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Abstract: This study aimed to assess the physical characteristics of elite international soccer referees, compare 
them with other referee populations in the literature, and establish reference tolerance ellipses for the 
bioelectrical impedance vector analysis (BIVA) point graph. Forty-one elite international soccer referees (age 
38.8 ± 3.6 years) participated in the study. the participants underwent body composition assessments, including 
dual-energy X-ray absorptiometry, BIVA, and somatotype. The Somatotype Attitudinal Distance (SAD), the 
two-sample Hotelling’s T2 test, and the Mahalanobis test were used to determine somatotype and bioelectrical 
vector differences with the literature. The average somatotype of the referees was a balanced mesomorph (2.8, 
6.5, 2.8). Elite international referees significantly differed from other samples in the literature (SAD = 2.1, 2.6, 
2.9 with respect to Zimbabwean, Brazilian, and South African referees, respectively). The bioelectrical vector 
was significantly different from the general population (T2 ≤ 76.6; F = 38.8; D = 1.44; P < 0.001) and athletes (T2 
≤ 25.3; F = 12.6; D = 0.8; P < 0.001). Somatotype values and tolerance ellipses from this study may be useful as a 
reference for developing training programs and improving the selection process of referees in soccer. 
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1. Introduction 

In recent years, many studies investigated the physiological and cognitive profile of soccer 
referees. Top-level referees generally cover a distance of 10,000-13,000 m, 10% at high intensity, and 
experience several accelerations at maximal or near maximal intensity [1,2]. In addition, referees must 
make decisions, have control of the match, and evaluate situations under intense psychological 
pressure [3–5]. Indeed, referees exhibit diminished cardiac autonomic control from 5 h before the 
match up to 10 h post-match, probably due to significant psycho-physiological stress [6]. Both the 
physical and mental load of football refereeing require good physical fitness, of which body 
composition is a crucial factor [7]. However, this aspect is still underdeveloped in the literature. For 
example, elite referees (FIFA) show lower body mass index (BMI) and fat mass percentage than 
previously reported in Premier League referees [8,9], probably due to the increasing intensity of the 
football matches experienced in recent years. This trend was also evident in an eleven-year 
retrospective study on 470 Spanish elite football referees, which reported a decrease in BMI skinfolds 
thickness [10]. Our recent study of 43 elite international referees found a balanced mesomorph 
dominant somatotype pattern [11], similar to previous findings in Zimbabwean referees [12] and in 
contrast to results from Brazilian [13], Chilean [14], and South African [15] referees.  

Interest in bioelectrical impedance vector analysis (BIVA) has recently grown in the scientific 
literature [16], and references have been developed for both the general [17] and diverse populations 
of athletes [18–23]. However, there is a lack of BIVA studies on soccer referees. Considering the rapid 
evolution of football in recent years and how match officials' physical and physiological profile has 
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changed, it is necessary to have up-to-date benchmarks, possibly on the best-performing population. 
Thus, the present study aimed to determine the morphological characteristics of an international elite 
soccer referees’ sample, according to the somatotype and the BIVA methods, compare it with other 
samples in the literature and develop reference tolerance ellipses for the BIVA point graph. We 
hypothesized that the current sample would show better morphological characteristics than those 
already described in other studies and, for this reason, should be considered as a reference for 
investigators and practitioners. 

2. Materials and Methods 

2.1. Study population and procedures 

The study population and procedures of this secondary analysis were described elsewhere [11]. 
Briefly, the sample consisted of 43 elite international soccer referees (age 38.8 ± 3.6 years) from 6 
confederations enrolled during a seminar held in the Federal Technical Center of Coverciano (Italy) 
in April 2018, during the competitive season. Participants underwent body composition, including 
somatotype and BIVA. The anthropometrical assessment was described previously [11]. Regarding 
the BIVA, the impedance measurements were performed using BIA (BIA 101 Anniversary, Akern, 
Florence, Italy) with an electric current at a frequency of 50 kHz. The device was calibrated in the 
morning following the manufacturer’s instructions. Measurements were made on an isolated cot 
from electrical conductors. Participants were lying in the supine position with a leg opening of 45° 
compared to the median line of the body and the upper limbs, distant 30° from the trunk. After 
cleaning the skin with alcohol, two electrodes (Biatrodes Akern Srl, Florence, Italy) were placed on 
the right hand back and two electrodes on the neck of the corresponding foot [24]. Bioimpedance 
vector analysis was carried out using the BIVA method, normalizing resistance (R) and reactance (Xc) 
parameters for H in meters [24]. Bioelectrical phase angle (PA) was calculated as the arctangent of 
Xc/R × 180°/π [25]. The study was designed and conducted in accordance with the Helsinki 
Declaration. The ethics committee of the Italian football association approved this study and all the 
participants signed written informed consent prior to their inclusion in the study (approval code: 
03032018). 

2.2. Statistical analysis 

The normality of the data was verified by applying the Shapiro–Wilk test, and descriptive 
statistics were calculated for each independent variable, as reported in table 1. All variables followed 
the Gaussian distribution. Two participants were excluded from the final sample due to the lack of 
bioelectrical parameters (n = 41). The somatotype attitudinal distance (SAD) was calculated to 
compare the current sample with first-division Zimbabwean referees and assistant referees [12] and 
national and regional-level Brazilian referees [13]. A SAD ≥ 2 was assumed as a distance statistically 
different between two somatotype means [26]. Each participant was plotted in the tolerance ellipses 
(50%, 75%, and 95%) of the Italian reference population [24]. A two-sample Hotelling’s T2 test was 
used to determine the BIA vector differences with respect to the reference population [24] and the 
athletic population [17], as well as to determine differences between somatotypes. Distances between 
ellipses were calculated by the Mahalanobis test [27]. A p-value < 0.05 was considered significant. 
BIVA software [27] was used to plot and compare the bioelectrical parameters and compute the 
tolerance ellipses (50%, 75%, and 95%) of the investigated sample.  

Table 1. General, anthropometric, and bioelectrical characteristics of the international-level elite 
referee. 

Variable Mean SD Minimum Maximum 

Age (years) 38.8 3.6 29.5 44.1 
Body mass (kg) 75.6 6.7 61.0 94.0 

Height (cm) 180.6 6.1 171.0 194.0 
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Body mass index (km/m2) 23.2 1.4 20.6 25.8 
Sum of six skinfolds (mm) 60.3 16.4 34.0 112.6 

Endomorphy 2.8 0.9 1.2 5.1 
Mesomorphy 6.5 1.2 4.2 8.5 
Ectomorphy 2.8 0.7 1.2 4.6 
Fat mass (%) 18.4 4.1 11.5 28.0 

Resistance (Ω) 498.6 69.0 380.0 622.1 
Reactance (Ω) 67.4 8.6 49.9 83.9 

Resistance/height (Ω/m) 276.3 39.5 197.9 352.9 
Reactance/height (Ω/m) 37.4 5.1 27.0 48.8 

Phase angle (°) 7.7 0.7 5.9 9.2 

The table describes the Average values, standard deviation (SD), minimum, and maximum values for the 
general, anthropometric, and bioelectrical characteristics of the international-level elite referee. 

3. Results 

Table 1 describes the general, anthropometric, and bioelectrical characteristics of the sample. The 
average and most represented somatotype (n=16) was balanced mesomorph, followed by 
endomorphic mesomorph (n= 11) and ectomorphic mesomorph (n=11) (fig. 1a and fig. 1b). 
Mesomorph-endomorph, mesomorph-ectomorph, and central somatotypes comprise only one 
individual for each category.  

The current sample showed a better somatotype than other referees' populations in the literature 
(fig 1c). Compared to first-division Zimbabwean referees and assistant referees, both samples were, 
on average, balanced mesomorph, but the values of mesomorphy were higher in the present. The 
SAD value of 1.9 was slightly lower than the values considered statistically significant (≥ 2), according 
to Heat & Carter [26]. However, the SAD becomes significant, increasing from 1.9 to 2.1, if only 
referees are considered in Banda at al. [12] sample (i.e., excluding assistant referees). Compared to 
the Brazilian national and regional level referees, the current sample was significantly different (SAD 
= 2.6), with lower endomorphy and both higher ectomorphy and mesomorphy. Similar results were 
observed by dividing the Brazilian sample into national (SAD = 2.9) and regional (SAD = 2.5) level 
referees [13]. While the difference was not statistically significant (SAD = 1.8), Chilean referees in the 
sample had an average somatotype of endomorphic mesomorphs, which contrasts with the dominant 
balanced mesomorph somatotype of elite international referees [14]. On the other hand, South 
African officials were very far from the current sample, with a dominant mesomorph-endomorph 
somatotype and a SAD value of 2.9 [15]. However, the South African referees subsample was even 
more distant from the international counterpart in the present sample, with a dominant mesomorphic 
endomorph somatotype (SAD = 3.4). 
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Figure 1. (a) Somatotype distribution of the international elite male soccer referees; (b) somatotype 
categories of the international elite male soccer referees; (c) comparison with other published 
references [12–15].  

The BIVA point graph indicates that elite international referees mainly fell in the upper left 
quadrant (fig. 2a). Figure 2b shows the average position on the BIVA point graph for each somatotype 
of the current referees’ population. Compared with the general male population [24] and athletic 
reference [17] elite international referees are statistically different. Specifically, they fell more to the 
left and up than the general population (T2 ≤ 76.6; F = 38.8; D = 1.44; P < 0.001) and to the right and 
up than the athletic population (T2 ≤ 25.3; F = 12.6; D = 0.8; P < 0.001) (fig 2c) and their specific the 
50%, 75%, and 95% tolerance ellipses are represented in figure 2d. Finally, figure 2e compares 
balanced mesomorph, endomorphic mesomorph, and ectomorphic mesomorph referees. No 
statistical difference was found. 
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Figure 2. (a) Scattergram of the international elite soccer referees, according to the somatotype 
category, within the BIVA point graph with the 50%, 75%, and 95% tolerance ellipses of the general 
population; (b) the average position of the different somatotypes; (c) comparison with the general [24] 
and athletic references [17]; (d) 50%, 75%, and 95% tolerance ellipses derived from the current sample; 
(e) comparison among the different identified somatotypes that characterized elite referees. 

4. Discussion 

The present study describes a sample of international elite soccer referees. The first important 
result is that international soccer referees showed a better somatotype than those previously 
presented in the literature [8–10]. Thus, they can be considered as a reference for practitioners. 
Secondly, they showed bioelectrical impedance characteristics that are significantly different from 
the general and the athletic populations [17,24]; specific tolerance ellipses for soccer referees were 
developed.  

In recent years, the intensity of football matches increased, leading to a corresponding increase 
in soccer refereeing intensity. Consequently, the relative fat mass of soccer referees was lower in more 
recent samples compared to the previously assessed [8–10]. In the present study, the value of fat mass 
percentage is higher than that of other studies. Zimbabwean (12.0 ± 2.6%), Greek (16.7 ± 4.5%), and 
South African (12.6 ± 4.2%) referees showed lower relative fat mass values, while only Brazilian 
referees (18.5 ± 4.3%) had higher values compared to the present sample [12,13,15,28]. However, this 
difference can be explained by considering that the studies mentioned above performed the body 
composition assessment using the anthropometric method. At the same time, the present fat mass 
percentage value derives from dual-energy X-ray absorptiometry (DXA) [11]. As previously 
reported, the fat mass values of the current population are underestimated by the commonly used 
fat mass equations (range 11.0 – 15.2%). Thus, caution should be applied when considering fat mass 
percentage values in the literature derived from equations developed for the general population. 
From this point of view, a solution is adopting specific equations for the investigated population [11]. 
Alternatively, this problem can be avoided using raw skinfold values, like the sum of six or seven 
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skinfolds. Despite the higher value of FM%, the current sample showed the lowest sum of the six 
skinfolds when compared with other samples in the literature [12,29], confirming that FM% was 
underestimated in previous studies on soccer referees. Reilly and Gregson [8] indicated a value of 
FM of 13% in football players using the DEXA technique, and other authors also found values lower 
than 11% [30,31]. This difference with our referees’ sample may be ascribed to the lower level of 
performance required from referees compared to players. However, we should also consider that 
elite referees are generally older than other athletes. Indeed, at the elite level, the age range is between 
35 and 40 years [3,32,33]. Fernandez Perez et al. [13] indicated as Brazilian regional-level referees had 
lower fat values than the national ones, probably due to the age difference. Furthermore, a 
longitudinal study on Brazilian football referees found that their mean body fat percentage increased 
from 13.2+2.9% to 17.3+3.9 in ten years, moving from a balanced mesomorph pattern to a mesomorph-
endomorph pattern [34]. The authors suggest that elite referees are not professionals like elite soccer 
players, and their training sessions and nutrition are less planned than players. 

Previous studies investigated the somatotype of soccer referees. Although the mesomorph 
component was dominant across the samples in the literature, Brazilian [13] and Chilean [14] referees 
also showed an important contribution of the endomorph component. On the other hand, 
Zimbabwean [12] and South African [15] referees showed a balanced mesomorph dominant 
somatotype, like in the current study. These differences can be explained by considering the above 
considerations about fat mass, like the role of refereeing intensity and age. Furthermore, also ethnicity 
can play a role. From this point of view, South American referees seem to have more fat than African 
ones. 

Regarding somatotype, our sample is up to date compared to the previous literature. 
International elite referees showed a significant distance on the somatochart, characterized by a 
higher mesomorphy, compared to their Zimbabwean, Brazilian, Chilean, and South African 
counterparts, which indicates them as the fittest. This difference can be attributed to both the higher 
competitive level of the current sample and to the evolution of playing intensity experienced by elite 
referees. Soccer players show a dominant balanced mesomorph morphology, and our result indicates 
that soccer referees are becoming closer to their players' counterparts [35]. We also found other 
somatotypes, particularly endomorphic mesomorph and ectomorphic mesomorph, but such 
variability can be found even in soccer players. By the way, the current sample showed a dominant 
mesomorph component which is a determinant for high-level performance, regardless of sports 
discipline.  

Regarding the BIVA, elite international referees mainly fell in the upper left quadrant (fig. 2a). 
Furthermore, some referees fell in the lower left quadrant area to the left of the impedance vector, as 
previously indicated by Campa for the athletic population [36]. The current sample was characterized 
by bioelectrical impedance parameters indicating higher cellular mass than the general population 
but lower than other athletes. This result suggests that soccer referees are a specific population with 
peculiar bioelectrical properties that differentiate them from the general population, putting them 
more to the left and up, but also from the athletic population, which shows a shorter vector positioned 
even more to the left. Thus, although soccer referees are characterized by bioelectrical values 
associated with better cellular health and body composition than the general population, they are not 
at the same level as the other athletes. Finally, we did not find differences in the bioelectrical vector 
between different somatotypes. This result suggests that, despite different morphologies, referees are 
comparable regarding those parameters that indicate cellular health, hydration, and nutritional 
status. 

The present study has some strengths. Firstly, the sample comprised the best referees at the 
international level and was assessed on a single occasion. Secondly, fat mass was measured using the 
gold standard method (i.e., DEXA). Thirdly, the study provides a comprehensive description of an 
elite sample using multiple methods (i.e., DEXA, Anthropometry, and BIVA), which can serve as a 
useful reference for researchers and practitioners. Finally, the sample is the most up-to-date among 
the literature on elite soccer referees, providing insights into the evolution of soccer match intensity. 
However, the study is limited by its descriptive nature, which only allows for hypothesis generation 
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regarding considerations such as soccer evolution. Additionally, the study did not collect information 
on the referees' training routines. 

5. Conclusions 

In summary, our findings suggest that elite soccer referees, based on their body composition, 
somatotype, and bioelectrical characteristics, are more comparable to soccer players than the general 
population. As referees are expected to meet high fitness standards, they should be considered 
athletes, even if they are not professional like their player counterparts. During a game, referees cover 
an average distance of 10,000-13,000 m [1,2] and expend an estimated 4,700 to 5,600 kJ (1,120-1,340 
kcal) [37,38]. Similarly, soccer players cover a similar total distance during matches, but with 
variations based on tactical position and match demands [39]. Our study implies that elite soccer 
referees are in good physical condition yet have potential for further improvement through targeted 
training and nutrition plans. 

6. Perspective 

The current sample comprised the best international referees and is the most up-to-date in the 
literature, at least in consideration of the high level. For this reason, both bioelectrical tolerance 
ellipses and somatotype profiles from the current study can be used by coaches, trainers, and 
researchers as a reference. Furthermore, the equation of Petri et al. derived from the present sample 
[11] can be used for fat mass estimation in soccer referees. Overall, the evidence from this study 
suggests that soccer referees have margins of improvement in body composition and provides the 
instruments needed for evaluating and monitoring it. 
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