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Abstract: The anthropometric profile assessment is an important aspect to consider during the growth
stages of youth sport practitioners due to its usefulness in controlling maturity status and overall
health. We performed an anthropometric profile evaluation in a sample of youth goalkeepers (n = 42)
during a training camp, dividing them into three categories based on their years from peak height
velocity (YPHV). We also checked if the selection of goalkeepers was associated with the birth quartile.
The results showed that most of the participants’ anthropometric parameters followed the normal
trend according to the maturation stages. However, several subjects showed an overweight/obese
condition and/or high waist circumference. Non-optimal values were found, mostly in the group of
goalkeepers around the PHV. In addition, no selection based on birth quartile was seen. Therefore,
the anthropometric profile and body composition of youth goalkeepers are physiologically affected by
maturity status. However, several subjects were found to be overweight/obese and at cardiometabolic
risk, suggesting that children and adolescents, although practicing sport, should pay attention to
potentially contributing factors such as the attainment of the recommended levels of physical activity,
lowering sedentary time, and adopt a healthy lifestyle.

Keywords: anthropometry; somatic maturation; body composition; cardiometabolic risk; youth
athletes; soccer; obesity; physical health

1. Introduction

Anthropometry is a valuable technique for assessing the size, proportions, and composition of
the human body [1]. Common anthropometric measurements include height, weight, skinfolds, and
circumferences, frequently used as nutritional status indexes, health, and growth [2]. In particular,
anthropometry and the derived body composition parameters are useful tools to evaluate both the
children and adolescents at the different stages of growth [3]. In this regard, Mirwald et al. developed a
formula to obtain the peak height velocity (PHV) [4]. PHV is defined as the maximum velocity of growth
in stature or the growth spurt in height, and it represents a valid indicator of somatic maturity status [3].
Moreover, years from PHV (YPHV) are obtained subtracting the age of PHV from chronological age,
and characterize a non-invasive method to assess the trend of maturity in children [4].

The anthropometric profile, body composition, and maturity status are parameters of great
importance in sports [5–7]. For example, improved body composition in athletes is associated with
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greater strength [8] and cardiorespiratory fitness [9]. Furthermore, anthropometric variables and
maturity are associated with team sports success, such as soccer [10]. For instance, in different soccer
categories based on age groups, players in advanced maturation tend to be taller and heavier than
others [11,12]. Furthermore, specific anthropometric characteristics represent a prerequisite to playing
in different positions considering the different roles (e.g., defenders, forwards, and goalkeepers) [13].

Specifically, goalkeepers tend to be taller and heavier due to the specific requirements of their
role. Thus soccer teams are inclined to select them, taking into account such anthropometric
characteristics [14]. Accordingly, it seems that coaches and athletic trainers select youth athletes
based on their date of birth, preferring those who are more advanced in growth, especially in high-level
teams [15]. This phenomenon is known as the relative age effect (RAE), a condition in which the
relative birth quarter distribution in a sample of athletes is not evenly distributed [16]. Indeed, in such
a situation, the older athletes, born close to the beginning of the year, represent the majority of the
team [17]. In contrast, these preferential choices are not evident within soccer teams of lower levels [18].

However, with the increasing adoption of unhealthy lifestyles (including the massive usage of
electronic devices and social media), children and adolescents can spend a large amount of time
in sedentary behaviors and fail to reach the recommended physical activity levels [19,20], despite
sports participation [21]. Sedentary behaviors, physical inactivity, and incorrect nutritional habits are
detrimental factors for overall health [22] and are responsible for increasing all-cause mortality [23]
at all population levels [24]. Thus, examinations indicating pathological states such as obesity or
cardiometabolic risk in children and adolescents participating in sport are valuable procedures [25].
In this regard, different parameters can be assessed. For example, body mass index (BMI) is extensively
used to recognize subjects having excessive adiposity [4,26–28]. However, BMI usage has significant
limitations, as it does not allow discrimination between fat mass (FM) and free fat mass (FFM) [27].
Thus, body FM and the percentage of fat mass (%FM) are usually assessed to overcome BMI limits.
However, even the %FM alone does consider factors such as height and FFM [29]. In this regard,
the fat mass index (FMI) and fat-free mass index (FFMI) are two useful estimates to use along with
BMI, absolute FM, and %FM for assessing body composition using anthropometry [30].

Other valuable methods are skinfold and circumference measurements and the ratios between
various anthropometric parameters [28,31,32]. Notably, the skinfold thickness is a valid anthropometric
indicator of fatness because it is widely representative of adipose tissue [33]. Moreover, higher
waist circumferences are associated with an increased health risk, and measures such as waist/height
ratio represent a useful means to stratify cardiometabolic risk in the youth population, taking into
account sex and age [34,35]. Given the importance of such measures, various references for children
and adolescents exist [31,36]. Hence, performing periodic anthropometric assessments is of utmost
importance in children and adolescents, particularly in a team sport context, where such analysis
provides insight about the ideal predisposition for a specific role/position, performance, and health as
well [37]. In particular, the assessment of maturity status allows considerations beyond the simple
chronological age, body size, proportion, and composition.

Therefore, this observational study aimed to investigate how maturity status, based on YPHV,
can influence the anthropometric profile and body composition of youth goalkeepers from different
soccer teams, indicating the differences in the different stages of maturation. We also analyzed how the
different anthropometric variables correlated with YPHV. Finally, we checked if maturity status could
lead to the presence of RAE in the different groups.

2. Materials and Methods

2.1. Participants

Forty-two young male goalkeepers were recruited from different soccer teams during a training
camp dedicated to youth goalkeepers. Participants were classified into three groups: pre-PHV (n = 12,
age = 11.98 ± 0.93), circa-PHV (n = 14, age = 13.74 ± 0.74) and post-PHV (n = 16, age = 15.99 ± 0.72).
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All participants were involved in soccer as goalkeepers from at least one year and performed 3 to
5 training sessions per week. The study was conducted in accordance with the Declaration of Helsinki.
This study is part of a project of the Tuscany Region called “Sports Medicine to support regional
surveillance systems”; it was approved by the Regional Prevention Plan 2014–2018 with the code
O-Range18. Informed consent was obtained from all the participants before inclusion in the study.

2.2. Anthropometry and Body Composition

All the anthropometric measurements were performed by a certified specialist (i.e., a level
1 certification of the International Society for the Advancement of Kinanthropometry (ISAK)).
Subjects wore light clothing and had fasted for at least 12 h before the assessments. Height was
measured to the nearest 0.1 cm, and body weight was measured to the nearest 0.1 kg using a
stadiometer with a balance-beam scale (Seca 200, Seca, Hamburg, Germany). Triceps and subscapular
skinfolds were measured using a Cescorf skinfold caliper (Cescorf, Porto Alegre, Brazil). Arm span,
waist circumferences (WC), and mid-arm circumference (MAC) were measured using a Cescorf
anthropometric tape (Cescorf, Porto Alegre, Brazil). The percentage of fat-mass was calculated
according to Slaughter [38] as follows:

Prepubescent White Males : %FM = 1.21 (triceps + subscapular) − 0.008
(triceps + subscapular)2

− 1.7
(1)

PubescentWhiteMales : %FM = 1.21(triceps + subscapular) − 0.008
(triceps + subscapular)2

− 3.4
(2)

PostpubescentWhiteMales : %FM = 1.21(triceps + subscapular) − 0.008
(triceps + subscapular)2

− 5.5
(3)

For sum of triceps and subscapular greater than 35 mm: %FM = 0.783 (triceps + subscapular) + 1.6 (4)

Mid-arm muscle circumference (MAMC), mid-arm area (MAA), mid-arm muscle area (MAMA),
mid-arm fat area (MAFA), and arm fat index (AFI) were calculated as follows:

MAMC = MAC−
(
π ×

Triceps skin f old
10

)
(5)

MAA =
MAC2

4 × π
(6)

MAMA =
MAMC2

4 × π
(7)

MAFA = MAA−MAMA (8)

AFI = 100 ×
MAFA
MAA

(9)

Body mass index (BMI) was calculated as weight in kilograms divided by the square of height,
expressed in meters. Participants who had a WC >90th percentile, considering McCarthy’s waist
circumference as a reference [39], were considered to have abdominal obesity, and a cutoff of 0.5 was
used to differentiate low waist to height ratio (W/Hr) from high W/Hr [28,40].

2.3. Age and Maturity Status

According to the estimated age at PHV, the maturity status was defined based on the Mirwald et al.
equation [4]. Participants were classified into three groups based on their YPHV: pre-PHV (offset <−1
years), circa-PHV (≤±1 years), and post-PHV (offset >+1 years), as a previous study reported [41].
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2.4. Statistical Analysis

The Shapiro–Wilk test was performed to check the normality of the data. The analysis of variance
(ANOVA) was used to determine the differences between maturity status group (defined as fixed
factor) in body composition and anthropometric parameters (defined as dependent variables), and
partial eta squared (η2

p) was calculated to indicate the effect-size (small = 0.01, medium = 0.06, large
= 0.14) [42]. When the analysis of variance (ANOVA) showed significant results, a Tukey’s post hoc
test was used to confirm where the differences occurred. Pearson’s correlation coefficient was used
to determine the extent of correlation between YPHV and anthropometric measures. Following the
appropriate indications [43], the magnitude of correlations was considered as: r = 0.00–0.09, negligible;
r = 0.10–0.39, weak; r = 0.40–0.69, moderate; r = 0.70–0.89, strong; r = 0.90–1.00, very strong. Finally,
when the necessary conditions were met, the chi-square (χ2) test for independence was used to check
the association between maturity status and the selected categories (BMI, waist circumference, birth
quartile, growth velocity, and achievement of peak growth). When data were not normally distributed,
the Kruskal–Wallis with Dunn’s post-hoc test was used instead of ANOVA and Tukey’s post hoc, and
Spearman’s Rho was used instead of Pearson’s r. Descriptive data are presented as mean ± standard
deviation, while categorical data as frequency (count and percentage of the group, total count, and
percentage of the total). The statistical significance was set at <0.05.

3. Results

3.1. Anthropometric Profile

Table 1 shows the descriptive statistics for the participants’ anthropometric and body composition
variables divided by maturity offset.

Age, height and weight were significantly different between groups [p < 0.001; F (2,39) = 54.732,
p < 0.001, η2

p = 0.737; F (2,39) = 23.945, p < 0.001, η2
p = 0.551, respectively], however post hoc analysis

did not shows differences between circa-PHV and post-PHV regarding weight (62.66 ± 10.17 vs. 69.29
± 10.51, p = 0.163). Similarly, statistical difference was found for sitting height [F (2,39) = 54.824,
p < 0.001, η2

p = 0.744] and arm span [F (2,39) = 34.722, p < 0.001, η2
p = 0.640]. On the other hand, both

arm span to height ratio (AS/Hr) and sitting height to height ratio (SH/Hr) were similar in the three
groups (p = 0.522; p = 0.330, respectively).

Regarding skinfolds measurements, a significantly difference was seen for triceps skinfold
(p = 0.042) but not for subscapular skinfold, (p = 0.143) with circa-PHV showing the highest values.
The mid-arm circumference (MAC) was statistically different [F (2,39) = 7.393, p = 0.002, η2

p = 0.275]
although the Tukey’s post hoc demonstrates that such a variable was similar between circa-PHV
and post-PHV (26.89 ± 4.31 vs. 28.30 ± 2.03, p = 0.454). Furthermore, the derived mid-arm muscle
circumference (MAMC) showed even more significant difference (p < 0.001) and in this case the post
hoc demonstrates differences also between circa-PHV and post-PHV (21.99 ± 3.70 vs. 25.17 ± 1.57,
p = 0.005). Similarly, both the mid-arm area (MAA) and the mid-arm muscle area (MAMA) were
significantly different between groups [F (2,39) = 7.610, p = 0.002, η2

p = 0.281; F (2,39) = 23.213, p < 0.001,
η2

p = 0.543], respectively. However the MAA was similar when comparing the circa-PHV with the
post-PHV (58.96 ± 17.20 vs. 64.07 ± 9.54, p = 0.527). In addition, also the arm fat index (AFI) showed
a significant difference between the three groups of goalkeepers (p = 0.005), but with pre-PHV and
circa-PHV participants showing similar results. On the other hand, mid-arm fat area (MAFA) did not
showed differences (p = 0.168).

The WC was significantly different between the groups [F (2,39) = 7.782, p = 0.001, η2
p = 0.285],

however the post hoc test showed no difference between circa-PHV and post-PHV (75.21 ± 6.96 vs.
74.09 ± 4.47, p = 0.869). Also waist to height ratio (W/Hr) was different between the groups (p = 0.029).
Finally, the percentage of predicted adult height (%PAH) was significantly different (p < 0.001), while the
predicted adult height (PAH) showed no significant differences [F (2,39) = 0.854, p = 0.434, η2

p = 0.042].
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Table 1. Descriptive data of goalkeepers based on maturity status.

Pre-PHV (n = 12) Circa-PHV (n = 14) Post-PHV (n = 16)

M ±SD Min–Max M ±SD Min–Max M ±SD Min–Max p η2
p

YPHV a,b,c −2.02 ± 0.93 −4.10–−1.1 −0.26 ± 0.74 −1.0–1.0 1.99 ± 0.71 1.10–3.60 <0.001 0.822

Age (years) a,b,c 11.43 ± 1.37 8.80–13.04 12.86 ± 1.33 10.35–15.0 15.58 ± 0.62 14.30–16.70 <0.001 † -

Height (cm) a,b,c 149.85 ± 7.64 133.30–157.70 166.43 ± 7.61 156.65–179.35 177.00 ± 5.22 171.30–189.30 <0.001 0.737

Weight (kg) a,b 44.06 ± 7.88 25.90–54.70 62.66 ± 10.17 47.30–84.55 69.29 ± 10.51 57.80–99.00 <0.001 0.551

Sitting Height (cm) a,b,c 77.23 ± 3.55 69.0–81.50 85.94 ± 4.29 82.0–94.0 92.69 ± 3.53 88.0–99.0 <0.001 0.738

Arm Span (cm) a,b,c 152.13 ± 10.28 130.60–161.0 169.9 ± 9.11 159.0–185.05 180.13 ± 6.95 169.45–192.0 <0.001 0.640

AS/Hr 1.02 ± 0.03 0.95–1.04 1.02 ± 0.02 0.99–1.05 1.01 ± 0.02 0.98–1.04 0.522 † -

SH/Hr 0.52 ± 0.01 0.50–0.54 0.52 ± 0.01 0.48–0.54 0.52 ± 0.01 0.50–0.54 0.330 † -

Triceps Skinfold c 13.77 ± 6.44 5.50–23.0 15.61 ± 5.91 5.50–25.0 9.97 ± 3.31 6.0–18.0 0.042 † -

Subscapular Skinfold 8.31 ± 4.88 3.50–20.75 10.36 ± 4.38 5.0–21.0 7.63 ± 1.99 5.0–12.75 0.143 † -

MAC (cm) a,b 23.68 ± 2.87 17.50–27.50 26.89 ± 4.31 15.90–33.90 28.30 ± 2.03 25.50–34.0 0.002 0.275

MAMC (cm) a,b,c 19.36 ± 1.59 15.62–22.12 21.99 ± 3.70 11.19–26.05 25.17 ± 1.57 22.63–28.35 <0.001† -

MAA (cm2) a,b 45.26 ± 10.51 24.38–60.21 58.96 ± 17.20 20.13–91.50 64.07 ± 9.54 51.77–92.04 0.002 0.281

MAMA (cm2) a,b,c 30.02 ± 4.77 19.42–38.94 39.52 ± 11.17 9.97–54.03 50.63 ± 6.39 40.78–63.98 <0.001 0.543

MAFA (cm2) 15.23 ± 7.99 4.97–27.47 19.44 ± 9.03 5.81–37.47 13.45 ± 5.13 7.37–28.06 0.168† -

AFI b,c 31.81 ± 11.26 15.08–45.63 32.79 ± 10.77 15.08–50.47 20.64 ± 5.46 13.00–30.94 0.005† -

WC (cm) a,b 66.59 ± 6.59 54.40–79.50 75.21 ± 6.96 62.0–87.40 74.09 ± 4.47 68.25–87.15 0.001 0.285

W/Hr 0.46 ± 0.05 0.39–0.55 0.45 ± 0.04 0.37–0.53 0.42 ± 0.02 0.38–0.48 0.029† -

PAH (cm) 180.98 ± 3.26 175.29–186.42 179.23 ± 7.88 166.90–190.61 182.16 ± 6.07 174.39–197.91 0.434 0.042

%PAH a,b,c 82.79 ± 3.76 75.28–86.62 92.89 ± 2.87 86.54–95.60 97.22 ± 2.97 87.74–99.86 <0.001 † -

BMI (kg/m2) a,b 19.62 ± 3.38 13.60–26.00 22.57 ± 2.69 18.50–27.60 22.06 ± 2.64 18.90–30.0 0.031 0.163

FM (kg) a,b 8.11 ± 1.47 5.27–10.98 10.93 ± 2.22 7.30–14.99 10.33 ± 1.76 8.59–15.50 0.001 0.295

%FM a,b,c 18.47 ± 1.25 16.81–20.65 17.36 ± 1.27 15.02–19.47 14.87 ± 0.58 13.86–15.96 <0.001† -

FMI c 3.63 ± 0.75 2.77–5.21 3.94 ± 0.68 2.77–5.37 3.29 ± 0.48 2.64–4.71 0.016† -

FFMI a,b 15.98 ± 2.69 10.85–20.77 18.61 ± 2.06 15.69–22.37 18.77 ± 2.19 16.06–25.33 0.005 0.235

Pre-PHV = pre-peak height velocity; Circa-PHV = circa-peak height velocity; Post-PHV = post-peak height velocity; YPHV = years from peak height velocity; AS/Hr = arm span to height
ratio; SH/Hr = sitting height to height ratio; MAC = mid-arm circumference; MAMC = mid-arm muscle circumference; AFI = arm fat index; WC = waist circumference; PAH = predicted
adult height; %PAH = percentage of predicted adult height; BMI = body mass index; FM = fat mass; %FM = percentage of fat mass; FMI = fat mass index; FFMI = free fat mass index; W/Hr
= waist to height ratio. Data are expressed as mean ± standard deviation. a indicates statistical significance for pre-PHV vs. circa-PHV; b indicates statistical significance for pre-PHV vs.
post-PHV; c indicates statistical significance for circa-PHV vs. post-PHV; † indicates Kruskal–Wallis results.
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3.2. Body Composition

The three groups of goalkeepers showed a statistically different BMI [F (2,39) = 3.798, p = 0.031,
η2

p = 0.163] although the values between circa-PHV and post-PHV were comparable (22.57 ± 2.69
vs. 22.06 ± 2.64, p = 0.883). Similarly, absolute fat mass was different [F (2,39) = 8.173, p = 0.001,
η2

p = 0.295] while the post hoc revealed that circa-PHV and post-PHV participants fat mass was similar
(10.93 ± 2.22 vs. 10.33 ± 1.76, p = 0.649). The %FM was also significantly different (p < 0.001) and
showed a decreasing trend from pre-PHV to post-PHV. Likewise, the fat mass index (FMI) and the fat
free mass index (FFMI) were different between groups [p = 0.016; F (2,39) = 5.994, p = 0.005, η2

p = 0.235,
respectively], with a significant difference between circa-PHV and post-PHV for FMI (3.94 ± 0.68 vs.
3.29 ± 0.48, p = 0.002) and pre-PHV differing from circa-PHV and post-PHV, regarding FFMI values
(15.98 ± 2.69 vs. 18.61 ± 2.06 p = 0.016; 15.98 ± 2.69 vs. 18.77 ± 2.19, p = 0.008, respectively).

3.3. Correlation between Years from Peak Height Velocity (YPHV) and Anthropometric Measures

Correlation analysis showed that YPHV had a significant relationship with weight, height, arm
span, sitting height, MAC, MAMC, MAA, MAMA, AFI, WC, W/Hr, %PAH, BMI, FM, %FM, and FFMI.
Table 2 contains the complete panel of correlations.

Table 2. This table shows the correlation between YPHV and anthropometric measures.

Selected Variables Correlation with YPHV (Pearson’s
r or Spearman’s Rho) p Lower 95% CI–Upper

95% CI

Weight 0.767 <0.001 0.604–0.869

Height 0.921 <0.001 0.856–0.957

Arm Span 0.875 <0.001 0.778–0.931

AS/Hr −0.138 † 0.382 −0.424–0.173

Sitting Height 0.941 <0.001 0.892–0.968

SH/Hr 0.289 † 0.064 −0.017–0.545

Triceps Skinfold −0.284 † 0.069 −0.541–0.022

Subscapular Skinfold −0.034 † 0.830 −0.335–0.273

MAC 0.550 <0.001 0.295–0.732

MAMC 0.809 † <0.001 0.670–0.893

MAA 0.541 <0.001 0.284–0.726

MAMA 0.763 <0.001 0.598–0.866

MAFA −0.087 † 0.584 −0.381–0.223

AFI −0.437 † 0.004 −0.654–−0.153

WC 0.405 0.008 0.115–0.631

W/Hr −0.343 † 0.026 −0.586–−0.043

PAH 0.159 0.313 −0.152–0.442

%PAH 0.941 † <0.001 0.893–0.968

BMI 0.319 0.039 0.017–0.568

FM 0.404 0.008 0.114–0.631

%FM −0.878 † <0.001 −0.933–−0.783

FMI −0.260 † 0.097 −0.522–0.048

FFMI 0.457 0.002 0.178–0.668

YPHV = years from PHV; AS/Hr = arm span to height ratio; SH/Hr = sitting height to height ratio; MAC = mid-arm
circumference; MAMC = mid-arm muscle circumference; AFI = arm fat index; WC = waist circumference;
PAH = predicted adult height; %PAH = percentage of predicted adult height; BMI = body mass index; FM = fat
mass; %FM = percentage of fat mass; FMI = fat mass index; FFMI = free fat mass index; W/Hr = waist to height
ratio; † indicates Spearman’s Rho.
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Specifically, height (r = 0.921), sitting height (r = 0.941), and %PAH (rs = 0.941) showed a very
strong positive correlation. In addition, weight (r = 0.767), arm span (r = 0.875), MAMC (rs = 0.809)
and MAMA (r = 0.763) highlighted a strong direct correlation, while %FM (rs = −0.878) had strong
negative correlation. Also, MAC (r = 0.550), MAA (r = 0.541), WC (r = 0.405), fat mass (r = 0.404),
and FFMI (r = 0.457) presented a moderate positive correlation, whereas AFI (rs = −0.437) showed a
moderate negative relationship. Finally, W/Hr (rs = −0.343) and BMI (r = 0.319) showed weak negative
and positive correlations, respectively.

On the other hand, AS/Hr, SH/Hr, subscapular skinfold, MAFA, PAH, FMI, and triceps skinfold
did not show a significant correlation with YPHV, although triceps skinfold was close to statistical
significance, presenting a weak negative correlation (r = −0.288, p = 0.065).

3.4. Categories for Body Mass Index (BMI), Waist Circumference (WC), Waist to Height Ratio (W/Hr), Birth
Quartile, and Achievement of Peak Growth

As stated before, the participants were assigned to the three groups representing the different
maturity status (pre-PHV, circa-PHV, and post-PHV), based on their YPHV.

When the data met the required conditions, the χ2 test of independence was used to check if the
association between the groups of goalkeepers and the selected categories were present. Otherwise,
the number of subjects and frequencies were calculated (Figure 1).

The selected categories were: BMI (divided into “normal weight” and “overweight/obese”), WC
(divided into “not at risk” and “at risk”), birth quartile (divided into “first/second” and “third/fourth”),
W/Hr (divided in “normal” and “high”), and achievement in peak growth (divided in “reached” and
“not reached”).

An association between maturity status and WC categories (χ2 = 8.956, p = 0.011) was seen
(Figure 1a). The circa-PHV group showed the highest number of subjects with a WC >90th percentile
and thus was considered at risk regarding this factor (i.e., 10 subjects, representing 71.43% of the
circa-PHV group). In the pre-PHV group, 4 subjects (33.33%) were considered at risk, and in the
post-PHV, 3 goalkeepers (18.75%) were in the same condition. Taking into account the entire sample of
goalkeepers, 17 of them (40.48% of the total) had a WC >90th percentile, while 25 (59.52% of the total)
had a normal WC.
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Figure 1. This figure summarizes the association of the three groups of goalkeepers with (a) WC,
(b) achievement of peak growth, (c) birth quartile, (d) BMI, and (e) W/Hr. BMI = body mass index;
WC = waist circumference; W/Hr = waist to height ratio.

Moreover, as expected, a strong association between maturity status and peak growth achievement
was seen (Figure 1b; χ2 = 29.143, p = <0.001). Indeed, all the participants appertaining at the pre-PHV
group (n = 12, 100.00%) had not reached the peak growth, whereas all the subjects in the post-PHV group
had reached the peak growth (n = 16, 100.00%). Regarding the circa-PHV, five subjects (35.71%) had
not reached the peak growth, while 9 of them (64.29%) had reached it. Hence, half of the goalkeepers
(n = 21, 50.00% of the total) had reached the peak growth, and the other half (n = 21, 50.00% of the
total) had not reached it.

Regarding the birth quartile, the χ2 test did not showed significance (Figure 1c; X2 = 0.961,
p = 0.618). The number of subjects born in the first/second quartiles of the year were distributed
as follows: pre-PHV, n = 8, 66.67%; circa-PHV, n = 7, 50.00%; post-PHV, n = 8, 50.00%. Overall,
23 participants (54.76%) were born in the first half of the year, while 19 (45.24%) in the second.

BMI and W/Hr data did not meet the required criteria to run the χ2 test (Figure 1d,e respectively).
However, in the pre-PHV group, 4 subjects (33.33%) were overweight/obese, while in the circa-PHV
group, 8 subjects (57.14%), and in the post-PHV group 3 (18.75%) subjects were overweight/obese
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as well. Overall, on the 42 participants, 15 (35.71% of the total) were in overweight/obese condition,
and 27 (64.29% of the total) were normal weight.

Finally, two subjects in the pre-PHV group (16.67%) and two subjects in the circa-PHV group
(14.29%) presented a high W/Hr.

4. Discussion

In the present study, we investigated the influence of maturity status on the anthropometric profile
and body composition of youth goalkeepers from different soccer teams, dividing them considering
their somatic maturation state according to their YPHV. In addition, we evaluated whether a RAE was
present in the different groups of goalkeepers.

The main results were that, although participating in sport, the group of youth goalkeepers
included a high percentage of subjects with unhealthy body composition and that the worst condition
was found for the circa-PHV group. Secondly, regarding the RAE, participants in the first and second
half of the year were almost equally distributed, and no association was found regarding the number
of goalkeepers of the first/second birth quartile and state of maturity. This result agrees with literature
reporting that selection based on maturity is more evident in high-level teams [18]. On the other hand,
despite the lack of association between goalkeepers’ birth quartile and state of maturity, the circa-PHV
group was composed mainly of participants who reached the peak growth (64.29%). This result
suggests that it is important to pay particular attention to the state of maturity when children are very
close to the growth spurt.

As expected, the state of maturity status affected the anthropometric profile and body composition
of the goalkeepers. The statistical analysis showed differences in most of the measured variables,
indicating an adverse condition regarding body composition for the goalkeepers, mainly in the
circa-PHV group compared to the post-PHV group.

For example, although there were differences in age and maturity state, the weight and BMI were
similar between circa-PHV and post-PHV, indicating a possible excess in body fat in the younger
participants. This aspect was confirmed by comparing body skinfolds and derived body fat measures
such as %FM and FMI. We found that triceps skinfold was higher in the circa-PHV, as well as %FM
and FMI (Table 1). Although %FM was higher in pre-PHV compared to the others, when fat mass
was normalized for height, the circa-PHV group emerged as that with the poorest body composition.
Furthermore, the subscapular skinfold was similar among the three groups of goalkeepers but also, in
this case, the higher value was found in the circa-PHV.

Considering the entire sample of goalkeepers, 17 (40.48% of the total) showed a high WC that
indicated abdominal obesity and increased cardiometabolic risk. A higher number of subjects with
abdominal obesity were in the circa-PHV group. Moreover, W/Hr was different between the three
states of maturity, and both the pre-PHV and the circa-PHV presented two goalkeepers having the
W/Hr higher than 0.5. Waist circumference shows a high correlation with visceral adipose tissue,
plasmatic level of lipids, lipoproteins, and the hormone insulin [34], and W/Hr represents a predictor
of cardiovascular risk in children and adolescents [28,34].

Assessing anthropometric variables and body composition close to puberty is crucial because it
could also predict adult body composition and future health [44]. Typically, in males, there is an increase
in FM at 8 years to 14 years, then FM tends to decrease at about 16 years and subsequently tends to
reach a plateau [45]. According to this evidence, the subjects appertaining at the circa-PHV group
showed increasing adiposity values in our study. However, a major part of them showed pathological
conditions and anthropometric values that place them at risk for cardiovascular and metabolic diseases.
Furthermore, it is demonstrated that goalkeepers tend to be heavier, taller, and have larger skinfolds
than outfielders [13]. However, although it seems that during puberty, FM typically increases and
that goalkeepers present higher anthropometric values, in this study, such conditions are exacerbated.
Indeed, factors other than normal growth trends could cause such non-optimal condition for circa-PHV.
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Overall, an important consideration is that many of the examined youth goalkeepers were
in a condition of overweight/obesity and/or presented high WC and W/Hr. In recent years,
a worrying increase in pediatric adiposity was observed almost worldwide [46]. Several non-heritable
factors contributed to this obesity pandemic among children and adolescents, including nutrition,
physical activity, sports participation, sedentary behavior and electronic devices usage, and parental
modeling [46–50]. In the present study, a large proportion of participants showed an unfavorable body
composition, despite sport participation. In this regard, it is well known that physical exercise and
training are potent stimuli that elicit positive adaptation [51–60]. However, a previous study indicated
that youth soccer players might fail to reach the recommended physical activity levels during days
without sports practice. Furthermore, the less active they were off-training, the less they moved during
training practice [21]. Thus, such off-training behaviors could be a major cause of the condition found
in our sample [61,62].

In addition, goalkeepers tend to have a lower energy expenditure than outfielders, and such a
situation is also reported for high-level professional athletes [63]. Thus, more attention should be paid
to youth goalkeepers playing in lower-level teams.

Finally, anthropometry is a valuable tool for monitoring harmful situations associated with
adiposity, hormonal status [37], and the extent of cardiovascular risk among children and
adolescents [38], as well as avoiding early selection.

Limitations

In this study, we do not measure the levels of physical activity of the participants. However,
such an assessment could be useful in future studies investigating anthropometric profile and body
composition in youth populations.

5. Conclusions

In conclusion, this study evaluates the anthropometric profile trend of a group of goalkeepers,
taking into account the state of maturity. The majority of the variables followed the physiological trend
occurring during puberty. However, among the entire examined group, a non-optimal anthropometric
situation for many subjects indicated an increased risk of cardiometabolic disease. The results of this
study add shreds of evidence that also youth goalkeepers participating in sport could be at health
risk, and thus attention should be made to factors known to affect body composition and health
(e.g., physical activity, sedentary time, and nutrition habits). Thus, monitoring the anthropometric
profile and body composition of children and adolescents participating in sport should be an essential
aspect to consider in evaluating possible risk conditions and adopting effective countermeasures.

Author Contributions: Conceptualization, P.I., A.D.C., and A.D.B.; methodology, P.I., A.D.C., and B.G.; formal
analysis, P.I., A.D.C..; investigation, P.I., A.D.C., G.G., G.M., R.D.G., and C.P.; data curation, A.D.C., B.G., and G.G.;
writing—original draft preparation, A.D.C., P.I., A.D.B., and B.G.; visualization, B.G., G.G., G.M., R.D.G., and
C.P.; supervision, P.I., A.D.B., B.G.; funding acquisition, A.D.B. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was supported by the Italian Ministry of Education, University and Research (Ministero
dell’Istruzione, dell’Università e della Ricerca-MIUR), grant number PRIN 2017ATZ2YK_003.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. WHO. Physical Status: The Use and Interpretation of Anthropometry. Report of A WHO Expert Committee; World
Health Organization: Geneva, Switzerland, 1995; ISBN 978-92-4-120854-3.

2. Bhattacharya, A.; Pal, B.; Mukherjee, S.; Roy, S.K. Assessment of nutritional status using anthropometric
variables by multivariate analysis. BMC Public Health 2019, 19. [CrossRef] [PubMed]

3. Sherar, L.B.; Mirwald, R.L.; Baxter-Jones, A.D.G.; Thomis, M. Prediction of adult height using maturity-based
cumulative height velocity curves. J. Pediatrics 2005, 147, 508–514. [CrossRef] [PubMed]

http://dx.doi.org/10.1186/s12889-019-7372-2
http://www.ncbi.nlm.nih.gov/pubmed/31382936
http://dx.doi.org/10.1016/j.jpeds.2005.04.041
http://www.ncbi.nlm.nih.gov/pubmed/16227038


Int. J. Environ. Res. Public Health 2020, 17, 8247 11 of 14

4. Mirwald, R.L.; G. Baxter-Jones, A.D.; Bailey, D.A.; Beunen, G.P. An assessment of maturity from
anthropometric measurements. Med. Sci. Sports Exerc. 2002, 34, 689–694. [CrossRef] [PubMed]

5. Rinaldo, N.; Toselli, S.; Gualdi-Russo, E.; Zedda, N.; Zaccagni, L. Effects of Anthropometric Growth and
Basketball Experience on Physical Performance in Pre-Adolescent Male Players. Int. J. Env. Res. Public Health
2020, 17, 2196. [CrossRef] [PubMed]

6. Petri, C.; Campa, F.; Hugo Teixeira, V.; Izzicupo, P.; Galanti, G.; Pizzi, A.; Badicu, G.; Mascherini, G. Body Fat
Assessment in International Elite Soccer Referees. J. Funct. Morphol. Kinesiol. 2020, 5, 38. [CrossRef]

7. Högström, G.M.; Pietilä, T.; Nordström, P.; Nordström, A. Body Composition and Performance: Influence of
Sport and Gender Among Adolescents. J. Strength Cond. Res. 2012, 26, 1799–1804. [CrossRef]

8. Silva, A.M.; Fields, D.A.; Heymsfield, S.B.; Sardinha, L.B. Relationship Between Changes in Total-Body Water
and Fluid Distribution With Maximal Forearm Strength in Elite Judo Athletes. J. Strength Cond. Res. 2011, 25,
2488–2495. [CrossRef]

9. Collings, P.J.; Westgate, K.; Väistö, J.; Wijndaele, K.; Atkin, A.J.; Haapala, E.A.; Lintu, N.; Laitinen, T.;
Ekelund, U.; Brage, S.; et al. Cross-Sectional Associations of Objectively-Measured Physical Activity and
Sedentary Time with Body Composition and Cardiorespiratory Fitness in Mid-Childhood: The PANIC Study.
Sports Med. 2017, 47, 769–780. [CrossRef]

10. Lago-Peñas, C.; Casais, L.; Dellal, A.; Rey, E.; Domínguez, E. Anthropometric and Physiological Characteristics
of Young Soccer Players According to Their Playing Positions: Relevance for Competition Success. J. Strength
Cond. Res. 2011, 25, 3358–3367. [CrossRef]

11. Figueiredo, A.J.; Gonçalves, C.E.; Coelho E Silva, M.J.; Malina, R.M. Youth soccer players, 11–14 years:
Maturity, size, function, skill and goal orientation. Ann. Hum. Biol. 2009, 36, 60–73. [CrossRef] [PubMed]

12. Malina, R.M.; Eisenmann, J.C.; Cumming, S.P.; Ribeiro, B.; Aroso, J. Maturity-associated variation in the
growth and functional capacities of youth football (soccer) players 13–15 years. Eur. J. Appl. Physiol. 2004, 91,
555–562. [CrossRef]

13. Gil, S.M.; Gil, J.; Ruiz, F.; Irazusta, A.; Irazusta, J. Physiological and Anthropometric Characteristics of Young
Soccer Players According to Their Playing Position: Relevance for the Selection Process. J. Strength Cond. Res.
2007, 21, 438. [CrossRef]

14. Gil, S.M.; Zabala-Lili, J.; Bidaurrazaga-Letona, I.; Aduna, B.; Lekue, J.A.; Santos-Concejero, J.; Granados, C.
Talent identification and selection process of outfield players and goalkeepers in a professional soccer club. J.
Sports Sci. 2014, 32, 1931–1939. [CrossRef]

15. Carling, C.; Le Gall, F.; Reilly, T.; Williams, A.M. Do anthropometric and fitness characteristics vary according
to birth date distribution in elite youth academy soccer players? Relative age effect in elite youth soccer.
Scand. J. Med. Sci. Sports 2008, 19, 3–9. [CrossRef]

16. Musch, J.; Grondin, S. Unequal Competition as an Impediment to Personal Development: A Review of the
Relative Age Effect in Sport. Dev. Rev. 2001, 21, 147–167. [CrossRef]

17. Helsen, W.F.; van Winckel, J.; Williams, A.M. The relative age effect in youth soccer across Europe. J. Sports
Sci. 2005, 23, 629–636. [CrossRef]

18. Cobley, S.; Baker, J.; Wattie, N.; McKenna, J. Annual Age-Grouping and Athlete Development:
A Meta-Analytical Review of Relative Age Effects in Sport. Sports Med. 2009, 39, 235–256. [CrossRef]

19. Singh, G.K.; Kogan, M.D.; Van Dyck, P.C.; Siahpush, M. Racial/Ethnic, Socioeconomic, and Behavioral
Determinants of Childhood and Adolescent Obesity in the United States: Analyzing Independent and Joint
Associations. Ann. Epidemiol. 2008, 18, 682–695. [CrossRef]

20. Roberts, J.D.; Rodkey, L.; Ray, R.; Knight, B.; Saelens, B.E. Electronic media time and sedentary behaviors in
children: Findings from the Built Environment and Active Play Study in the Washington DC area. Prev. Med.
Rep. 2017, 6, 149–156. [CrossRef]

21. Ala-Kitula, A.; Peltonen, J.; Finni, T.; Linnamo, V. Physical activity on days with and without soccer practice
in 12–13 year-old boys. Sci. Med. Footb. 2019, 3, 245–250. [CrossRef]

22. Izzicupo, P.; Di Blasio, A.; Di Credico, A.; Gaggi, G.; Vamvakis, A.; Napolitano, G.; Ricci, F.; Gallina, S.;
Ghinassi, B.; Di Baldassarre, A. The Length and Number of Sedentary Bouts Predict Fibrinogen Levels in
Postmenopausal Women. Int. J. Environ. Res. Public Health 2020, 17, 3051. [CrossRef] [PubMed]

http://dx.doi.org/10.1097/00005768-200204000-00020
http://www.ncbi.nlm.nih.gov/pubmed/11932580
http://dx.doi.org/10.3390/ijerph17072196
http://www.ncbi.nlm.nih.gov/pubmed/32218293
http://dx.doi.org/10.3390/jfmk5020038
http://dx.doi.org/10.1519/JSC.0b013e318237e8da
http://dx.doi.org/10.1519/JSC.0b013e3181fb3dfb
http://dx.doi.org/10.1007/s40279-016-0606-x
http://dx.doi.org/10.1519/JSC.0b013e318216305d
http://dx.doi.org/10.1080/03014460802570584
http://www.ncbi.nlm.nih.gov/pubmed/19085511
http://dx.doi.org/10.1007/s00421-003-0995-z
http://dx.doi.org/10.1519/00124278-200705000-00026
http://dx.doi.org/10.1080/02640414.2014.964290
http://dx.doi.org/10.1111/j.1600-0838.2008.00867.x
http://dx.doi.org/10.1006/drev.2000.0516
http://dx.doi.org/10.1080/02640410400021310
http://dx.doi.org/10.2165/00007256-200939030-00005
http://dx.doi.org/10.1016/j.annepidem.2008.05.001
http://dx.doi.org/10.1016/j.pmedr.2017.02.021
http://dx.doi.org/10.1080/24733938.2018.1562276
http://dx.doi.org/10.3390/ijerph17093051
http://www.ncbi.nlm.nih.gov/pubmed/32353951


Int. J. Environ. Res. Public Health 2020, 17, 8247 12 of 14

23. Kokkinos, P.; Sheriff, H.; Kheirbek, R. Physical Inactivity and Mortality Risk. Cardiol. Res. Pract. 2011, 2011,
1–10. [CrossRef]

24. Ricci, F.; Izzicupo, P.; Moscucci, F.; Sciomer, S.; Maffei, S.; Di Baldassarre, A.; Mattioli, A.V.; Gallina, S.
Recommendations for Physical Inactivity and Sedentary Behavior During the Coronavirus Disease
(COVID-19) Pandemic. Front. Public Health 2020, 8. [CrossRef]

25. Ceschia, A.; Giacomini, S.; Santarossa, S.; Rugo, M.; Salvadego, D.; Da Ponte, A.; Driussi, C.; Mihaleje, M.;
Poser, S.; Lazzer, S. Deleterious effects of obesity on physical fitness in pre-pubertal children. Eur. J. Sport Sci.
2016, 16, 271–278. [CrossRef] [PubMed]

26. Must, A.; Anderson, S.E. Body mass index in children and adolescents: Considerations for population-based
applications. Int. J. Obes. 2006, 30, 590–594. [CrossRef]

27. Nevill, A.M.; Stewart, A.D.; Olds, T.; Holder, R. Relationship between adiposity and body size reveals
limitations of BMI. Am. J. Phys. Anthropol. 2006, 129, 151–156. [CrossRef]

28. Maffeis, C.; Banzato, C.; Talamini, G. Waist-to-Height Ratio, a Useful Index to Identify High Metabolic Risk
in Overweight Children. J. Pediatrics 2008, 152, 207–213.e2. [CrossRef]

29. Wells, J.C.K. Measurement: A critique of the expression of paediatric body composition data. Arch. Dis.
Child. 2001, 85, 67–72. [CrossRef]

30. Shypailo, R.J.; Wong, W.W. Fat and fat-free mass index references in children and young adults: Assessments
along racial and ethnic lines. Am. J. Clin. Nutr. 2020. [CrossRef]

31. Addo, O.Y.; Himes, J.H. Reference curves for triceps and subscapular skinfold thicknesses in US children
and adolescents. Am. J. Clin. Nutr. 2010, 91, 635–642. [CrossRef] [PubMed]

32. de Arriba Muñoz, A.; Domínguez Cajal, M.; Rueda Caballero, C.; Labarta Aizpún, J.I.; Mayayo Dehesa, E.;
Ferrández Longás, Á. Sitting height/standing height ratio in a Spanish population from birth to adulthood.
Arch Argent Pediatr 2013, 111, 309–314. [CrossRef] [PubMed]

33. Bedogni, G.; Iughetti, L.; Ferrari, M.; Malavolti, M.; Poli, M.; Bernasconi, S.; Battistini, N. Sensitivity and
specificity of body mass index and skinfold thicknesses in detecting excess adiposity in children aged
8–12 years. Ann. Hum. Biol. 2003, 30, 132–139. [CrossRef]

34. Savva, S.; Tornaritis, M.; Savva, M.; Kourides, Y.; Panagi, A.; Silikiotou, N.; Georgiou, C.; Kafatos, A. Waist
circumference and waist-to-height ratio are better predictors of cardiovascular disease risk factors in children
than body mass index. Int. J. Obes. 2000, 24, 1453–1458. [CrossRef]

35. Ashwell, M.; Gibson, S. Waist-to-height ratio as an indicator of ‘early health risk’: Simpler and more predictive
than using a ‘matrix’ based on BMI and waist circumference. BMJ Open 2016, 6, e010159. [CrossRef] [PubMed]

36. Cacciari, E.; Milani, S.; Balsamo, A.; Spada, E.; Bona, G.; Cavallo, L.; Cerutti, F.; Gargantini, L.; Greggio, N.;
Tonini, G.; et al. Italian cross-sectional growth charts for height, weight and BMI (2 to 20 yr). J. Endocrinol.
Investig. 2006, 29, 581–593. [CrossRef]

37. Opstoel, K.; Pion, J.; Elferink-Gemser, M.; Hartman, E.; Willemse, B.; Philippaerts, R.; Visscher, C.; Lenoir, M.
Anthropometric Characteristics, Physical Fitness and Motor Coordination of 9 to 11 Year Old Children
Participating in a Wide Range of Sports. PloS ONE 2015, 10, e0126282. [CrossRef]

38. Slaughter, M.H.; Lohman, T.G.; Boileau, R.A.; Horswill, C.A.; Stillman, R.J.; Van Loan, M.D.; Bemben, D.A.
Skinfold equations for estimation of body fatness in children and youth. Hum. Biol. 1988, 60, 709–723.

39. McCarthy, H.; Jarrett, K.; Crawley, H. The development of waist circumference percentiles in British children
aged 5.0–16.9 y. Eur. J. Clin. Nutr. 2001, 55, 902–907. [CrossRef]

40. McCarthy, H.D.; Ashwell, M. A study of central fatness using waist-to-height ratios in UK children and
adolescents over two decades supports the simple message—‘Keep your waist circumference to less than
half your height’. Int. J. Obes. 2006, 30, 988–992. [CrossRef]

41. Emmonds, S.; Morris, R.; Murray, E.; Robinson, C.; Turner, L.; Jones, B. The influence of age and maturity
status on the maximum and explosive strength characteristics of elite youth female soccer players. Sci. Med.
Footb. 2017, 1, 209–215. [CrossRef]

42. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Routledge: New York, NY, USA, 2013;
ISBN 978-0-203-77158-7.

http://dx.doi.org/10.4061/2011/924945
http://dx.doi.org/10.3389/fpubh.2020.00199
http://dx.doi.org/10.1080/17461391.2015.1030454
http://www.ncbi.nlm.nih.gov/pubmed/25866877
http://dx.doi.org/10.1038/sj.ijo.0803300
http://dx.doi.org/10.1002/ajpa.20262
http://dx.doi.org/10.1016/j.jpeds.2007.09.021
http://dx.doi.org/10.1136/adc.85.1.67
http://dx.doi.org/10.1093/ajcn/nqaa128
http://dx.doi.org/10.3945/ajcn.2009.28385
http://www.ncbi.nlm.nih.gov/pubmed/20053877
http://dx.doi.org/10.5546/aap.2013.eng.309
http://www.ncbi.nlm.nih.gov/pubmed/23912288
http://dx.doi.org/10.1080/0301446021000033409
http://dx.doi.org/10.1038/sj.ijo.0801401
http://dx.doi.org/10.1136/bmjopen-2015-010159
http://www.ncbi.nlm.nih.gov/pubmed/26975935
http://dx.doi.org/10.1007/BF03344156
http://dx.doi.org/10.1371/journal.pone.0126282
http://dx.doi.org/10.1038/sj.ejcn.1601240
http://dx.doi.org/10.1038/sj.ijo.0803226
http://dx.doi.org/10.1080/24733938.2017.1363908


Int. J. Environ. Res. Public Health 2020, 17, 8247 13 of 14

43. Schober, P.; Boer, C.; Schwarte, L.A. Correlation Coefficients: Appropriate Use and Interpretation.
Anesth. Analg. 2018, 126, 1763–1768. [CrossRef]

44. Loomba-Albrecht, L.A.; Styne, D.M. Effect of puberty on body composition. Curr. Opin. Endocrinol. Diabetes
Obes. 2009, 16, 10–15. [CrossRef] [PubMed]

45. Siervogel, R.M.; Demerath, E.W.; Schubert, C.; Remsberg, K.E.; Chumlea, W.C.; Sun, S.; Czerwinski, S.A.;
Towne, B. Puberty and Body Composition. Horm. Res. Paediatr. 2003, 60, 36–45. [CrossRef]

46. Xu, S.; Xue, Y. Pediatric obesity: Causes, symptoms, prevention and treatment. Exp. Ther. Med. 2016, 11,
15–20. [CrossRef]

47. Kim, J.; Lim, H. Nutritional Management in Childhood Obesity. J. Obes. Metab. Syndr. 2019, 28, 225–235.
[CrossRef]

48. Scarafile, G. Childhood obesity in Italian primary schools: Eating habits, physical activity and perception of
weight by parents. Rev. Health Care 2015, 6, 129–139. [CrossRef]

49. Robinson, T.N.; Banda, J.A.; Hale, L.; Lu, A.S.; Fleming-Milici, F.; Calvert, S.L.; Wartella, E. Screen Media
Exposure and Obesity in Children and Adolescents. Pediatrics 2017, 140, S97–S101. [CrossRef]

50. Huang, H.; Wan Mohamed Radzi, C.; Salarzadeh Jenatabadi, H. Family Environment and Childhood Obesity:
A New Framework with Structural Equation Modeling. Int. J. Environ. Res. Public Health 2017, 14, 181.
[CrossRef]

51. Egan, B.; Zierath, J.R. Exercise Metabolism and the Molecular Regulation of Skeletal Muscle Adaptation.
Cell Metab. 2013, 17, 162–184. [CrossRef]

52. Di Credico, A.; Izzicupo, P.; Gaggi, G.; Di Baldassarre, A.; Ghinassi, B. Effect of Physical Exercise on the
Release of Microparticles with Angiogenic Potential. Appl. Sci. 2020, 10, 4871. [CrossRef]

53. Camera, D.M.; Smiles, W.J.; Hawley, J.A. Exercise-induced skeletal muscle signaling pathways and human
athletic performance. Free Radic. Biol. Med. 2016, 98, 131–143. [CrossRef]

54. Izzicupo, P.; Ghinassi, B.; D’Amico, M.A.; Di Blasio, A.; Gesi, M.; Napolitano, G.; Gallina, S.; Di Baldassarre, A.
Effects of ACE I/D Polymorphism and Aerobic Training on the Immune–Endocrine Network and
Cardiovascular Parameters of Postmenopausal Women. J. Clin. Endocrinol. Metab. 2013, 98, 4187–4194.
[CrossRef]

55. Izzicupo, P.; D’Amico, M.A.; Bascelli, A.; Di Fonso, A.; D’Angelo, E.; Di Blasio, A.; Bucci, I.; Napolitano, G.;
Gallina, S.; Di Baldassarre, A. Walking training affects dehydroepiandrosterone sulfate and inflammation
independent of changes in spontaneous physical activity. Menopause J. North Am. Menopause Soc. 2012, 1.
[CrossRef] [PubMed]

56. Gaggi, G.; Di Credico, A.; Izzicupo, P.; Antonucci, I.; Crescioli, C.; Di Giacomo, V.; Di Ruscio, A.; Amabile, G.;
Alviano, F.; Di Baldassarre, A.; et al. Epigenetic Features of Human Perinatal Stem Cells Redefine Their
Stemness Potential. Cells 2020, 9, 1304. [CrossRef] [PubMed]

57. Falone, S.; Mirabilio, A.; Passerini, A.; Izzicupo, P.; Cacchio, M.; Gallina, S.; Baldassarre, A.D.; Amicarelli, F.
Aerobic Performance and Antioxidant Protection in Runners. Int. J. Sports Med. 2009, 30, 782–788. [CrossRef]
[PubMed]

58. Izzicupo, P.; Di Valerio, V.; D’Amico, M.A.; Di Mauro, M.; Pennelli, A.; Falone, S.; Alberti, G.; Amicarelli, F.;
Miscia, S.; Gallina, S.; et al. Nad(P)H Oxidase and Pro-Inflammatory Response during Maximal Exercise:
Role of C242T Polymorphism of the P22PHOX Subunit. Int. J. Immunopathol. Pharmacol. 2010, 23, 203–211.
[CrossRef]

59. Filardi, T.; Ghinassi, B.; Di Baldassarre, A.; Tanzilli, G.; Morano, S.; Lenzi, A.; Basili, S.; Crescioli, C.
Cardiomyopathy Associated with Diabetes: The Central Role of the Cardiomyocyte. Int. J. Mol. Sci. 2019, 20,
3299. [CrossRef]

60. D’amico, M.A.; Ghinassi, B.; Izzicupo, P.; Di Ruscio, A.; Di Baldassarre, A. IL-6 Activates PI3K and
PKCζ Signaling and Determines Cardiac Differentiation in Rat Embryonic H9c2 Cells: IL-6 and cardiac
differentiation of H9C2 cells. J. Cell. Physiol. 2016, 231, 576–586. [CrossRef]

61. Exel, J.; Mateus, N.; Travassos, B.; Gonçalves, B.; Gomes, I.; Leite, N.; Sampaio, J. Off-Training Levels of
Physical Activity and Sedentary Behavior in Young Athletes: Preliminary Results during a Typical Week.
Sports 2018, 6, 141. [CrossRef]

http://dx.doi.org/10.1213/ANE.0000000000002864
http://dx.doi.org/10.1097/MED.0b013e328320d54c
http://www.ncbi.nlm.nih.gov/pubmed/19115520
http://dx.doi.org/10.1159/000071224
http://dx.doi.org/10.3892/etm.2015.2853
http://dx.doi.org/10.7570/jomes.2019.28.4.225
http://dx.doi.org/10.7175/rhc.v6i4.1211
http://dx.doi.org/10.1542/peds.2016-1758K
http://dx.doi.org/10.3390/ijerph14020181
http://dx.doi.org/10.1016/j.cmet.2012.12.012
http://dx.doi.org/10.3390/app10144871
http://dx.doi.org/10.1016/j.freeradbiomed.2016.02.007
http://dx.doi.org/10.1210/jc.2013-2305
http://dx.doi.org/10.1097/gme.0b013e31827425c9
http://www.ncbi.nlm.nih.gov/pubmed/23250080
http://dx.doi.org/10.3390/cells9051304
http://www.ncbi.nlm.nih.gov/pubmed/32456308
http://dx.doi.org/10.1055/s-0029-1233464
http://www.ncbi.nlm.nih.gov/pubmed/19685417
http://dx.doi.org/10.1177/039463201002300118
http://dx.doi.org/10.3390/ijms20133299
http://dx.doi.org/10.1002/jcp.25101
http://dx.doi.org/10.3390/sports6040141


Int. J. Environ. Res. Public Health 2020, 17, 8247 14 of 14

62. Izzicupo, P.; Di Baldassarre, A.; Ghinassi, B.; Reichert, F.F.; Kokubun, E.; Nakamura, F.Y. Can Off-Training
Physical Behaviors Influence Recovery in Athletes? A Scoping Review. Front. Physiol. 2019, 10. [CrossRef]

63. Anderson, L.; Close, G.L.; Morgans, R.; Hambly, C.; Speakman, J.R.; Drust, B.; Morton, J.P. Assessment
of Energy Expenditure of a Professional Goalkeeper From the English Premier League Using the Doubly
Labeled Water Method. Int. J. Sports Physiol. Perform. 2019, 14, 681–684. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3389/fphys.2019.00448
http://dx.doi.org/10.1123/ijspp.2018-0520
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Anthropometry and Body Composition 
	Age and Maturity Status 
	Statistical Analysis 

	Results 
	Anthropometric Profile 
	Body Composition 
	Correlation between Years from Peak Height Velocity (YPHV) and Anthropometric Measures 
	Categories for Body Mass Index (BMI), Waist Circumference (WC), Waist to Height Ratio (W/Hr), Birth Quartile, and Achievement of Peak Growth 

	Discussion 
	Conclusions 
	References

