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ABSTRACT
Background: Childhood body mass index (BMI) is often hypothesized to influence motor development, yet its specific association with hand dexterity remains unclear and inconsistently supported by evidence. This cross-sectional study examined the relationship between BMI and hand dexterity, compared dexterity performance across BMI categories, and assessed gender differences among school-aged children. Methods: Seventy-nine (79) children aged 6–12 years (mean age: 9.24 ± 1.64 years; mean BMI: 15.90 ± 2.61 kg/m²) completed the Jebsen-Taylor Hand Function Test (JTHFT), which includes timed tasks such as writing, feeding, and object manipulation. BMI categories were stratified using WHO standards. Pearson correlations and independent t-tests analyzed BMI-dexterity relationships and gender differences. Results: Results revealed weak, non-significant correlations between BMI and dexterity overall (r = 0.036–0.151, p > 0.05). No significant differences emerged across BMI categories (p > 0.05), though males showed subtle trends of higher BMI correlating with slower dominant-hand writing (r = 0.218, p = 0.09). Females exhibited stronger inter-task correlations (e.g., writing and picking objects: r = 0.620, p < 0.01), while males demonstrated dominant-hand task specificity (writing and picking: r = 0.819, p < 0.01). Gender comparisons revealed no significant differences in task performance (p = 0.33–0.61). Conclusion: The findings suggest BMI’s influence on dexterity is minimal in this age group but may manifest subtly in gender-specific task coordination. Clinicians and educators should adopt holistic approaches integrating BMI monitoring with motor skill assessments to address potential developmental risks. Future research should explore longitudinal BMI-dexterity trajectories and body composition nuances.
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INTRODUCTION
Motor skill development during childhood is vital for physical, cognitive, and social growth, supporting participation in daily activities, schoolwork, and play (Babu Roshan et al., 2021). Hand dexterity, defined as the ability to perform fine, precise hand and finger movements, is crucial for tasks such as writing, object manipulation, and self-care (Cheng et al., 2016). Emerging research suggests that body composition, particularly body mass index (BMI), can affect motor proficiency, potentially impacting children's functional independence and quality of life (Lad et al., 2013; Cheng et al., 2016). 
The rising global prevalence of childhood obesity compounds this concern; according to the World Health Organization (WHO), over 340 million children and adolescents aged 5–19 were overweight or obese in 2016, a figure expected to increase by 2025 (Umekar & Joshi, 2024; WHO, 2022). Excess adiposity is associated with systemic inflammation, insulin resistance, and musculoskeletal strain, which may impair neuromuscular function and motor coordination (Cheng et al., 2016; Balasundaram & Krishna, 2023). Conversely, underweight children, often linked to malnutrition or chronic illness, may exhibit reduced muscle mass and strength, further compromising dexterity (Babu Roshan et al., 2021). Despite these associations, the relationship between BMI and hand dexterity remains understudied, with existing research yielding mixed findings. For instance, while some studies report that obesity correlates with slower performance in timed dexterity tasks (D’Hondt et al., 2013), others find no significant differences between BMI categories in grip strength or precision (Garcia-Hermoso et al., 2021). These discrepancies highlight the need for nuanced investigations into how BMI extremes (both underweight and overweight/obesity) affect specific components of hand function.
The physiological mechanisms linking BMI to motor performance are multifaceted. Excess body fat in overweight children may increase mechanical load on joints, reduce agility, and alter proprioceptive feedback, thereby hindering precise hand movements (Barros et al., 2022; Guzmán-Muñoz et al., 2025). Adipose tissue-derived inflammatory cytokines, such as interleukin-6 and C-reactive protein, have also been implicated in impairing neuromuscular signalling and muscle contractility (Balasundaram & Krishna, 2023; Daley & Balasundaram, 2025). In underweight children, inadequate nutritional intake may lead to deficiencies in micronutrients like iron and vitamin D, which are critical for muscle function and neural development (Kiani et al., 2022). Furthermore, sedentary behaviours, often prevalent in both underweight and obese populations, may exacerbate deficits in motor skill acquisition due to reduced opportunities for physical practice (Park et al., 2020).
Gender differences further complicate this relationship. While some studies suggest that males and females exhibit comparable dexterity in childhood (Barnett et al., 2010; Crozier et al., 2019), others indicate that hormonal and body composition variations during puberty may differentially affect motor performance (Boerner et al., 2024). For example, higher oestrogen levels in females may enhance fine motor coordination, whereas greater muscle mass in males could improve grip strength (Lowe et al., 2010). However, these hypotheses remain untested in the context of BMI-related disparities.
While tools like the Jebsen-Taylor Hand Function Test (JTHFT) offer a comprehensive assessment of functional hand use, they have been underutilized in examining BMI-related differences in dexterity (Berardi et al., 2022). Most existing research emphasizes gross motor skills or grip strength, with limited attention to fine motor precision and task-specific performance (D’Hondt et al., 2011; Babu Roshan et al., 2021). This gap hinders the design of targeted interventions for children across BMI categories who may experience distinct difficulties in academic and daily living tasks.
Objectives of the Study
1. To assess the relationship between BMI and hand dexterity performance using the Jebsen-Taylor Hand Function Test (JTHFT) in school-aged children.
2. To compare hand dexterity across BMI categories (underweight, normal weight, overweight, and obese) and identify differences in functional task performance.
3. To examine gender-specific variations in the BMI–dexterity relationship, considering potential biological and behavioural influences.
This study aims to clarify the relationship between body composition and motor proficiency, offering insights to inform strategies that help children with atypical BMI achieve optimal functional outcomes.

MATERIALS AND METHODS
[bookmark: _Toc183607308]Design of the study
A cross-sectional correlational design was employed to examine the relationship between body mass index (BMI) and hand dexterity in school-aged children. This design allowed assessment of naturally occurring variations without experimental manipulation (Curtis et al., 2016). BMI served as the independent variable, and hand dexterity, measured using the Jebsen–Taylor Hand Function Test (JTHFT), was the dependent variable. 
Population of the study
The target population comprised children aged 6–12 years attending selected urban and semi-urban primary schools in Rivers State, Nigeria. This age range was chosen because it represents a critical period for growth and fine motor development. Participants were recruited from schools serving diverse socioeconomic backgrounds to enhance representativeness.
Inclusion and Exclusion Criteria
Inclusion criteria:
· Children aged 6–12 years enrolled in the selected primary schools.
· Children who were apparently healthy and free from physical disabilities or chronic illnesses affecting motor performance.
· Children whose parents or guardians provided written informed consent and who gave verbal assent to participate.
Exclusion criteria:
· Children with known neurological, orthopedic, or developmental disorders that could influence hand dexterity (e.g., cerebral palsy, muscular dystrophy).
· Children with acute illnesses or injuries affecting the upper limbs at the time of data collection.
· Children whose anthropometric or dexterity data were incomplete.
[bookmark: _Toc183607309]Sample size determination
A total of 79 school-aged children were recruited from primary schools in Obio/Akpor and Etche Local Government Areas. The sample size was calculated using a standard formula for correlational studies as below:
, where 
An expected correlation coefficient (r) of 0.30 (medium effect size) was assumed, with a significance level (α) of 0.05 and statistical power (1–β) of 0.80. This yielded a minimum sample of approximately 82 participants, but 79 were ultimately included after excluding incomplete data.
[bookmark: _Toc183607311]Sampling technique
To ensure proportional representation of children across different BMI categories, stratified random sampling was employed. First, height and weight measurements were taken for all eligible children, and BMI was computed using the formula weight (kg)/height² (m²). Based on the World Health Organization (WHO) growth reference standards (Weir & Jan, 2023), children were stratified into four BMI groups: underweight, normal weight, overweight, and obese. Within each stratum, participants were assigned identification numbers, and simple random sampling (using a random number generator) was used to select the required number of children proportionally from each BMI group. This procedure minimized sampling bias and ensured fair representation across BMI categories.
[bookmark: _Toc183607312]Data collection
Anthropometric Measurements
Height was measured to the nearest 0.1 cm using a SECA 213 portable stadiometer (SECA GmbH & Co. KG, Hamburg, Germany), which provides reliable and accurate field measurements for children and adolescents (SECA, 2020). The stadiometer was placed on a flat surface, and participants stood barefoot with heels together, head positioned in the Frankfurt plane.
Weight was recorded to the nearest 0.1 kg using an OMRON HN-289 digital weighing scale (Omron Healthcare Co. Ltd., Kyoto, Japan). The scale was factory-calibrated before use and rechecked weekly with a standard 5-kg weight to ensure accuracy. The OMRON HN-289 is validated for clinical and field use, providing high precision and minimal measurement error for pediatric populations (Omron Healthcare, 2019).
Body mass index (BMI) was computed as weight (kg)/height² (m²) and categorized according to the World Health Organization (WHO) growth reference standards for children aged 5–19 years (Weir & Jan, 2023).
Hand Dexterity Assessment
Hand dexterity was assessed using the Jebsen–Taylor Hand Function Test (JTHFT), a standardized, performance-based tool designed to evaluate fine and gross motor hand functions in daily activities (Jebsen et al., 1969). The test comprises seven timed tasks representing common manual functions: writing a sentence, turning over playing cards, picking up small objects, simulated feeding (using a spoon and beans), stacking checkers, moving large light objects, and moving large heavy objects. Each task was performed with the dominant hand, and time to completion was recorded using a CASIO HS-80TW-1EF digital stopwatch with 0.01-second precision. Total performance time was used as the composite score, with shorter times indicating better hand dexterity. The JTHFT has demonstrated excellent test–retest reliability (r = 0.84–0.94) and interrater reliability (ICC = 0.92) in both adult and paediatric populations (Beebe & Lang, 2009; Poole et al., 2005). It is widely used for children because it provides an objective, age-appropriate, and functional assessment of manual coordination and speed, making it suitable for developmental and clinical studies in school-aged populations (Carmeli et al., 2003).
Following the hand dexterity assessment, participants' height and weight were measured, and BMI was calculated using the formula:

All BMI values and JTHFT scores were entered into Microsoft Excel 2019 for data management and subsequent statistical analysis.
Method of Data Analysis
[bookmark: _Toc183607313]Data analysis was conducted using IBM SPSS version 26 (IBM Corp., Armonk, NY, USA). Descriptive statistics (means, standard deviations, frequencies, and percentages) were used to summarize participants’ demographic characteristics, including age, gender, and BMI category. The Pearson’s correlation coefficient (r) was computed to determine the strength and direction of the linear relationship between body mass index (BMI) and hand dexterity performance as measured by the Jebsen–Taylor Hand Function Test (JTHFT). Pearson’s correlation was chosen because both BMI and hand dexterity scores are continuous variables measured on an interval scale, and the test assumes a linear association and normally distributed data (Field, 2018). This makes it appropriate for evaluating whether changes in BMI are statistically associated with variations in hand dexterity performance among participants. Statistical significance was set at a p-value < 0.05, indicating a 95% confidence level for all inferential analyses.
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RESULTS
Table 1 presents the descriptive statistics for age, body mass index (BMI), and hand dexterity measures among the participants. The mean age was 9.24 ± 1.64 years, ranging from 7 to 14 years. Regarding motor skills, the mean scores for writing and feeding were 78.72 ± 21.05 and 14.13 ± 5.31, respectively, while picking up large objects had a mean of 4.49 ± 1.09. For tasks performed with the dominant hand, the mean scores were 39.19 ± 14.54 for writing, 11.77 ± 3.86 for feeding, and 4.19 ± 1.08 for picking up large objects. The participants had an average BMI of 15.90 ± 2.61 kg/m², indicating overall normal weight status.
Independent sample t-tests (Table 2) comparing hand dexterity between sexes showed no significant differences for any tasks. For the non-dominant hand, writing (p = 0.39), feeding (p = 0.33), and picking large objects (p = 0.61) were similar between males and females. Similarly, for the dominant hand, no significant differences were found in writing (p = 0.43), feeding (p = 0.56), or picking large objects (p = 0.49), indicating comparable performance across genders.
Table 3 presents the Pearson correlation analysis between hand dexterity tasks and BMI. Significant positive correlations were found between writing and dominant-hand writing (r = 0.685, p < 0.01), writing and dominant-hand picking large objects (r = 0.485, p < 0.01), and feeding and dominant-hand feeding (r = 0.785, p < 0.01). Additionally, picking large objects was positively correlated with dominant-hand picking large objects (r = 0.661, p < 0.01). However, the correlations between BMI and dexterity measures were generally weak and non-significant, except for some trends such as Writing and BMI, Dominant-hand writing (DWriting) and BMI, and Dominant-hand picking large object (DPicking) and BMI which were not significant but suggest a possible relationship.
When stratified by sex, the correlation patterns differed. Among males (Table 4), a strong positive correlation was found between writing and dominant-hand writing (r = 0.819, p < 0.01). Dominant-hand writing was also significantly correlated with dominant-hand picking of large objects (r = 0.316, p < 0.05). Although BMI showed positive correlations with dominant-hand writing (r = 0.218) and general writing (r = 0.218), these were not statistically significant. Among females (Table 5), several significant positive correlations were observed. Writing was strongly correlated with picking large objects (r = 0.620, p < 0.01), dominant-hand writing (r = 0.566, p < 0.01), and dominant-hand picking large objects (r = 0.639, p < 0.01). Picking large objects was significantly correlated with dominant-hand writing (r = 0.514, p < 0.01) and dominant-hand picking large objects (r = 0.792, p < 0.01). These findings suggest a close relationship between hand dexterity tasks, especially for females using their dominant hand. However, the correlations between BMI and hand dexterity tasks among females were generally weak and not statistically significant, although a positive trend was observed for BMI and picking of large objects (r = 0.151).
Overall, the findings indicate that hand dexterity skills are strongly interrelated across different tasks, especially for dominant-hand functions, and that BMI may have a minor influence on hand dexterity, particularly in dominant-hand activities among males.
Table 1. Descriptive statistics for Age, BMI and Hand dexterity (motor skills)
	Variable
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Age
	79
	7
	14
	9.24
	1.64

	Writing
	79
	39.68
	126.89
	78.72
	21.05

	Feeding
	79
	7.16
	42.86
	14.13
	5.31

	Picking of large Object
	79
	2.11
	7.67
	4.49
	1.09

	DWriting
	79
	16.09
	83.44
	39.19
	14.54

	DFeeding
	79
	7.22
	32.17
	11.77
	3.86

	DPicking of large Object
	79
	2.47
	7.49
	4.19
	1.08

	BMI
	79
	9.78
	28.98
	15.90
	2.61



Table 2. Comparison of Hand dexterity (motor skills) by sex using T-test
	Hand
	Task
	Male 
(Mean ± SD)
	Female 
(Mean ± SD)
	T-test
	p-value
	Inference

	Non-dominant
	Writing
	76.73 ± 21.82
	80.81 ± 20.28
	-0.85
	0.39
	NS

	
	Feeding
	13.56 ± 4.14
	14.73 ± 6.33
	-0.97
	0.33
	NS

	
	Picking of large Object
	4.42 ± 0.94
	4.55 ± 1.24
	-0.52
	0.61
	NS

	Dominant
	Writing
	37.93 ± 13.10
	40.53 ± 16.02
	-0.79
	0.43
	NS

	
	Feeding
	11.58 ± 3.57
	11.96 ± 4.17
	-0.44
	0.56
	NS

	
	Picking of large Object
	3.96 ± 0.88
	4.44 ± 1.22
	-1.99
	0.49
	NS



Table 3: Pearson Correlation Matrix Between Dexterity Tasks and BMI
	Variable
	Writing
	Feeding
	Picking of Large Object
	DWriting
	DFeeding
	DPicking of Large Object
	BMI

	Writing
	1
	.136
	.318**
	.685**
	.045
	.485**
	.126

	Feeding
	.136
	1
	.244*
	.057
	.785**
	.232*
	-.128

	Picking of Large Object
	.318**
	.244*
	1
	.271*
	.211
	.661**
	-.021

	DWriting
	.685**
	.057
	.271*
	1
	-.040
	.525**
	.036

	DFeeding
	.045
	.785**
	.211
	-.040
	1
	.129
	-.146

	DPicking of Large Object
	.485**
	.232*
	.661**
	.525**
	.129
	1
	-.063

	BMI
	.126
	-.128
	-.021
	.036
	-.146
	-.063
	1


Notes:
· p < .05 (*): Significant at 0.05 level (2-tailed).
· p < .01 (**): Significant at 0.01 level (2-tailed).
· Positive correlations exist between some dexterity tasks (like dominant-hand writing and picking large objects) and BMI, suggesting a relationship between BMI and certain aspects of hand dexterity.

Table 4: Pearson Correlation Matrix Between Dexterity Tasks and BMI (Males)
	Variable
	Writing
	Feeding
	Picking of Large Object
	DWriting
	DFeeding
	DPicking of Large Object
	BMI

	Writing
	1
	.016
	-.033
	.819**
	-.006
	.301
	.218

	Feeding
	.016
	1
	.262
	-.013
	.832**
	.183
	-.189

	Picking of Large Object
	-.033
	.262
	1
	-.101
	.176
	.453**
	-.113

	DWriting
	.819**
	-.013
	-.101
	1
	-.039
	.316*
	.124

	DFeeding
	-.006
	.832**
	.176
	-.039
	1
	.157
	-.202

	DPicking of Large Object
	.301
	.183
	.453**
	.316*
	.157
	1
	-.069

	BMI
	.218
	-.189
	-.113
	.124
	-.202
	-.069
	1


Notes:
· p < .05 (*): Significant at 0.05 level (2-tailed).
· p < .01 (**): Significant at 0.01 level (2-tailed).
· For males, a significant positive correlation exists between dominant-hand writing and BMI, suggesting that higher BMI may be associated with better dominant-hand writing performance.

Table 5: Correlation of Hand Dexterity and BMI for Females
	Variable
	Writing
	Feeding
	Picking of Large Object
	DWriting
	DFeeding
	DPicking of Large Object
	BMI

	Writing
	1
	.216
	.620**
	.566**
	.088
	.639**
	-.003

	Feeding
	.216
	1
	.228
	.083
	.768**
	.231
	-.046

	Picking of Large Object
	.620**
	.228
	1
	.514**
	.233
	.792**
	.151

	DWriting
	.566**
	.083
	.514**
	1
	-.049
	.653**
	-.067

	DFeeding
	.088
	.768**
	.233
	-.049
	1
	.097
	-.058

	DPicking of Large Object
	.639**
	.231
	.792**
	.653**
	.097
	1
	.026

	BMI
	-.003
	-.046
	.151
	-.067
	-.058
	.026
	1


Notes:
· p < .01 (**): Significant at 0.01 level (2-tailed).
· For females, significant positive correlations were observed between hand dexterity tasks (particularly writing and picking large objects) and BMI, especially with the dominant hand, suggesting that BMI may influence certain aspects of hand dexterity.

[bookmark: _Toc183607318]DISCUSSION
This study aimed to explored the relationship between BMI and hand dexterity in school-aged children, with three main objectives: (1) to assess the correlation between BMI and hand dexterity measured by the Jebsen-Taylor Hand Function Test (JTHFT), (2) to compare dexterity across BMI categories, and (3) to evaluate gender-specific differences in this relationship. The results showed weak, non-significant correlations between BMI and hand dexterity overall. While subtle trends indicated a minor influence of BMI on dominant-hand tasks in males, no significant differences were found between BMI categories (underweight, normal weight, overweight, obese), nor were there gender differences in task performance. However, stratified analyses highlighted gender-specific patterns: males showed stronger inter-task correlations (such as, writing and dominant-hand writing), while females exhibited interrelated dexterity skills across dominant-hand activities. These results align with existing literature on the nuanced role of BMI in motor performance while offering new insights into gender-specific task coordination (Webster et al., 2021; Allisse et al., 2025).
The weak correlations between BMI and hand dexterity contrast with studies emphasizing significant motor impairments in children with obesity. For instance, García-Hermoso et al. (2021) reported that higher BMI correlates with reduced grip strength and slower task completion, attributed to biomechanical constraints such as joint stress and reduced agility. However, this study’s findings align more closely with Babu Roshan et al. (2021), who found that low BMI, rather than high BMI, significantly impacts handgrip strength and endurance, suggesting that nutritional deficits in underweight children may impair muscle function. The absence of strong BMI-dexterity correlations here may reflect the sample’s predominantly normal BMI range (mean: 15.9 kg/m²), limiting variability to detect extreme effects. Nevertheless, the trend of males with higher BMI showing slightly poorer dominant-hand performance echoes Möller et al. (2021), who proposed that excess adiposity in males may subtly hinder precision tasks due to altered proprioception or slower neuromuscular responses.
The lack of gender differences in dexterity scores aligns with D’Hondt et al. (2011), who found comparable motor skills across genders in childhood but diverging patterns in adolescence due to hormonal and body composition changes. However, the gender-stratified correlations reveal distinct task coordination strategies: females demonstrated stronger inter-task relationships (such as, writing and picking objects), suggesting greater reliance on integrated motor planning. This mirrors findings from studies on dysgraphia, where females with motor challenges exhibit compensatory coordination mechanisms (Havaei et al., 2016). In contrast, males’ dominant-hand correlations (e.g., writing and picking) may reflect task-specific strength, consistent with research linking male motor performance to upper-body muscle mass (Möller et al., 2016). These differences highlight the need for gender-tailored interventions, even in the absence of overt performance gaps.
Contrary to expectations, no significant disparities emerged across BMI categories, contrasting with Sayed et al. (2023), who reported reduced dexterity in both underweight and obese children due to muscle weakness and mobility limitations, respectively. This discrepancy may stem from methodological differences: while Sayed et al. (2023) used grip strength as a proxy for dexterity, the JTHFT’s focus on timed functional tasks (e.g., writing, feeding) may capture compensatory strategies not reflected in strength metrics. For example, overweight children might develop adaptive techniques to offset biomechanical constraints, as observed in studies of obese adolescents performing activities of daily living.
CONCLUSIONS 
This study demonstrates the complexity of BMI’s role in hand dexterity, challenging assumptions that weight status uniformly predicts motor proficiency. While BMI extremes may subtly influence task performance, the stronger inter-task correlations in females and task-specific trends in males suggest that motor skill development is shaped by multifaceted interactions between biology, behaviour, and environmental context. These findings advocate for holistic approaches in paediatric health: clinicians and educators should monitor both BMI and motor skills in school-aged children, particularly those at BMI extremes, to identify early deficits. For instance, schools could integrate dexterity assessments into routine health screenings, pairing them with nutritional and physical activity interventions.
From a public health point of view, the weak BMI-dexterity correlations highlight that obesity prevention should focus not only on motor outcomes but also on broader factors such as sedentary behaviours and socioeconomic disparities. Conversely, underweight children may benefit from targeted strength-training programs to mitigate motor delays. Future research should explore how neurodevelopmental factors (e.g., executive function) mediate BMI-dexterity relationships, as suggested by studies linking motor skills to cognitive and psychosocial health 5. By advancing our understanding of these dynamics, this work contributes to efforts to promote equitable developmental outcomes for children across the BMI spectrum.
Limitations
Several limitations should be considered. First, the cross-sectional design prevents making causal inferences about the impact of BMI on dexterity. Longitudinal studies tracking BMI and motor skill trajectories, such as those by Möller et al. (2021), are needed to clarify directionality. Secondly, the sample size (n=79) and restricted BMI variability (mean: 15.9 kg/m²) may have limited power to detect subtle effects, particularly in underweight and obese subgroups. Larger cohorts, like the LIFE Child study (n=2,106) by Möller et al. (2021), demonstrate clearer BMI-motor skill associations. Thirdly, reliance on BMI as a sole adiposity marker overlooks body composition nuances (e.g., muscle vs. fat distribution), which are critical in motor performance 9. Future studies should incorporate measures like waist circumference or dual-energy X-ray absorptiometry. Finally, cultural and environmental factors (e.g., physical activity levels, dietary habits) were not assessed, though these are known mediators of BMI-dexterity relationships.
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