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Abstract

Objectives: This study aimed to assess changes in anthropometric measures, cardiometabolic
markers, and physical fitness following a structured basketball training program in prepubertal boys.
Methods: The intervention consisted of a 6-week pre-season phase followed by a 32-week basketball
training season, conducted during the academic year. Training sessions were held three times per
week at moderate to vigorous intensity and a weekly match. The program was registered at
ClinicalTrials.gov (identifier: NCT07007624). Results: Seventeen boys completed the program and
were assessed at baseline, 6, 9, and 12 months. A reference group of boys was evaluated at baseline
for comparison. At baseline, there were no significant differences in physical fitness between groups.
After nine months, participants in the intervention showed significant improvements in fitness tests,
including the Course Navette (p < 0.001), horizontal jump (p = 0.001), and abdominal test (p < 0.001).
Conclusion: Anthropometric assessments revealed increases in fat-free mass in the trunk and lower
limbs, along with maintenance of a normal BMI. These findings suggest that a structured, school-
based basketball program may enhance physical fitness and improve body composition in healthy
prepubertal boys.

Keywords: child; physical activity; body composition; exercise; cardiovascular diseases

1. Introduction

The participation of children in group or organized physical activities is fundamental for their
holistic development, not only in terms of physical health but also in emotional, social, and cognitive
aspects [1]. However, there is a concerning trend where many children are not regularly involved in
such activities. This lack of participation can be attributed to a variety of factors, ranging from the
increasing dependence on technology to the lack of access to suitable sports programs [2].
Understanding the causes and seeking solutions to encourage active participation of children in
group physical activities is crucial for promoting a healthy lifestyle and optimal development of
social skills from an early age [3].

Regular physical activity improves physical fitness, cardiovascular endurance, muscular
strength, flexibility, lung capacity, body composition, and metabolic health [4,5]. Team sports are
especially effective in promoting health in youth, enhancing strength, flexibility, balance, and
coordination [6], while also reducing body fat [4] and improving cardiorespiratory endurance,
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notably peak oxygen consumption [7]. Basketball stands out as a highly integral sport, distinguished
by its incorporation of various elements such as sprinting, jumping, and feints, which actively engage
both the lower and upper limbs [8]. As a team sport, it encourages active participant involvement,
thereby promoting increased PA and ranks among the sports with the highest levels of practice [9].
Basketball involves high-intensity training coupled with a consistent workout regimen, leading to
comprehensive improvements in physical condition [10], even in children.

Intensive and frequent physical training can significantly influence cardiovascular health in
children and adolescents [11]. While there are studies that exclusively examine cardiovascular
adaptations in response to training, there is limited research that considers physical fitness and its
effects on metabolism and body composition. Thus, the objective of this study was to assess the health
status by examining anthropometric, cardiometabolic, and fitness changes following regular
basketball training after school in boys.

2. Materials and Methods

Study Design and Participants

A prospective, non-randomised controlled intervention study with repeated measures was
conducted. The protocol was registered at ClinicalTrials.gov (NCT07007624). The study was
designed and reported following the TREND statement guidelines (Supplementary material 1).

A basketball after school program was offered to scholars with a medium social/educative class
in Cérdoba (Spain). The inclusion criteria were: age between 7-12 y and a good state of health with
Tanner stage I (prepuberal). Exclusion criteria included the presence of any clinical or analytical sign
of puberty, disease or the use of medication that alters blood pressure (BP) or the glucose or lipid
metabolism. The study was designed following the ethical principles for human research of the
Declaration of Helsinki. It was approved by the local ethics and research committee in the University
Reina Sofia Hospital (Code: 1866). All the participants and their families were informed about the
study and voluntarily agreed to participate. For every child, informed consent from their parents or
legal guardian was obtained. All measurements and data collection were carried out across the school
year (from September to June).

A convenience sample was selected from a large group. First, 20 boys of the same age and gender
were chosen to form a basketball team (group B), in accordance with federal recommendations, and
their training sessions were monitored by a highly qualified basketball trainer. Of these 20
participants, 3 withdrew from the study due to lack of availability to continue. Second, a cohort of 74
boys from a school was selected to form a control group (group C), starting from the same baseline
as the intervention group. The control group only granted permission for a single visit.

Intervention

The intervention basketball program training supervised by a qualified trainer was divided into
two periods: a pre-season period at the beginning of the school year during the first 6 weeks, and
immediately afterward, a season for 32 weeks (until the end of the school year). After that,
recommendations to be active were done for summer holidays and 3 months after the intervention
end, a follow-up visit was carried out.

The pre-season included 5 training sessions (Monday to Friday) per week of 2 hours each one.
This intervention was focused on dribbling, defending and shooting skills. The season included 3
training sessions per week of 2 hours each one (after school) and a match during the weekend. Each
session was divided into 2 periods separated by a break of 10 minutes: the first period focused on
individual skills with moderate- to high-intensity (60-85% of heart rate (HR)) exercises, and the
second period focused on game tactics and strategy.

Outcomes

At baseline (Bo), clinical examination, body composition, physical fitness tests, BP and blood
draws to assess biochemical parameters related to metabolism and cardiovascular health were
carried out in all boys included in the study. Follow-up visits were conducted at 6 months (Bs), 9
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months (Bo), and 12 months (B12) to repeat anthropometric and other measurements, with no training
sessions between Bo and B12 (Figure 1). All measurements were performed under the same conditions:
after emptying the bladder, three hours after rising and eating, and without previous hard exercise.

z BASELINE TIME B6 Bg B12

: BN L TET P I ]

w £l 3 £ E

= ] el gl

[+4 '

= ]

: ’ |

: |

SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

4

o : CLINICAL =

= BASELINE TIME EXAMINATION BIOIMPEDANCE _ . GENERAL

z af |/ ANTHROPOMETRIC

o ,:K S ,  PHYSICAL b & MEASUREMENTS
CONDITION 4 BLOOD SAMPLING

Figure 1. Activity schedule that may occur during each contact with the participant in different times (basal Bo,

and at 6, 9 and 12 months (Bs, By, B12) in boys trained in a basketball program.

Clinical examination

A comprehensive clinical evaluation was performed by trained healthcare professionals,
including a structured anamnesis to collect medical and family history (particularly regarding
metabolic or cardiovascular diseases), current health status, and medication use. Sexual maturity was
assessed following Tanner’s five-stage scale [12], through a physical examination conducted in a
private setting by a paediatric. In boys, this included evaluation of genital development and pubic
hair distribution.

Body Composition

Body weight and height were measured using standard techniques, a beam balance and a
precision stadiometer SECA 213 (Scale 20205 cm; SECA), with the participants lightly dressed and
barefoot. BMI was calculated as weight (kg)/ height (m?) and compared to growth charts for Spanish
children [13]. Body composition components such as fat-free mass and fat mass were obtained by
bioelectrical impedance analysis using a Tanita BC 418 MA Segmental Body Composition Analyser®
(Tokyo, Japan).

Blood pressure

Systolic and diastolic BP and heart rate (HR) were measured in the right arm in a sitting position,
using a random-zero sphygmomanometer (Dinamap V-100) after the subjects had rested without
changing position for at least 5 minutes.

Blood sampling

Fasting blood samples were collected and analysed for hematimetry, glucose, insulin, lipids, and
HOMA-IR. Full procedures are provided (Supplementary Material 2).

Evaluation of cardiorespiratory fitness (Course Navette test)

The Course Navette test was employed to evaluate cardiorespiratory fitness. Participants were
required to run for the maximum possible time in a continuous 20-meter shuttle run at a
progressively increasing speed [14].

Lower body explosive strength (horizontal jump test)

Lower body muscular strength is evaluated through the horizontal jump test [15]. Participants
performed three maximal jumps with feet together; the longest was recorded. A take-off mark
ensured correct foot placement and prevented invalid attempts.
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Core strength (Abdominal test)

Core strength was assessed with a 30-second sit-up test. From a supine position, participants
performed as many correct sit-ups as possible, touching elbows to thighs and returning shoulders to
the mat. A trained evaluator supervised and gave standardized instructions.

Sample Size

As the horizontal jump is one of the main outcomes for this study, the sample size was
determined by calculating the statistical power based on previous study [16], together with a similar
male population, with a power of 0.80 and a 2-tailed « level set to 0.05; the minimum number of
participants required to detect an 8% difference in horizontal jump performance was estimated 17.

Statistical Analysis

The Shapiro-Wilk test was used to assess the normal distribution of variables. Data are expressed
as the mean + standard deviation. To compare physical fitness variables, anthropometric variables
and biochemical parameters at different times in the intervention group, ANOVA test was used,
while to compare the control group with the different times of the intervention group T-student was
used. The study employed the Pearson correlation coefficient to examine the bivariate correlations
among the variables. Correlations models were fitted to assess associations between physical fitness
variables, anthropometric variables, and biochemical parameters at different times. All statistical
analyses were performed in IBM SPSS statistics 25 (IBM Corp., 2017). In all analyses statistical
significance was set at a 2-tailed P value <.05.

3. Results

A total of 91 children participated in the study: 74 in the control group (C) and 20 in the
intervention group (B), of whom 17 completed the study7 (Table 1). Both groups (C) - (Bo) exhibited
differences in baseline anthropometric measurements; no significant differences observed between
groups (C) - (Bo) at baseline in weight, height, weight percentile, height percentile, BMI, and BMI z-
scores. However, there was an increase in weight and height from Bo to B2 in trained boys.
Additionally, lower levels in both systolic and diastolic BP was noted in Bo compared to group C and
maintained during training.

Table 1. General anthropometric measurements at basal time in control (C) and intervention group (Bo), and in

the follow-up after 12 months of the basketball training program (Bi2).

C Bo B

Age (year) 10.7+0.94>  11.3+141° 12.3 £ 141>
Weight (kg) 45.7 +12.77>> 43.8+10.45> 47.0+10.80°
Weight percentile 63.3+31.85 56.8+2832 54.7+28.61
Height (cm) 147.0£9.80= 1494 +8.67> 153 +9.83P
Height percentile 59.8+35.64  65.2+26.09 68.0 +£9.83
BMI (kg/m?) 20.8£3.762  19.5+3.042b 19 +2.57°
BMI Z-Score 0.8+1.23 0.3+0.96 0.1+0.80
DBP (mmHg) 69.3+9.172 62,9 +8.90° 55 +5.99
SBP (mmHg) 126.3+13.14» 114.5+7.68> 108.2 +10.63"
HR (bpm) 82.0+13.24> 66.4+11.57>  69.7 +10.84¢

BMI: Body Mass Index; DBP: Diastolic blood pressure; SBP: Systolic blood pressure; HR: Heart rate. Data are
expressed as mean + standard deviation. One-way ANOVA test was used to compare variables among the
different groups; No matching superscript letters (a, b, ¢, d) indicate significant differences (p<0.05) by two-way
ANOVA and Wilcoxon tests, depending on variables following or not a normal distribution, with repeated

measures.

Significant differences in fat free mass were observed in several body regions in boys trained in
the different times of measurements without differences in total fat free mass (Figure 2A). Specially,
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in the trunk, a reduction in fat free mass was found in B12 compared to Bs and Bo (Figure 2B). In upper
limbs no significant differences were found except an increase in By and B2 respect to baseline time

in right limb (Figure 2C). Lower limbs showed an increase of fat free mass from basal time to the end
of the study at Bi2 (Figure 2D).
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Figure 2. Percentage of fat free mass in different times (basal Bo, and at 6, 9 and 12 months (Bs, By, B12) in boys
trained in a basketball program. Data are expressed as percentages; a: 0.05; b: 0.01; c: 0.001; Bo: basal time; Bs: 6
months of intervention; Bo: 9 months of intervention; Bi2: 3 months after the intervention.

The group of basketball training showed better results in jump and abdominal tests than control
group at basal time without differences in Course-Navette test. After the intervention at Biz, boys
improved their results in all these tests compared with their data at basal time Bo (p<0.001) (Figure 3).
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Figure 3. Physical fitness tests data at basal time in control (C) and intervention group (Bo), and after a year of

follow-up in the boys trained in the basketball program (Bi2). Data are expressed as mean, standard deviation
and significant P-values; a: 0.05; b: 0.01; c: 0.001.

Blood parameters were within the normal range compared with reference values from the
laboratory, indicating that all the children exhibited a state of good health at baseline (for both
groups). It was maintained in the follow-up after the intervention (B12) in the trained group (Table 2).
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Table 2. Blood parameters at basal time in control (C) and intervention group (Bo), and after a year of follow-up

in the boys trained in the basketball program (B12).

C Bo B Reference values

Leukocytes (x1073/uL) 6.49+1.670  6.13+1562> 549 +1.340 4—12.4
Hemoglobin (g/dL) 13.34+1.390  12.82+2372> 13.11+0.75° 12—16
Iron (mg/dL) 77.05+30.14> 60.50 +26.70> 78.82 +21.17 50—170
Ferritin (ng/mL) 31.58+15.61 30.78+12.98 30.24 +13.36 10—120
Glucose (mg/dL) 8721 £12.792 90.15+ 14.46> 92.29 + 7.082b 74—106
Insulin (uUI/mL) 724+511=  8.09 £ 6.152> 8.90 + 3.590 3—25
HOMA 1.50 +1.17a 1.89 +1.34ab 2,04 +0.86° 0—2.9
Cholesterol (mg/dL) 168.87 £22.07 169.40 +27.83 166.18 +26.61 140—220
HDL-c (mg/dL) 57.10+11.152 64.15+11.18> 52.82+11.492 40—80
LDL-c (mg/dL) 91.75+£24.11 91.75+24.11 99.18 +£23.42 50—130
Apolipoprotein a (mg/dL) 145.98 +19.172 148.26 +23.07a 129.88 + 19.31b 105—220
Apolipoprotein b (mg/dL) 70.60 £ 12.900 60.37 + 14.66> 61.06 + 12.92P 65—130
Triglycerides (mg/dL) 64.38 £25.28 65.25+20.30 68.88 +31.00 20—250
Aspartate Transaminase (U/L) 26.73 + 5a 26.10+5.31a  22.82 +3.15b 5—-34
Alanine transaminase (U/L) 19.44+16.27 20.20+11.15 17.35+5.58 10—49
C-reactive protein (mg/dL) 1.88 +3.292 2.55+4.352 0.92 +1.25° 0—10

HOMA IR: Homeostasis Model Assesment of Insulin Resistance; HDL-c: High density lipoprotein cholesterol;
LDL-c: Low density lipoprotein cholesterol.

Data are expressed as mean + standard deviation. One-way ANOVA test was used to compare
variables among the different groups; No matching superscript letters (a, b, ¢, d) indicate significant
differences (p<0.05) by two-way ANOVA and Wilcoxon tests, depending on variables following or
not a normal distribution, with repeated measures.

The Course Navette test was negatively correlated with BMI z-score at baseline (r = -0.521, p =
0.046), and this association became stronger at B2 (r =-0.738, p = 0.010), indicating that higher aerobic
fitness was linked to lower BMI z-scores. At Biz follow-up, the Course Navette test also showed a
significant inverse correlation with C-reactive protein (CRP) levels (r = -0.714, p = 0.009). In addition,
in B12 follow-up, both horizontal jump performance (r = -0.651, p = 0.022) and abdominal test
performance (r =-0.659, p = 0.020) were negatively associated with CRP.

4. Discussion

An afterschool program of basketball training during the scholar year, seems to improve the
body composition and physical fitness in a group of prepuberal boys compared with a similar group
without this intervention.

The limited literature on anthropometric and performance changes in preadolescent basketball
players underscores the need to further explore the benefits of this sport during this key
developmental stage. Some limitations in evaluating the effects of basketball training are associated
with small teams with a controlled number of participants [17] or teams solely comprised of
individuals of a single sex [18]. However, in this study, comparison with a control group at baseline
ensured that all participants began from similar conditions with comparable health statuses prior to
training. Furthermore, the intervention was conducted by expert trainers specifically with this group
of prepubertal boys, preparing them to compete in real conditions against similar counterparts.

Previous studies [19-21] have consistently demonstrated a general increase in all anthropometric
traits during the training period in children who practice basketball, coupled with a decrease in fat
mass. This reduction in fat mass has been attributed to both the rapid growth of fat free mass and a
slower accumulation of fat. Excessive fat mass not only hampers mobility in sports but also adversely
affects physical performance [22]. Decreasing body fat reduces strain on both the musculoskeletal
and cardiovascular systems, thereby enhancing movement efficiency and the capacity for physical
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exercise, resulting in improvements in strength, endurance, and overall functional capability [23]. In
the children participating in this study, a decrease in BMI z-score and fat mass was observed, while
maintaining normoweight values, along with an improvement in Course Navette test. These findings
are consistent with results from another study conducted on children of similar ages, where
participants with higher BMI achieved inferior results in fitness tests [24].

Basketball emerges as an excellent candidate for enhancing body composition and bone mineral
density due to its high-impact nature (Collado-Castro et al. 2025). Sports like basketball are
characterized by their impact and require actions such as jumping, similar to volleyball [25], handball
[26] or dance [27]. On the other hand, full-body sports such as swimming involve both the upper and
lower limbs but lack impact on the body, as it occurs in a microgravity environment where the body
does not experience any impact forces [28]. In our study, a general improvement in fat free mass was
observed in both the lower and upper limbs throughout the training period. Unlike many sports,
such as football, where one leg often predominates, in basketball, both the left and right lower limbs
are used equally, resulting in similar fat free mass development. This equal involvement of both sides
of the body during training contributes to the balanced development of fat free mass [29].
Additionally, engaging in comprehensive sports that involve both lower and upper body training
has been associated with a decrease in fat mass and an increase in fitness levels among prepubertal
and early pubescent children [30].

The Course-Navette test is a widely used tool to assess physical fitness, providing valuable
information on maximal effort and aerobic capacity [31]. It also reflects cardiovascular and
respiratory health through its estimation of maximal oxygen consumption [32]. Children and
adolescents involved in organized sports tend to show better physical fitness and a lower risk of
overweight or obesity [33].This improvement is attributed to their commitment to an active lifestyle,
characterized by regular levels of PA. The systematic practice of sports also promotes cardiovascular
health, which is further associated with anthropometric improvements [34]. In the present study,
there are interesting inverse correlations, specially at the end of the intervention between fitness and
weight and BMI z-score, and with CRP, a classic biomarker of inflammation.

The frequency of sport practice has been closely linked to improvements in fitness [35]. In a
study involving 19 basketball players in training sessions conducted twice a week for 8 weeks
resulted in enhanced cardiorespiratory fitness, explosive strength and core strength [33]. Similarly,
in another study focusing on prepubertal children who trained three times a week for 12 weeks,
improvements were observed in anaerobic capacity, endurance running, and overall strength [30].
Thus, training twice a week emerges as a viable option to achieve health benefits with enhancements
in jumping and running performances, along with an increase in fat free mass, as previously reported
[24]. Furthermore, higher performance in horizontal jumps has been linked to improved sprints and
agility in male adolescent basketball players [36].

It is also evident that participants in the intervention group demonstrate superior performance
compared to those in the control group right from the baseline, particularly in the abdominal and
horizontal jump tests. This discrepancy may be attributed to the fact that individuals in the
intervention group were generally more active and inclined to participate in sports activities
compared to those in the control group.

Both groups showed normal baseline biochemical values, which were maintained post-training
in the basketball group. While high-intensity exercise may induce low-grade inflammation [37],
regular, controlled training improves fitness and body composition without altering metabolic
biomarkers. Exercise enhances insulin sensitivity, glucose tolerance, and lipid profiles, especially in
at-risk individuals [38]. Basketball, in particular, benefits multiple systems and supports disease
prevention during youth [37]. However, these benefits decline after ~12 weeks of inactivity, with
reductions in lean mass evident within three months (B12).

Practical implications

Maintaining regular physical activity is essential to avoid sedentary behaviors that can increase

disease risk. This study supports basketball as an effective strategy to promote fitness and healthy
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body composition during childhood, suggesting its potential as a preventive tool against obesity.
These findings could inform recommendations in pediatric healthcare settings, particularly for
children at risk of excess adiposity or low fitness levels. Future policies might consider structured
afterschool sports programs as part of preventive health strategies in youth populations.
Limitations

This study was limited to prepubertal boys, which may reduce generalizability to girls or older
adolescents. The intervention was conducted in a single setting with a relatively small sample size,
and participation was voluntary, potentially introducing selection bias. Future studies should include
longitudinal follow-ups to assess sustained effects and explore differences by sex, maturation stage,
and training modalities.

5. Conclusions

This basketball training program in prepubertal boys conducted three days a week with a
weekend match over a period of 32 weeks, with a moderate to vigorous intensity, leads to significant
improvements in physical fitness and body composition outcomes contributing to improve the health
status.
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