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Abstract
__________________________________________________________________________________|
Introduction: Physical fitness (PF) is recognized as a crucial element for fostering various

health and performance benefits in children and adolescents. Although PF is determined by ge-
netic and environmental factors, little is known about the degree of influence of these factors
on PF expression among siblings.

Objective: This study aims to examine the degree of sibling resemblance on PF components as
well as estimate the influence of individual and contextual factors on sibling resemblance on PF
among Brazilian children.

Methodology: The sample comprised 784 pairs of siblings (405 boys; 5-15 years), from Lagoa
do Carro, Brazil. PF was assessed with the 20-m shuttle run, standing long jump, handgrip
strength, shuttle run, 20-m dash, and sitand reach. Anthropometry, biological maturation, gross
motor coordination, and school characteristics were also measured.

Results: In general, sibling intraclass correlations differed significantly across sib-ship types for
all PF tests. Same-sex siblings (brother-brother or sister-sister) had higher resemblance in the
sit and reach, shuttle run, standing long jump, and 20-m dash tests (p between 0.06 and 0.36),
while opposite-sex pairs (brother-sister) showed higher resemblance in 20-m shuttle run,
handgrip, and total PF tests (p between 0.05 and 0.27). Further, both individual and school
characteristics were associated with the magnitude of sibling resemblance.

Conclusions: Our results show significant sibling resemblance in PF traits in Brazilian children.
In addition, individual and school characteristics are associated with different PF traits and in-
fluence the magnitude of intrapair shared variance, especially for brother-brother siblings.

Keywords
Children; Physical Fitness; School; Siblings.
Resumen

Introduccién: La aptitud fisica (AF) es reconocida como un elemento crucial para favorecer di-
versos beneficios para la salud y el desempefio en nifios y adolescentes. Aunque la AF esta de-
terminada por factores genéticos y ambientales, poco se sabe sobre el grado de influencia de
estos factores en la expresion de la AF entre hermanos.

Objetivo: Este estudio busca examinar el grado de semejanza entre hermanos en los componen-
tes de la AF, asi como estimar la influencia de factores individuales y contextuales en la seme-
janza entre hermanos en la AF entre nifios brasilefios.

Metodologia: La muestra comprendié 784 pares de hermanos (405 de sexo masculino; 5-15
afios), de Lagoa do Carro, Brasil. La AF se evalu6 con el 20-m shuttle run, el salto de longitud de
pie, la fuerza de prension de la mano, el shuttle run, la carrera de 20 m y el sentarse y alcanzar.
También se midieron la antropometria, la maduracion biolégica, la coordinacién motora gruesa
y las caracteristicas escolares.

Resultados: En general, las correlaciones intraclase entre hermanos difirieron significativa-
mente entre los distintos tipos de parentesco para todas las pruebas de AF. Los hermanos del
mismo sexo (hermano-hermano o hermana-hermana) tuvieron un mayor parecido en las prue-
bas de sentarse y alcanzar, shuttle run, salto de longitud de pie y carrera de 20 metros (p entre
0,06 y 0,36), mientras que las parejas de distinto sexo (hermano-hermana) mostraron un ma-
yor parecido en las pruebas de 20-m shuttle run, la fuerza de prensién de la mano y AF total (p
entre 0,05 y 0,27). Ademas, tanto las caracteristicas individuales como las escolares se asocia-
ron con la magnitud del parecido entre hermanos.

Conclusiones: Nuestros resultados muestran una significativa semejanza entre hermanos en las
caracteristicas de la AF en nifios brasilefios. Ademas, las caracteristicas individuales y escolares
estan asociadas con diferentes caracteristicas de FP e influyen en la magnitud de la varianza
compartida intrapareja, especialmente para los hermanos.

Palabras clave

Aptitud fisica; Hermanos; Instituciones Académicas; Nifio.

491

e
=
S
&
4



mailto:thalianemayara@hotmail.com

2025 (mayo), Retos, 66, 491-504 ISSN: 1579-1726, eISSN: 1988-2041 https:/ /recyt.fecyt.es/index.php/retos/index

Introduction
C_______________________________________________________________________________]
Physical fitness (PF) is a critical aspect to achieve various health benefits in children and adolescents
(Galan-Arroyo et al., 2024). Several studies have shown that it affects various health outcomes, such as
adequate weight status (Garcia-Hermoso et al., 2019; Dykstra et al.,, 2024), metabolic health (Reuter et
al,, 2021; Rodriguez-Gutiérrez etal.,, 2024), cognition (Haapala et al., 2018; Manzano-Sanchez, Gutiérrez-
Espinoza, & Lopez-Gil, 2024), among others (Lema-Gémez et al., 2021; Haapala et al., 2024). Further-
more, children and adolescents who exhibit higher levels of PF tend to be more active and achieve su-
perior PF scores in adulthood in adulthood (Garcia-Hermoso et al., 2022). Consequently, understanding
the factors that influence PF is essential.

PF can be determined by genetic and environmental factors (Pereira et al., 2017a). Family aggregation
studies serve as a method to assess the genetic contribution of a given phenotype among family mem-
bers, including twins, parents and siblings (Bouchard et al., 1997; Plomin et al., 2013). This influence is
quantified through intraclass correlation (p). For instance, Sallis et al. (1989) reported low to moderate
levels of resemblance in cardiorespiratory fitness measured on a cycle ergometer among siblings from
diverse cultural backgrounds, with intraclass correlation coefficients (p) ranging from 0.25 to 0.57 (Sal-
lis et al,, 1989). Additionally, Malina and Mueller (1981) found that, depending on the type of sibling
pair, brother pairs exhibited greater similarity (p between 0.30 and 0.57) compared to sister pairs (p
between 0.27 and 0.44) in static strength tests (handgrip, push and pull) and gross motor performance
tests (standing long jump, 35-y dash, and throwing). Pereira et al. (2017), in turn, examined the degree
of resemblance across various PF components, including morphological, muscular, motor, and cardi-
orespiratory. Their findings indicated that resemblance was higher in the morphological component (p
between 0.15 and 0.60) compared to the muscular (p between 0.08 and 0.30), motor (p between 0.09
and 0.47) and cardiorespiratory components (p between 0.11 and 0.50) (Pereira etal., 2017a). It is note-
worthy that in this study, the intraclass correlation values were adjusted for biological, behavioral, and
sociodemographic variables such as age, sex, biological maturation, socioeconomic status and level of
physical activity.

Typically, siblings have 50% of their genes in common, which are identical by descent (Falconer & Mac-
kay 1996), additionally, they share common environments. However, they may differ in various aspects,
including age, gender, physical development and other health-related attributes. Additionally, engage in
activities that are not shared with their sibling, such as play and activities that lack the participation of
their sibling (Plomin et al., 2013). In many Latin American countries, especially in regions with greater
social vulnerability, contextual factors, such as geographic location, access to equipment for physical
activities, health practices and public policies, are also factors that can influence the expression of a
particular phenotype (Flores-Mendoza et al., 2015; Santos et al., 2022). School serve as a critical indica-
tor of socioeconomic vulnerability, as it is negatively related to PF and cognitive performance (Lemes et
al,, 2021). In this sense, analyzing the degree of resemblance between siblings using statistical models
that allow the addition of a range of covariates at the individual and contextual levels can help to under-
stand why individuals from the same family show similarities or differences.

Therefore, this study has two objectives: (1) to investigate the degree of sibling resemblance (between
brother-brother, sister-sister and brother-sister pairs) in PF components; (2) to estimate the influence
of individual (age, biological maturity, body mass index, blood pressure and gross motor coordination)
and contextual (infrastructure and policies and practices of the school) factors on sibling resemblance
on PF among Brazilian children.

Method
|

Participants

This study is part of the Healthy Life Project in Lagoa do Carro: a family-based study, which investigates
the relationships between physical growth, motor development markers and health aspects in children
and adolescents residing in Lagoa do Carro, northeastern Brazil. It is a cross-sectional and school-based
design (Thomas, Nelson, & Silverman, 2015), following the recommendations of Strengthening the Re-
porting of Observational Studies in Epidemiology (Von Elm et al., 2014). All children who had siblings
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enrolled in public schools from Lagoa do Carro and carried out the measurements were included. Within
each school, all children were invited to participate, and the response rate was >95%.

The sample consisted of 784 individuals (405 boys), aged 5-15 years (9.52+2.61), belonging to 274 fam-
ilies, varying from two, three and four siblings, 57.1%, 33.7% and 9.2% respectively, which represents
more than half of the municipality's school population. Children were assessed individually on the two
days, firstly in anthropometric measurements and gross motor coordination tests; later, on PF tests. If
necessary, missing data were collected during an additional visit. All data were collected between April
2018 and November 2018, according to the school calendar. No seasonality is to be expected given that
the temperature and weather conditions are stable during this period.

Parents or legal signed informed consent to certify their agreement regarding their child's participation.
The study was conducted according to the Helsinki Declaration and approved by the Ethics and Re-
search Committee of the University of Pernambuco (CAAE: 83143718.3.0000.5192; CEP/UPE:
2.520.417), as well as the approval of all participating schools.

Instruments and procedures
Physical Fitness

PF tests were selected from FitnessGram (Welk & Meredith, 2008), PROESP (Gaya et al., 2012), and EU-
ROFIT (American Alliance for Health, Physical Education and Recreation, 1980) standardized test bat-
teries. The following theses were administered:

1. 20-m Shuttle run: Participants run between two parallel lines set 20 meters apart, following in-
creasing speeds dictated by an audio signal at each stage. The speed increases progressively by
0.5 km/h per minute. The test concludes when the participant is unable to maintain the required
pace or voluntarily withdraws. The number of laps completed, and the final stage reached were
recorded to determine the total distance in meters covered.

2. Handgrip strength: Participants were instructed to exert maximum force with their dominant
hand on a portable dynamometer (TKK, model 5001) for 2 to 5 seconds. Two attempts were
performed, with an interval of approximately 10 seconds between them. The force produced in
each attempt was recorded in kilograms-force (kgf), and the arithmetic mean of the three meas-
urements was used for analysis.

3. Standing long jump: Participants performed a standing horizontal jump, starting from a static
position with both feet together. Two attempts were allowed, with intervals of 5 to 10 seconds
between jumps. The distance for each attempt, measured in centimeters from the starting line
to the closest point of contact with the ground, was recorded.

4. Sit and reach: Participants must sit with fully extended knees, placing the plantar region of the
feet completely on the Wells bench. They were instructed to flex their trunk and reach forward
as far as possible along a centimeter scale affixed to the top of the bench. The distance reached
was recorded in centimeters and the arithmetic mean of the two measurements was used for
analysis.

5. 20-m dash: Participants performed a maximal-effort sprint between two parallel lines set 20
meters apart. Starting from a standing position with one foot just behind the starting line, they
were instructed to sprint as fast as possible and fully cross the finish line. The test concluded
when the participant crossed the second line, and the completion time was recorded in seconds.
The arithmetic mean of the two measurements was used.

6. Shuttle run: Participants performed a maximal effort run between two parallel lines set 10 me-
ters apart. Two wooden or foam blocks were placed beyond one of the lines. Participants ran to
retrieve the first block, returned to the starting line to place it down, and then repeated the task
to retrieve the second block. The time taken to complete the test was recorded in seconds and
the arithmetic mean of the two measurements was considered.

A general PF score was also used: firstly, the results of the individual tests were transformed into z-
scores; then, an unweighted sum of the entire z-score was computed.
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Anthropometry

Stature was measured with children’s head in the Frankfurt plane with a portable stadiometer (Sanny,
Brazil) to the nearest 0.1 cm. Body mass was measured with children wearing light clothing and without
shoes using a portable digital scale (Glicomed, Brazil) to the nearest 0.1 kg. Body mass index (BMI) was
obtained by the ratio of body mass to squared stature (kg/m2). All measurements were performed fol-
lowing the procedures suggested by Lohman, Roche and Martorel (1988).

Biological maturation

Biological maturation was estimated using the maturity offset (Mirwald et al., 2002), which uses sex-
specific equations from data on age, stature, sitting height, and lower limb length to predict the distance
in years that each participant is from reaching peak height velocity (PHV). A positive maturity offset
value represents the number of years the participant is beyond the PHV, while a negative value repre-
sents the number of years the participant is before the PHV

Blood pressure

Systolic and diastolic blood pressure (SBP and DBP) was measured by an oscillometric electronic device
was used (OMRON, model HEM 742; Omron Healthcare, Hoofddorp, Netherlands), with an adequate
pediatric cuff size (10 to 35 cm). Three consecutive measurements were taken with children in a seated
position with their torso leaning against the chair and arms relaxed, with a minimum rest of 5 min before
the first measurement and a 2 min interval between the other measurements, following national guide-
lines (Malachias et al.,, 2016). The average of three measurements was considered.

Gross motor coordination

Gross motor coordination was assessed with the Korperkoordinationstest fiir Kinder battery (KTK;
Kiphard, & Schilling, 1974), which includes the following tests: (1) walking backwards along a balance
beam, (2) jumping sideways, (3) hopping for height on one foot, and (4) moving sideways. The raw
scores of each test were summed to express the overall GMC score. This approach was advocated by
Schilling (2015).

School information

Aspects related to the school context, as well as policies and practices related to physical activity and
healthy eating at school were obtained by applying an adapted version of the ISCOLE questionnaire to
the principals of participating schools; in addition, a direct observation of the school environment was
carried out by the researchers. The questionnaire includes items related to infrastructure and spaces
(e.g., location, size and physical structure etc.), curricular and extracurricular activities (e.g., attendance
of physical education classes, sports in after-school hours), policies and practices related to physical
activity (e.g, intra- and inter-school sporting events etc.) (Katzmarzyk et al., 2013)

Data quality control

Data quality control was assessed in three stages. Firstly, a steering committee provided systematic
training to the team members on all methodological procedures. After, a pilot study was conducted at a
school from Lagoa do Carro to verify the approximate time of data collection. Thirdly, a reliability-in-
field procedure was used, such that three to five students were randomly selected on alternating assess-
ment days and re-tested. Reliability-in-field procedures were used, where three to five students (42 in
total) from each school were randomly selected on alternating assessment days and re-tested a week
apart. TEM for stature, body mass and sitting height were 0.2 cm, 0.1 kg and 0.1 cm, respectively. Test-
retest reliabilities for motor tests ranged from 0.81 (4 x 10-m shuttle run) to 0.95 (handgrip strength)
for PF, and between 0.81 (walking backwards) and 0.96 (hopping for height on one foot) for GMC. Fi-
nally, double entry of information and systematic checks of all data entries were done to identify and
correct putative input errors.

Data analysis

Descriptive statistics and analysis of variance (ANOVA) were performed to assess differences among
brother-brother (BB), sister-sister (SS) and brother-sister (BS) pairs using SPSS 23 (IBM SPSS Corpora-
tion, New York, USA), with Bonferroni post-hoc applied when necessary. Given the nested structure of
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the data (i.e., sib-ships pairs), multilevel modeling was employed. The null model compared a con-
strained model, which assumed equal intraclass correlation (p) across sibling pairs, to a model that al-
lowed p to vary freely among sibling pairs (M1), both without covariates. Model 2 (M2) incorporated
individual covariates, including age, age2, maturity offset, BMI, SBP and GMC. The final model (M3) in-
cluded the M2 and added school characteristics, such as area, school size, recess area [<29m as refer-
ence], obstacles and irregularity in the recess area, presence of sports courts and PE classes, and avail-
ability of extracurricular sports and competitions between schools. All covariates were centered at their
respective means, as recommended by Hox (2010). Separate intraclass correlations (p) and 95% confi-
dence intervals (95% CI) for the three sibling types (BB, SS and BS) were also calculated, accordingly
suggested by Hedeker and Mermelstein (2012). Intraclass correlations were computed in three forms:
unadjusted, partially adjusted (including individual characteristics), and fully adjusted (including school
characteristics). In all models, the BB pairs served as the reference category. All parameters were esti-
mated using maximum log likelihood (Goldstein et al., 2002). Model comparisons were conducted using
the likelihood ratio test. All analyses were performed in STATA 14, with the alpha level set at 0.05.

Results
___________________________________________________________________________________]
Descriptive statistics for all PF tests, anthropometry, biological maturation, blood pressure, and gross
motor coordination are shown in Table 1. Sibling pairs had similar chronological ages, but SS pairs were
more mature than BB pairs. However, BB pairs had higher values than BS pairs on BMI. Stature, body
mass, and blood pressure did not differ between sibling pairs.

For PF tests, BB pairs had better performance in the 20-m shuttle run tests than SS pairs and were
stronger than SS and BS pairs. BB pairs outperformed BS and SS pairs in the standing long jump, 20-m
dash and shuttle run, as well as BS pairs were better than SS pairs in these tests. Finally, BB and BS pairs
presented better gross motor coordination than SS pairs.

Table 1. Descriptive characteristics (Mean+SD) and comparisons by sib-types (n=784).

Variables SS (n=180) BB (n=206) BS (n=398) F Post-hoc
Age (years) 9.22+2.60 9.77+2.64 9.55+2.59 2.15
Maturity offset (years) -2.45+2.10 -3.08+2.06 -2.76+2.05 4.36* SS>BB
Anthropometry
Stature (cm) 134.15+16.83 136.96+15.05 135.76+15.92 1.49
Body mass (kg) 32.75+13.67 34.45+12.99 32.35+x11.59 1.95
BMI (kg/m?) 17.38+3.54 17.80+3.61 17.00+£2.90 4.10* BB>BS
Blood pressure
Systolic (mmHg) 103.05+15.22 103.57+£13.93 101.73+£13.32 1.31
Diastolic (mmHg) 65.22+11.51 65.15+11.51 63.67+11.53 2.00
Physical fitness
20-m Shuttle run (m) 346.62+173.41 442.43+249.94 394.57+238.16 7.24** BB>SS
Handgrip strength (kgf) 14.49+6.07 17.66+8.24 16.05+7.56 8.71%* BB>SS and BS
Sitand reach (cm) 27.42+5.44 26.51+6.19 26.18+6.10 2.51
Standing long jump (cm) 99.63+23.35 118.51+27.29 111.92+25.82 24.27%** BB and BS>SS; BB>BS
20-m dash (s) 5.18+0.73 4.65+0.54 4.80+0.64 31.4%* BB and BS>SS; BB>BS
4x10-m shuttle-run (s) 15.81+2.09 14.55+1.97 14.98+1.87 18.78*** BB and BS>SS; BB>BS
Gross motor coordination
KTK sum (score) 130.25+45.19 130.25+45.19 145.74+51.37 10.83*** BB and BS>SS

Note: BMI, body mass index; KTK, Korperkoordinationstest fiir Kinder. *p<0.05; **p<0.01; ***p<0.001.

School characteristics are presented in Table 2. The number of schools in rural and urban areas was the
same (50.0%), and the number of students in the schools ranged from 26 to 440. Most schools had ample
spaces for recess (75.0%), but 66.7% had obstacles (e.g., pillars), and 58.3% had irregularities in the
floor. Further, 83.3% of schools did not have multi-sports courts. Finally, 83.3% of the schools did not
have physical education classes or extracurricular sports, and only 25.0% held sports competitions be-
tween schools.
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Table 2. Descriptive characteristics for school-level variables.
Characteristics Mean+SD

School size (number of students) 164.67+115.82
n (%)
Area
Rural 6 (50.0)
Urban 6 (50.0)
Physical structure of the school
Playground area
<30m? 3(25.0)
30m? to 49m? 4(33.3)
> 50m? 5(41.7)
Playground characteristics
With obstacles 8(66.7)
Without obstacles 4(33.3)
With floor irregularity 7 (58.3)
Without floor irregularity 5(41.7)
Multi-sports court

Yes 2(16.7)
No 10 (83.3)

Policies and practices

Physical education classes

Present 2 (16.7)
Absent 10 (83.3)

Extracurricular sports
Present 2 (16.7)
Absent 10 (83.3)

Sports competitions between schools

Present 3(25.0)
Absent 9 (75.0)

The associations between individual and school covariates, and health-related PF tests are shown in
Table 3. Model 3 fit the data significantly better than model 2 for all PF tests, meaning that school vari-
ables were important in explaining sibling resemblance after adjustments for all individual characteris-
tics.

For 20-m shuttle run, all sibs exhibited similar scores to BB pairs, which averaged =195.47+83.28.
Older siblings, less mature, with lower BMI and higher GMC, and those studying in smaller schools, had
better cardiorespiratory fitness. In the handgrip strength, SS and BS had lower values than BB pairs,
which averaged =13.44+1.15. Older siblings, with higher BMI and GMC showed higher values. Further,
siblings from urban areas and who took PE classes had more static strength. For sit and reach test,
younger siblings but biologically more mature, and who studied in smaller schools performed better.

Table 3. Estimates and standard errors (SE) for each health-related physical fitness test.

. 20-m SR (m) Handgrip (kgf) Sitand reach (cm)
Fixed effects Estimate+SE Estimate+SE Estimate+SE
Intercept (BB) 195.47+83.28** 13.44+7.15%** 29.99+2.20%**
SS -0.52+25.78 -1.13+£0.41** -0.49+0.79
BS -29.11+22.56 -0.83+0.37* -0.88+0.66
Age (years) 45.94+9.93*** 1.48+0.14%** -1.08+0.28***

Age? (years) 3.07+2.20 0.15+0.03*** 0.01+0.05

Maturity offset (years) -38.51+£10.71*** -0.13+0.15 0.70+0.30*

BMI (kg/m?) -18.65+3.03*** 0.50+0.05%** 0.02+0.09

SBP (mmHg) 0.26+0.69 0.01+0.01 0.02+0.02

GMC (sum of points) 1.7740.25%** 0.03+0.00*** 0.01+0.01

Area (reference: rural) 26.56+49.09 1.52+0.76* -1.62+1.45

Size (n of students) -0.35+0.17* 0.01+0.00 -0.01+0.01*
Recess area: 30m? to 49m? 62.45+70.38 1.65+0.96 -2.01+1.79
Recess area: >49m? 110.31+68.41 1.41+0.93 0.25+1.73
Obstacles (reference: no) 61.74+101.51 -1.34+1.57 -2.45+2.8
Court (reference: no) -164.67+0.27 -0.43+1.74 1.87+3.36
Floor irregularity (reference: no) -89.23+£111.84 1.36+1.74 0.94+3.15
PE classes (reference: no) 199.04+226.08 4.87+2.26* 6.53+4.62
Extracurricular sports (reference: no) 0 0.93+2.81 -4.75+5.32
Competitions between schools (reference: no) 195.47+83.28 -5.27+2.79 -2.58+5.41

Note: 20-m SR, 20-m Shuttle run; BB, brother-brother; SS, sister-sister; BS, brother-sister; BMI, body mass index; GMC, Gross motor coordi-
nation; PE, physical education; SBP, systolic blood pressure. *p<0.05; **p<0.01; ***p<0.001.
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Table 4 shows associations between individual and school covariates, and performance-related PF tests.
In the standing long jump, BB pairs ($=97.88+6.59) outperformed BB pairs at baseline. Younger siblings,
less mature and those with better motor coordination jumped greater distances. Siblings who studied
in schools with higher playgrounds also performed better. In the 20-m dash, BB pairs had 3=4.98+0.20
at baseline. SS required more time to cover the 20-m distance than BB pairs. Older and more mature
siblings, as well as siblings more coordinated and with lower BMI were faster. In addition, those from
schools with more students and irregularities on the playground floor performed worse. For shuttle run,
SS and BS had similar performance to BB pairs. Older and less mature siblings performed better, as did
those with better GMC and blood pressure. Siblings who studied in schools with fewer students, but
which had higher and better playgrounds (no obstacles and irregularities), and which offered extracur-
ricular sports performed better. However, siblings who attended schools that held inter-school compe-
titions performed worse. Finally, older siblings, more coordinated and who study in schools with PE
classes, have higher total PF scores.

Table 4. Estimates and standard errors (SE) for each performance-related physical fitness test.

SLJ (cm) 20-m dash (m/s)

4x10-m

shuttle-run (m/s) PF total (z-score)

Fixed effects

Estimate+SE

Estimate+SE

Estimate+SE

Estimate+SE

Intercept (BB) 97.88+6.59*** 4.12+0.18*** 2.46+0.08*** -2.01+£1.03

SS -7.68+2.28** -0.19+0.06** -0.06+0.03* -1.01+0.36**

BS -2.01+£1.78 -0.05+0.05 -0.03+0.02 -0.69+0.27*

Age (years) 6.08+0.87*** 0.10+0.02*** 0.06+0.01*** 0.81+0.12%**
Age? (years) -0.43+0.16** -0.01+0.01** -0.01+0.01** 0.02+0.03

Maturity offset (years) -2.57+0.95** -0.09+0.02%*** -0.04+0.01*** -0.41+0.14**

BMI (kg/m?2) -0.50+0.27 -0.02+0.01* -0.01+0.01 -0.04+0.04
SBP (mmHg) 0.09+0.06 -0.00+0.00 0.01+0.00 0.01+0.01

GMC (sum of points) 0.21+0.02%** 0.01+0.00%** 0.01+0.00%** 0.04+0.00%**
Area (reference: rural) -7.87+4.20 0.04+0.10 0.05+0.05 0.32+0.61

Size (n of students) -0.01+0.02 -0.00+0.00*** 0.01+0.00%* -0.00+0.00*
Recess area: 30m? to 49m? 6.32+5.21 0.02+0.15 0.12+0.07 0.99+0.86
Recess area: >49m? 11.26+5.03* 0.08+0.15 0.08+0.06 1.65+0.84*
Obstacles (reference: no) -5.53+7.90 0.20+0.21 -0.24+0.10%* -1.10+1.18
Court (reference: no) 1.2749.41 -0.12+0.22 0.28+0.12** 0.35+1.32
Floor irregularity (reference: no) 14.12+9.00 -0.68+0.23** 0.38+0.11** 0.16+1.33
PE classes (reference: no) -18.80+14.32 -0.07+0.37 -0.29+0.19 -0.69+2.96

Extracurricular sports (reference: no) -11.69+15.17 0.45+0.37 0.58+0.19** 0

Competitions between schools (reference: no) 30.84+16.33 -0.40+0.44 2.46+0.08** 0.46+2.56

Note: BB, brother-brother; SS, sister-sister; BS, brother-sister; BMI, body mass index; GMC, Gross motor coordination; PE, physical education;
PF, Physical fitness; SBP, systolicblood pressure; SLJ, Standing long jump. *p<0.05; **p<0.01; ***p<0.001.

Intraclass correlations for fitness variables adjusted and unadjusted for individual and school charac-
teristics are presented in Table 5. In general, BB pairs had higher resemblance in the sit and reach, and
shuttle run tests; SS pairs showed higher resemblance in standing long jump and 20-m dash, while BS
pairs showed higher resemblance in 20-m shuttle run, handgrip and total PF.

Significant variations in the p coefficients were also found after adjustments for individual and school
characteristics (Models 2 and 3). For example, for 20-m shuttle run, the unadjusted correlation was 0.19
and 0.11 for BB and SS, and decreased to 0.07 and 0, respectively. In contrast, the BS correlation in-
creased after the inclusion of all covariates (from 0.22 to 0.27). For handgrip strength, BS pairs correla-
tion increased after adjustments (from 0 to 0.24), while BB and SS pairs did not change substantially. In
the standing long jump, the unadjusted correlation was 0.17, 0.15, and 0.07 for BB, SS, and BS pairs, with
a significant reduction after the inclusion of covariates, especially for BB and BS (from 0.06 and 0, re-
spectively); SS pairs correlations did not change substantially. For the 20-m dash, BB unadjusted corre-
lation was 0.04 and increased to 0.23 after adjustments; BB and BS pairs had slight changes. In the shut-
tle run test, correlations increased significantly for BB pairs (from 0.10 to 0.19) and dropped for SS pairs
(from 0.36 to 0.24). However, BS pairs correlations did not change. Finally, for the sit-and-reach test and
total PF, correlations did not change substantially for all sib-types.
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Table 5. Intraclass correlation coefficients (p) and their 95% confidence intervals for each test of physical fitness: unadjusted and adjusted
for individual and school characteristics (Models 1, 2 and 3).

Variables and Models BB (95%CI) SS (95%CI) BS (95%CI) LL ALL
20-m Shuttle Run (m)
Null model -3827.08
M1 (without covariates and different p) 0.19 (0.05t0 0.49) 0.11(0.01to 0.56) 0.22 (0.10to 0.42) -3816.40 10.68**
M2 (individual characteristics) 0.11 (0.01 to 0.55) 0 0.26 (0.14t0 0.45) -3672.61  143.79***
M3 (school characteristics) 0.07 (0.01 to 0.71) 0 0.27 (0.15t0 0.46)  -3664.38 8.23***
Handgrip (kgf)
Null model -2623.97
M1 (without covariates and different p) 0.10 (0.01to 0.50)  0.21 (0.07 to 0.47) 0 -2613.08 10.89**
M2 (individual characteristics) 0.05(0.01to 0.80) 0.28 (0.12t0 0.52) 0.20(0.09t0 0.38) -1756.00 857.08***
M3 (school characteristics) 0.06 (0.00t0 0.76)  0.18 (0.04to 0.51)  0.24 (0.13t0 0.42)  -1744.21 11.79***
Sitand reach (cm)
Null model -2254.43
M1 (without covariates and different p) 0.34(0.19t0 0.53)  0.09 (0.01to 0.60) 0.12 (0.03to 0.35)  -2250.00 4.43ns
M2 (individual characteristics) 0.32(0.17t0 0.53) 0.10(0.01to 0.60) 0.13(0.03to 0.39) -2057.73  192.27***
M3 (school characteristics) 0.36 (0.20t0 0.56)  0.12(0.01to 0.56) 0.11 (0.02to 0.40) -2051.18 6.55**
SLJ (cm)
Null model -2884.01
M1 (without covariates and different p) 0.17 (0.04to 0.47)  0.15(0.03to 0.50) 0.07 (0.01to 0.48) -2881.49 2.52ns
M2 (individual characteristics) 0.03 (0.00to 0.97)  0.22 (0.06 to 0.50) 0 -2600.31  281.18***
M3 (school characteristics) 0.06 (0.01t0 0.78)  0.14 (0.02 to 0.52) 0 -2588.82 11.49%**
20-m dash (m/s)
Null model -471.42
M1 (without covariates and different p) 0.08 (0.01t0 0.59) 0.33(0.17 to 0.55)  0.07 (0.01 to 0.45) -468.94 4.48%**
M2 (individual characteristics) 0.17 (0.05t0 0.49) 0.32(0.15to0 0.56) 0.07 (0.01 to 0.47) -316.92 152.02%**
M3 (school characteristics) 0.17 (0.05t0 0.49)  0.29(0.12to 0.55)  0.01 (0.01 to 0.99) -292.76 24.14***
4x10-m shuttle run (m/s)
Null model -181.52
M1 (without covariates and different p) 0.06 (0.00to 0.76)  0.27 (0.11to 0.51)  0.10 (0.02 to 0.38) -179.97 1.55ns
M2 (individual characteristics) 0.21(0.07 t0 0.48)  0.24(0.09to 0.51)  0.13 (0.04 to 0.38) -103.06 76.91***
M3 (school characteristics) 0.24 (0.09 to 0.50)  0.26 (0.20to 0.52)  0.13 (0.04 to 0.38) -86.64 16.42%**
PF (z-score)
Null model -1494.37
M1 (without covariates and different p) 0.04 (0.00t0 0.99) 0.18(0.07 to 0.41) 0.12 (0.03to 0.40) -1493.06 1.31ns
M2 (individual characteristics) 0.24 (0.10 t0o 0.48) 0.28(0.13to 0.50) 0.18 (0.07 to 0.41)  -1205.71  287.35***
M3 (school characteristics) 0.23 (0.09t0 0.49) 0.29(0.14to 0.50) 0.12 (0.03to 0.42)  -1199.00 6.7 1+**

Note: SLJ, standing long jump; PF, physical fitness; BB, brother-brother; SS, sister-sister; BS, brother-sister; LL, Log-likelihood; *p<0.05; **p<0.01;
*kk
p<0.001.

Discussion
__________________________________________________________________________________________________________________|
Based on an ecological perspective and a multilevel modeling analysis, our study examined sibling re-
semblance in PF, as well as the associations of individual and contextual characteristics in the expression
of these markers. While the degree of resemblance between sibling pairs varied across studies, these
discrepancies can be attributed to factors such as sample size, age group, statistical methodologies, and
the covariates considered. Our findings indicate that siblings exhibit similarities in several traits. How-
ever, the variation in the magnitude of correlations is influenced by the type of sibling pair (i.e., brother-
brother, sister-sister, or brother-sister) and the statistical adjustments made for covariates.

Several studies have analyzed the resemblance between sibling pairs, but few have examined the degree
of resemblance between pairs of the same or opposite sex, which limits the possibility of comparison
between studies (Pereira et al.,, 2017a; Sallis et al., 1989; Santos et al., 2022). After adjusting for individ-
ual and school characteristics, we observed low correlations (< 0.50) across all traits. Notably, same-sex
pairs exhibited greater resemblance than opposite-sex sibling pairs in flexibility (favoring BB pairs),
speed (favoring SS pairs), and agility (favoring both BB and SS pairs). These pairs exhibited a greater
resemblance in cardiorespiratory fitness and static strength. Only the standing long jump and the total
PF were very low across all sibling types (ICC < 0.20). Pawlak (1984) reported higher correlations in SS
pairs (p = 0.44) and BB (p = 0.24) in comparison to BS pairs (p = 0.21) regarding handgrip strength
among adolescents. Vasquez et al. (2007), in their analysis of the resemblance among Portuguese sibling
pairs aged 10 to 18 years, reported values ranging from 0.22 (curl-up) to 0.49 (1-mile run/walk) for
same-sex siblings. In contrast, opposite-sex pairs exhibited correlation coefficients from 0.02 for the
trunk lift test to 0.14 for the curl-up test, although not adjusted for covariates. In their study, Pereira et
al. (2017a) demonstrated that the resemblance among Portuguese siblings aged 9 to 20 years varied
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from 0.11 for the 1-mile run/walk test to 0.54 for handgrip strength in same-sex siblings, and from 0.09
for the standing long jump to 0.14 for the 1-mile run/walk test in opposite-sex siblings. This study con-
sidered various covariates, including biological factors (e.g., age and biological maturation), behavioral
factors (e.g., physical activity and daily television viewing time), and demographic factors (e.g., socioec-
onomic status). More recently, Santos (2022) evaluated siblings aged 6 to 15 years from three different
regions of Peru and observed that adjustments for individual characteristics and geographic region of-
ten resulted in a reduction (e.g. in handgrip strength and standing long jump) or complete annulment
(e.g., in shuttle run) of the similarity between sibling pairs.

The differences observed in comparison to previous studies could be attributed to the age and ethnic
composition of each sample, the diversity of adjustment covariates in the data analysis, and the socio-
demographic, cultural, and financial characteristics of families in each region. Siblings share on average
half of their genes due to ancestry (Falconer & Mackey, 1996; Schutte, Bartels, & Geus, 2017) and a
shared family environment. Studies evaluating the degree of similarity between siblings in morpholog-
ical traits, such as body composition (Pereira 2017a) and somatotype (Pereira et al.,, 2017b), show that
siblings of the same sex tend to show more similarity than siblings of the opposite sex. As is well known,
boys and girls undergo different processes of change as a result of biological maturation. Boys tend to
gain more muscle mass and skeletal tissue, while girls tend to gain more adipose tissue, especially due
to the development of the breasts and greater accumulation of fat in the hips (Malina, Bouchard, & Bar-
Or, 2004), which tends to impact performance in PF tests, and justify why siblings of the opposite sex
tend to show less similarity in most tests.

However, they may also differ in various physical and behavioral characteristics, as well as in their
unique experiences within non-shared environments (Plomin et al,, 2013). Lagoa do Carro, a city in
northeastern Brazil, has one of the lowest human development indices (0.609) in the state of Pernam-
buco and ranks 3927th out of 5565 municipalities nationwide. Notably, over 90% of school children in
the municipality receive government assistance, which is available only to families with a per capita
income of less than 178 reais (approximately $30 per person per month). This precarious situation ad-
versely affects critical aspects of public health, including the lack of potable water supply and inadequate
sewage network coverage. Furthermore, the community experiences significant insecurity, disor-
ganized traffic, and a scarcity of public spaces for recreation and leisure, which restricts opportunities
for physical activity and limits access to motor experiences.

The influence of contextual factors on health behavior is well-established (Bauman et al., 2012; Swin-
burn et al., 2011). In childhood and adolescence, school is one of the most important contexts in child
development particularly in health education (Spruijt-Metz, 2011), both in terms of opportunities for
diverse physical activity and motor experiences, which can significantly impact PF, and in terms of pre-
ventive health interventions such as promoting healthy eating and preventing obesity (Harrison & Jo-
nes, 2012; Henrique et al., 2017). After adjusting for individual characteristics and the school context,
we observed changes in the resemblance values, especially in BB pairs. One possible explanation this
finding may relate to participation in physical and sporting activities offered in schools. While schools
for younger children often have limited space for outdoor exercise and provide few sports programs,
schools for older children have regular physical education classes and intramural and intermural sports.
These activities tend to be more popular among boys than girls, who generally engage in less exercise
or sports at school. Consequently, girls often participate in play and active games at home or in their
neighborhoods, which diminishes the influence of age differences between sisters on their participation.

Multilevel analysis revealed that individual sibling characteristics were differently associated with per-
formance on PF tests, with the magnitude and direction of some associations differing across studies.
First, we found that chronological age was associated with better performance on all tests from PF, ex-
cept for the general PF score. Conversely, biological maturation exhibited a negative relationship with
cardiorespiratory fitness performance, standing long jump, speed, and agility, while showing a positive
association with the flexibility component. Santos et al. (2022), studying Peruvian siblings aged 6 to 15
years, found that maturation progression was not significantly associated with performance in the
standing long jump and shuttle run tests (Santos et al., 2022). In contrast, Pereira et al. (2017a), who
studied Portuguese siblings aged 9 to 20 years, reported that advancements in maturation were linked
to shorter completion times in speed and agility tests, as well as improved performance in the standing
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long jump test (Pereira et al., 2017a). These discrepancies may be influenced by variations in age range
and other cultural factors, although further studies are needed to confirm these statements.

Body mass index is a well-established correlate of cardiorespiratory fitness, with research indicating
that higher BMI is associated with lower aerobic capacity. It is plausible to assume that a higher BMI
may also impact performance in sprint tests, as excess weight directly affects the mechanical efficiency
of movement, particularly in tasks that require the body to be moved through space (Henrique et al,,
2018). This interpretation extends to the observed relationship between GMC and PF, especially in tests
that involve the displacement of the center of mass, both vertically and horizontally. The increase in
inertia associated with higher body mass directly influences the mechanical work required to perform
motor tasks (Jabbour & Majed, 2019). Furthermore, GMC has been positively correlated with improved
performance in static strength (e.g. handgrip) and dynamic strength (e.g., standing long jump) tasks, as
well as with overall PF scores, a trend frequently observed in studies involving non-sibling participants
(Utesch et al., 2019). Interestingly, systolic blood pressure was found to be negatively associated with
shuttle run performance, i.e., the higher the systolic blood pressure, the longer it took to complete the
test. Future research should explore the underlying reasons for this association.

Regarding school characteristics, our findings indicate that children attending schools with more stu-
dents performed worse on most tests of cardiorespiratory fitness, flexibility, speed and agility. However,
students in schools with ample recreational areas and without irregularities in the courtyard floor
demonstrate better performance in PF motor components, particularly in tests involving speed, agility
and lower limb strength. Although there is a lack of studies confirming these results, it is reasonable to
suggest that such infrastructural features facilitate participation in games and active play, which often
involve running, changing directions and jumping in different directions. However, when a school has a
high student enrollment without a corresponding increase in available space, it is intuitive to conclude
that this may limit opportunities for diverse motor experiences.

Conversely, children attending schools that offer physical education classes tend to perform better on
static strength tests and exhibit higher overall performance PF. A recent meta-analysis involving over
50,000 young individuals demonstrated that both the quantity and duration of physical education clas-
ses are fundamental aspects that have a positive impact on overall PF; but only the quality of these clas-
ses influences the development of motor skills (Garcia-Hermoso et al., 2022; Garcia-Hermoso et al.,,
2020). Additionally, children enrolled in schools that provide extracurricular sports or participate in
interschool sports competitions also had better agility. Notably, school sports programs typically in-
clude soccer, which is the most popular sport in the country, as well as dance forms such as ballet and
frevo, a regional dance specific to the state, while inter-school competitions include soccer (for boys)
and dodgeball (for girls), a popular game that often involves speed and agility.

The present study has some limitations which need to be recognized. First, the cross-sectional design
precludes the ability to establish causal relationships among the observed variables. Despite the size of
our sample, and the representativeness for the population of Lagoa do Carro, given that more than half
of the population of schoolchildren in the entire municipality was assessed, it is still not representative
of the entire Brazilian population. Therefore, caution is warranted when generalizing these results. Ad-
ditionally, the inclusion of objective measurements from physical activity with accelerometers could
contribute to a better understanding of sibling resemblance in PF traits and their correlates. Unfortu-
nately, logistical and financial constraints prevented the inclusion of such measurements in the current
study. The absence of sociodemographic and family information should also be acknowledged; however,
we recommend that future research consider analyzing how these factors influence the degree of re-
semblance between pairs of siblings.

Nevertheless, this study possesses several noteworthy strengths. First, the observed siblings come from
socially deprived backgrounds, which distinguishes this study from many previous investigations and
adds to the literature in this area. This context enriches the literature by highlighting the various asso-
ciated factors at different levels that directly influence the observed intraclass correlations. Finally, the
application of a multilevel analytical model that integrates individual and environmental data is a sig-
nificant merit, as it captures the interplay between these factors in relation to PF.
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Practical Applications

Public policies and actions designed to develop PF should acknowledge that some components of PF
significantly influenced by genetic factors and tend to exhibit greater similarity among siblings of the
same sex. However, it is essential to recognize that PF traits are also substantially shaped by biological
characteristics and environmental exposures. Therefore, physical education teachers, coaches, and
other professionals should adopt approaches that consider both genetic and environmental factors, im-
plementing strategies that foster the individual development of each person. When working with sib-
lings, it is crucial to encourage their individual differences to mitigate potential negative effects of sibling
relationships, such as rivalry, added pressure, or unfavorable comparisons. Strategies that enable eve-
ryone to perceive their own progress and achievements can contribute to a more positive environment,
fostering mutual support and shared interests in physical activities.

Conclusions

In conclusion, our findings indicate a significant sibling resemblance in PF traits among Brazilian chil-
dren. Notably, the association favors same-sex pairs in terms of static and dynamic strength, speed, agil-
ity, and flexibility, while opposite-sex pairs demonstrate greater resemblance in cardiorespiratory fit-
ness and overall PF scores. Furthermore, both individual and school characteristics are linked to various
PF traits and significantly influence the magnitude of intrapair shared variance, particularly among
boys. These results reinforce that PF is shaped not only by genetic factors but also by a combination of
shared and unique environmental influences that affect PF expression.
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