 49.77 9.30 40.11 6.27 42.93 5.58 44.87 6.97 50.38 7.02 52.82 8.07 0.978 0.000 0.126 

Zsp  (ohm·cm) 319.92 32.77 314.46 24.53 334.62 39.25 356.10 40.52 383.35 55.72 349.24 35.52 369.97 36.88 384.92 50.44 427.06 52.31 448.56 51.03 0.000 0.000 0.009 

Phase (°) 7.72 0.79 7.89 0.70 7.91 0.75 7.96 0.48 7.45 0.84 6.59 0.67 6.68 0.67 6.70 0.63 6.79 0.64 6.79 0.89 0.000 0.166 0.503 

Groups: I= silhouette 2-3; II= silhouette 4-5; III= silhouette 6-7; IV= silhouette 8-9; V= silhouette 10-11. 

BMI, body mass index; Rsp, resistance; Xcsp, reactance; Zsp, vector length; PA, phase angle. 

 




	Article File
	Table 1
	Figure 1



