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Abstract:  

Background: 

Children with Down syndrome frequently experience particular difficulties with regard to their 

physical well-being and motor growth. The body mass index (BMI) measures body composition and 

weight status, whereas physical fitness measures general health and functional capacity. 

Objective: 

To evaluate the relationship between BMI, Physical fitness and motor skills in children with Downs 

syndrome. 

Methods: 

In our seven-month cross-sectional study, spanning December 2022 to June 2023, we evaluated 169 

children between the ages of 6 to 11 (average age 7.96 ± 1.461 years). Participants were randomly 

selected The SAMU Disability Fitness Battery (SAMU-DISFIT) assessed physical fitness, 

encompassing Waist Circumference and BMI for Body Composition, the Time Up and Go Test for 

Motor Fitness, Deep Trunk Flexibility, Right and Left Hand Grip Strength, a 30-second Sit-Up, and 

a 10 Timed Stand Test for Musculoskeletal Fitness. Cardiorespiratory Fitness was evaluated with the 

6-minute walk test. Motor skills assessment was conducted using the Total Gross Motor 

Development-2 (TGMD-2) test. Data were analyzed using SPSS version 25.0 

Results: 

The results revealed the following associations: "Body Composition": Waist Circumference displayed 

a weak negative correlation (-0.205). "Motor Fitness": The Time up and Go Test showed a moderate 

negative correlation (-0.263). "Musculoskeletal Fitness": Grip Strength in the Right Hand had a 

significant strong positive correlation (0.559), and in the Left Hand, it showed a moderate positive 

correlation (0.484). Deep trunk Range of Motion (ROM) displayed a strong positive correlation 

(0.644). These findings underline the complexity of the relationship between BMI and various types 
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of physical fitness and the need of taking several fitness factors into account when assessing an 

individual's overall health. 

Conclusion: The study found a negative association between BMI and physical fitness and mobility. 

Underweight children with Down syndrome demonstrated better physical fitness and mobility 

compared to overweight children. These findings emphasize the importance of weight management 

for optimizing physical well-being in individuals with Down syndrome. 

 

Key words: Body Mass Index, Down syndrome, Motor Skills, Physical Fitness 

 

Introduction  

Trisomy 21, commonly known as Down syndrome, is marked by the presence of an extra chromosome 

21 and is the most prevalent chromosomal condition associated with intellectual disability. This 

genetic anomaly gives rise to a spectrum of anatomical, cognitive, and functional challenges, 

including distinctive facial features and physical abnormalities that contribute to the condition's 

characteristic presentation.(1) Down syndrome's clinical variability is influenced by over 300 genes 

on chromosome 21, affecting a range of clinical characteristics. Trisomy 21 can result from 

nondisjunction, leading to 47 chromosomes, or translocation. Despite the cause, the clinical 

manifestations of trisomy 21 are consistently observed.(2) 

Children with Down syndrome often exhibit delays in developing motor skills, encompassing both 

gross and fine motor abilities, which are essential for day-to-day activities, education, and social 

interactions. These delays can impact their physical activity and engagement with their 

environment.(3) Physical fitness, which includes attributes such as body composition, muscular 

strength, flexibility, and cardiovascular endurance, is crucial for overall health and functional 

independence. However, children with Down syndrome typically display lower physical fitness levels 

compared to their peers, potentially influencing their motor skill development and overall physical 

health.(4) 

 

A person's risk of acquiring weight-related health problems is assessed using their BMI. It is measured 

in kilograms per square meter (kg/m2). For a particular height, BMI determines excess weight 

although it has been demonstrated to correlate with body fat, it is not a direct measurement (5) % of 

body fat, because skinfold measurements and underwater weighing are more intrusive and costly 

methods of taking direct measures of body fat, 33-35 BMI is the most commonly utilized indicator of 

weight- related health risk. (6) Children who are overweight or obese experience psychological 

problems as well as concerns with one's physical health, including low self-esteem and depressed 

feelings decline in overall health, and metabolic abnormalities.(7) The body mass index (BMI), which 

connects weight to height, is a commonly used indicator of body composition.(8) The BMI of people 

with Down syndrome has been observed to vary greatly as a result of a number of variables, such as 

decreased levels of physical activity, changed metabolic processes, and maybe eating habits.(9) 

The body mass index (BMI) is a standard measure of body composition and weight status. Elevated 

BMI values are associated with various health risks, including musculoskeletal issues, and are 

especially pertinent in children with Down syndrome, who may be predisposed to weight-related 

health concerns due to their genetic condition.(10) This study aims to illuminate the complex 

relationship between BMI, physical fitness, and motor skills in children with Down syndrome, 

contributing valuable insights into the tailored interventions needed to enhance their physical 

development and quality of life.(11) 

In 2022, Rosa Maria, Mariola, and colleagues researched the link between physical activity and body 

composition changes in individuals with Down syndrome, employing the PICOS framework to define 

study eligibility criteria.(12) Two independent researchers carried out the analysis, concluding that 

increased body composition diversity can mitigate the adverse effects of obesity, potentially reducing 

healthcare costs. 

A 2022 study on the effects of early physical therapy on motor development in children with Down 

syndrome found that initiating physical therapy early significantly improves both gross and fine motor 
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skills. This supports the recommendation for children with Down syndrome to begin physical therapy 

programs before their first birthday.(13) 

In 2020, Int.J. Envior et al. conducted a cross-sectional study with 35 individuals with Down 

syndrome (DS) to examine the relationship between age, isometric knee strength, peak aerobic 

capacity, and the timed performance of daily functional tasks.(14) Utilizing multiple regression 

analyses, they identified a correlation suggesting that individuals with DS have compromised physical 

fitness, impacting their ability to perform daily living tasks effectively.(15) 

 

Lauteslager et al.'s 2020 study focused on charting the motor development of children with Down 

syndrome. They aimed to establish the typical ages at which these children achieve key motor 

milestones and to create a motor growth curve using the Test of Basic Motor Skills for Children with 

Down Syndrome.(16) (BMS). Analyzing data from 119 children, the study highlighted the most 

significant motor skill advancements occurring in infancy, with the rate of improvement diminishing 

as children approached their peak potential scores. Additionally, the research identified the ages at 

which children with Down syndrome were 50% likely to reach developmental milestones such as 

sitting, crawling, and walking.(17) 

 

Methodology  

A cross sectional study performed within 7 months from December 2022 to June 2023 in which 169 

children with age of 6-11 years (mean and SD = 7.96 + 1.461) were taken randomly after meeting 

inclusion and exclusion criteria. The inclusion criteria include children that were diagnosed with 

Downs’s syndrome and only those students who follow at least minimum two-step instruction and 

have minimum motor ability of independent locomotion. BMI weight will be measured with weighing 

scale whereas height will be measured by measuring tape. Physical Fitness by using SAMU Disability 

Fitness Battery (SAMU-DISFIT). Contains different components; “Body composition” categorized 

into Waist Circumference and BMI, “Motor Fitness” includes the time up test. The “Musculoskeletal 

Fitness” category includes Deep Trunk Flexibility, Right hand Grip Strength, left hand Grip, 30s Sit 

up, 10 Timed Stand Test, “Cardiorespiratory Fitness” includes, the 6-minute walk test. Motor skills 

will be assessed by using Total Gross Motor Development 2 (TGMD-2). Statistical Package for Social 

Sciences (SPSS 22) was used to analyze the data. 

 

Objective: 

To evaluate the relationship between BMI, Physical fitness and motor skills in children with Downs 

syndrome. 

 

Results  

The table summarizes key fitness metrics for children with Down syndrome, showing that on average, 

they have a waist circumference of 61.33 cm and a BMI of 21.24. Their motor fitness is gauged at an 

average of 10.75 seconds for the Timed Up & Go test. Musculoskeletal fitness tests show averages of 

21.96 cm for trunk flexibility, around 11.5 kg for hand grip strength, and they can perform about 18 

sit-ups in 30 seconds. Their cardiorespiratory fitness, measured by the distance walked in 6 minutes, 

averages at 442 meters. The provided standard deviations indicate the variability in each 

measurement. The table reflects fitness assessments and their relationship with BMI for children with 

Down syndrome. Waist circumference and timed agility tests show a slight negative correlation with 

BMI, indicating higher BMI may be linked to larger waist sizes and slower agility. Conversely, trunk 

flexibility and hand grip strength are positively correlated with BMI, suggesting that higher BMI 

could be associated with better performance in these areas. The table also highlights a strong negative 

correlation between BMI and gross motor quality, where a higher BMI is related to lower motor skill 

proficiency. Each correlation is statistically significant, as indicated by the p-values 

 

Table 1 BMI,, Motor Fitness, Musculoskeletal Fitness, And Cardiorespiratory Fitness 

 description Mean±SD 
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Body Composition Waist Circumference 

(cm) 

61.33±6.47 

BMI (kg/m2) 21.24±2.74 

Motor Fitness Timed Up & Go (s) 10.75±1.38 

Musculoskeletal 

Fitness 

Deep Trunk Flexibility 

Test (cm) 

21.96±4.20 

Hand Grip Right (kg) 11.73±1.16 

Hand Grip Left (kg) 11.24±1.08 

30 s Sit up (number) 17.94±3.33 

10 Timed Stand Test (s) 12.4±0.82 

Cardiorespiratory 

Fitness 

6 Minute Walk Test (m) 442.0±112.49 

 

The table summarizes key fitness metrics for children with Down syndrome, showing that on average, 

they have a waist circumference of 61.33 cm and a BMI of 21.24. Their motor fitness is gauged at an 

average of 10.75 seconds for the Timed Up & Go test. Musculoskeletal fitness tests show averages of 

21.96 cm for trunk flexibility, around 11.5 kg for hand grip strength, and they can perform about 18 

sit-ups in 30 seconds. Their cardiorespiratory fitness, measured by the distance walked in 6 minutes, 

averages at 442 meters. The provided standard deviations indicate the variability in each 

measurement. 

 

Table 2 Correlation with BMI 

Description Mean±SD Correlation with BMI P value  

Waist Circ. (cm) 61.33±6.47 -0.205 0.008 

BMI (kg/m^2) 21.24±2.74 1 0.000 

Timed Up & Go (s) 10.75±1.38 -0.263 0.001 

Deep Trunk Flex. (cm 21.96±4.20 0.644 0.000 

Hand Grip Right (kg) 11.73±1.16 0. .559 0.000 

Hand Grip Left (kg) 11.24±1.08 0.484 0.000 

30 s Sit up 17.94±3.33 -0.414 0.000 

10 Timed Stand Test (s) 12.4±0.82 0. .240 0.002 

6 Min Walk Test (m) 442.0±112.49 0.659 0.000 

GMQ Standard Score 6.20±1.00 -0.729 0.000 

 

The table reflects fitness assessments and their relationship with BMI for children with Down 

syndrome. Waist circumference and timed agility tests show a slight negative correlation with BMI, 

indicating higher BMI may be linked to larger waist sizes and slower agility. Conversely, trunk 

flexibility and hand grip strength are positively correlated with BMI, suggesting that higher BMI 

could be associated with better performance in these areas. The table also highlights a strong negative 

correlation between BMI and gross motor quality, where a higher BMI is related to lower motor skill 

proficiency. Each correlation is statistically significant, as indicated by the p-values. 

 

Table 3 (TGMD-2) 

 Mean +SD 

BMI 21.24 + 2.74 

GMQ Standard Score 6.20 + 1.00 

Percentile Rank Rating 6.20 + 1.00 

 

Table 3 showed the GMQ Standard Score and Percentile rank rating mean and Standard deviation are 

6.20 + 1.00. And BMI are 21.24 + 2.74. 
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Table 4 TGMD-2 Correlation with BMI (Under Weight, Normal, Over Weight) 

 BMI 

Pearson 

Correlation (r) 

p-value 

Under Weight GMQ Standard 

Score 

-0.314 0.046 

Percentile Rank 

Rating 

-0.314 0.046 

Normal Weight GMQ Standard 

Score 

-0.466 0.000 

Percentile Rank 

Rating 

-0.466 0.000 

Over Weight GMQ Standard 

Score 

0.057 0.002 

Percentile Rank 

Rating 

0.057 0.002 

 

Table 4 showed the BMI categories correlation with Total Gross Motor Development- 

2. In the underweight category, both GMQ Standard Score and Percentile Rank Rating exhibit a 

negative correlation of -0.314 (p = 0.046), Within thenormal weight category, there is a stronger 

negative correlation observed for both GMQ Standard Score and Percentile Rank Rating, with a 

coefficient of -0.466 (p < 

 

DISCUSSION  

The interrelation of BMI, physical fitness, and motor skills in children with Down syndrome (DS) 

presents a nuanced picture that necessitates a tailored approach in both assessment and intervention. 

Children with DS frequently exhibit reduced cardiovascular and muscular fitness, coupled with a 

higher incidence of overweight and obesity compared to their typically developing peers. 

Consequently, these children often fall short of meeting daily aerobic activity recommendations, a 

pattern that tends to persist as they grow older.(18) 

To mitigate these health risks, annual screenings for overweight and obesity are advised, taking into 

consideration the distinctive body composition and stature of individuals with DS, which may 

influence BMI calculations.(19) This is a continuation of the approach informed by prior studies, 

which underscored the inadequacy of relying solely on BMI to determine body fatness in this 

population due to their unique physiological characteristics.(20) 

Motor skill acquisition also varies widely among children with DS. Both 'bottom-up' (assessing 

current motor abilities) and 'top-down' (evaluating long-term motor capabilities) assessment 

approaches have yielded medium-level correlations.(21, 22) It's imperative that these assessments are 

sufficiently sensitive to discern the individual motor profiles of children with DS to inform 

appropriately customized interventions. For comparative purposes, the Fundamental Motor Skills 

(FMS) assessments are used to gauge the motor competencies of children with DS against those of 

typically developing children.(23) 

In research focused on adults with DS conducted in 2023, the SAMU-Disability Fitness Battery Test 

(SAMU-DISFIT) was introduced to evaluate physical fitness, with an emphasis on identifying distinct 

fitness profiles based on gender and physical activity levels. This study utilized the EUROFIT Battery 

and Motor Assessment Battery for Children (MAB-C) to perform six tests, marking a shift from 

previous methodologies.(24) 

Comparatively, a 2016 study titled “An Evaluation of Fine and Gross Motor Skills in Adolescents 

with Down Syndrome” aimed to assess the motor abilities of adolescents with DS. This study 

employed the Bruininks-Oseretsky Test of Motor Proficiency, second edition. In contrast, current 

research adopts the Total Gross Motor Development-second edition (TGMD-2) for evaluating motor 
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skills.(25) The study population comprised 34 participants aged 14-20 years, including 16 adolescents 

with DS and 18 without, which provides a direct reference point for understanding the evolution of 

motor skill assessment in this demographic.(26) 

These studies collectively underscore the importance of regular, nuanced assessments and 

interventions tailored to the individual needs of children with DS, considering both the broad trends 

identified in research and the individual variations that are characteristic of this group.(27) 

A study was conducted on “A development in children with Down Syndrome” they reviewed the 

motor development of children with downs syndrome. They concluded that children with DS, obesity, 

poor reflex development, hypotonia, and instability pose the biggest obstacles to learning how to 

move.(28) Medical and health issues including as joint hypermobility, congenital heart disorders, 

atlantoaxial subluxation, and sensory- motor issues can also impact motor development. (29) 

According to them Gallahue’s third stage basically second period of development children age 2-10 

yearschildren acquire and refine fundamental motor patterns and begin to develop more complex 

motor skills. Whereas the current study used the Total Gross Motor Development Scale to access the 

motor skills. It showed BMI correlation with Total Gross Motor Development-2. GMQ Standard 

Score and Percentile ran rating showedthe strong negative correlation of -0.729 with a p-value of 

0.00.(30) 

 

CONCLUSION 

The study found a negative association between BMI and physical fitness and mobility. Underweight 

children with Down syndrome demonstrated better physical fitness and mobility compared to 

overweight children. These findings emphasize the importance of weight management for optimizing 

physical well-being in individuals with Down syndrome. 

 

LIMITATION 

 Limited generalizability to other regions or ethnic groups within Pakistan. 

 Potential language barriers and translation accuracy for assessment tools. 3. 

 Socioeconomic disparities that may influence the physical fitness and motor skills of participants 

 Possible variations in data collection procedures or implementation across different research sites. 

 

RECOMMENDATION 

 Encourage community centers, schools, and recreational facilities to provide inclusive 

opportunities for children with Down syndrome to participate in physical activity and sports 

programs that cater to the specific needs of children with Down syndrome. 

 Conduct longitudinal studies to explore the longitudinal relationship between BMI, physical 

fitness, and motor skills in children with Down syndrome. This will provide a deeper understanding 

of the developmental trajectory and potential interventions. 

 Investigate specific factors that may influence BMI, physical fitness, and motor skills in children 

with Down syndrome, such as socioeconomic status, access to healthcare, and the impact of 

interventions or exercise programs on their development. 
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