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The Relationship between Body Mass Index and Cranial Index in Early Childhood: An Observational Study in Abraka, Nigeria


ABSTRACT
Aims: To investigate the relationship between BMI and CI among children aged 1–5 years in Abraka, Delta State, Nigeria, and to examine sex-related differences in measured parameters.
Study Design: Quantitative, cross-sectional observational study design.
Place and Duration of Study: Delsu Nursery and Primary School, Abraka Model School, Great Beginners Montessori School. Between January 2025 and August 2025.
Methodology: 500 children (250 male and 250 female participants; aged 1–5 years) were recruited into the study by stratified random sampling. Weight and height were measured using a digital body tracker to calculate BMI, while cranial length and breadth were measured with spreading calipers to derive CI. Data were analyzed using SPSS v.25. Descriptive statistics summarized the data, independent-samples t-tests assessed sex differences, and Pearson’s correlation coefficient evaluated associations between BMI and CI. A P-value ≤ 0.05 was considered statistically significant.
Results: Analyzed data revealed no statistically significant correlation between BMI and CI (r = 0.035, P = .437). Sex-related differences in BMI were also not statistically significant (P = 0.078). However, non-random differences in CI between sexes were evident indicating sexual dimorphism in cranial morphology within the studied age group (obtained P-value: 0.009). Distribution of cranial types revealed a predominance of mesocephaly (50%), followed by brachycephaly (26%) and dolichocephaly (24%), patterns that are consistent with reports from comparable pediatric populations.
Conclusion: The absence of a significant correlation between BMI and CI in early childhood suggests that nutritional status and craniofacial morphology may develop independently during this stage of growth. The predominance of mesocephaly provides baseline craniofacial data for Nigerian pediatric populations, underscoring the need for multicenter studies.
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1. INTRODUCTION
	Early childhood, defined as the period from birth to six years, is a pivotal developmental phase characterized by accelerated physical, cognitive, emotional, and social growth. The trajectory of growth in early childhood is influenced by a complex interplay of determinants, including genetic predisposition, nutritional status, environmental exposures, socio-economic conditions, and psychosocial factors (Ulijaszek & Kerr, 1999; Lohman et al., 1988). As the physical science concerned with the systematic measurement of human growth and development in metric terms and indices, anthropometry provides indispensable data critical for assessing early childhood variations in patterns of human growth and development, and analyzing the relationships that exist among these parameters. Within these fields, a key volumetric parameter which relates the anthropometric measurement of the cranial breadth to cranial length and plays a vital role in medical, surgical, and economic assessments of variations in cranial morphology, cranial anomalies, and ethno-racial differences, is the cranial index (CI) (Tseng & Crump, 2023). Studies among preschool and school-aged children have demonstrated that CI can vary significantly with age and ethnic background, thereby providing useful baseline data for pediatric craniofacial assessment and forensic applications (Williams et al., 2017; Bayat et al., 2012; Mandal et al., 2016; Vora et al., 2022). Within this context, the assessment of Body Mass Index (BMI) has emerged as one of the most practical and widely applied anthropometric indicators in early childhood. BMI, which relates somatic measurements of weight to the square of body height, serves as a reliable screening tool for nutritional status and growth patterns, offering insights into undernutrition, overweight, and obesity during critical developmental stages (Gibson, 2024; Kong, et al. 2025). Its application in pediatric populations is central to monitoring growth trajectories, identifying deviations that may predispose to later health risks, and evaluating socio-economic and environmental influences on child health outcomes (Cole et al., 2000; de Onis & Lobstein, 2010; Jansen et al., 2023). Emerging evidence suggests that both BMI and CI may reflect underlying growth processes which are influenced by genetic, nutritional, and environmental determinants thus underscoring their relevance in the holistic evaluation of early childhood development. 
	
	Although Body Mass Index (BMI) and Cranial Index (CI) have been widely studied as independent anthropometric measures, their interrelationship in early childhood across diverse populations remains poorly understood. Most existing studies have focused either on BMI as an indicator of nutritional and health status (Cole et al., 2000; de Onis & Lobstein, 2010; Andrew et al., 2023) or on CI as a measure of craniofacial morphology and population variability (Bayat et al., 2012; Ojieh, Enaohwo & Ebeye, 2016; Mandal et al., 2016). While some research in older children and adult populations has reported associations between craniofacial dimensions and nutritional indices (Bayat et al., 2012; Vora et al., 2022; Gibson, 2024), comparable data in early childhood remain scarce. This knowledge gap is significant because early childhood (ages 1–5 years) represents a critical developmental window during which growth patterns are highly sensitive to nutritional, environmental, genetic, and socio-economic influences (Ulijaszek & Kerr, 1999; Jansen et al., 2023). Establishing whether BMI correlates with CI at this stage is essential for several reasons. First, it may provide valuable baseline data for pediatric assessment, supporting clinicians in monitoring craniofacial growth and detecting developmental deviations. Second, it could help clarify sex-related differences in these indices, thereby refining the accuracy of anthropometric standards across populations (Mandal et al., 2016; Ojieh et al., 2016). Third, given regional variations in nutritional status and craniofacial morphology, such research is particularly relevant for African populations, where limited anthropometric data are available (Andrew et al., 2023). Therefore, investigating the correlation between BMI and CI in children aged 1–5 years is justified not only as a contribution to academic knowledge but also as a step toward improving pediatric health evaluation, public health surveillance, and the development of population-specific growth references.

2. MATERIALS AND METHODS 
This research was conducted as a quantitative, cross-sectional observational study in Abraka, Delta State, Nigeria. A total of 500 children aged 1–5 years were selected from the available sampling frame of nursery and primary schools in Abraka, Delta State (250 males and 250 females) by stratified random sampling. Participants were accepted into the study population if they were within the specified age range and had parental or guardian consent. Children with congenital craniofacial anomalies, physical disabilities, chronic illnesses, or those whose parents or guardians withheld consent were excluded from the study.
Anthropometric data were collected following standardized procedures. Body weight and height were measured using a digital body tracker (OriamoT), and Body Mass Index (BMI) was calculated as weight in kilograms divided by the square of height in meters (kg/m²). Cranial dimensions were obtained with spreading calipers (WhitworthT): cranial length was defined as the maximum distance from the glabella to the opisthocranion, and cranial width as the maximum biparietal diameter. The Cranial Index (CI) was then computed using the formula: CI = (cranial width ÷ cranial length) × 100. All measurements were recorded to the nearest 0.1 mm to ensure precision.
Data were analyzed using SPSS version 25. Descriptive statistics, including mean, standard deviation, and frequency distributions, were used to summarize BMI and CI values. Independent-samples t-tests were employed to assess sex differences, while Pearson’s correlation coefficient was applied to evaluate the relationship between BMI and CI. Statistical significance was determined at a threshold of P ≤ .05.
[bookmark: _Hlk209749868]Ethical approval for the study was obtained from the Research and Ethics Committee of Delta State University, Abraka (RBC/FBMC/DELSU/25/894). Written informed consent was secured from parents or legal guardians of all participants, and confidentiality was strictly maintained throughout the study.
3. RESULTS 
A total of 500 children aged 1–5 years participated in the study, comprising 250 males and 250 females. The descriptive statistics for the overall sample are presented in Table 1.  The mean weight and height were 17.01 ± 3.02 kg and 104.13 ± 9.27 cm, respectively. Cranial length ranged from 133–200 mm (mean 174.09 ± 8.10 mm), while cranial width ranged from 118–185 mm (mean 135.21 ± 7.15 mm). The mean Body Mass Index (BMI) was 15.54 ± 1.55 kg/m², and the mean Cranial Index (CI) was 77.74 ± 4.51.
Table 1. Descriptive statistics of the study population (N = 500)
	Parameter
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Weight (kg)
	500
	8.40
	28.80
	17.01
	3.02

	Height (cm)
	500
	65.00
	125.00
	104.13
	9.27

	CL (mm)
	500
	133.00
	200.00
	174.09
	8.10

	CW (mm)
	500
	118.00
	185.00
	135.21
	7.15

	BMI
	500
	11.55
	23.80
	15.54
	1.55

	CI
	500
	62.12
	108.27
	77.74
	4.51


Sex-specific descriptive statistics are shown in Table 2. Males had slightly higher mean values for weight, height, cranial length, and cranial width, whereas females demonstrated a marginally higher mean CI (78.27 ± 4.67 vs. 77.21 ± 4.30).
Table 2. Descriptive statistics of males and females.
	Parameter
	Sex
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Weight (kg)
	F
	250
	9.80
	25.50
	16.67
	2.85

	
	M
	250
	8.40
	28.80
	17.36
	3.15

	Height (cm)
	F
	250
	70.00
	121.00
	103.42
	8.66

	
	M
	250
	65.00
	125.00
	104.84
	9.81

	CL (mm)
	F
	250
	133.00
	194.00
	172.07
	7.55

	
	M
	250
	151.00
	200.00
	176.10
	8.14

	CW (mm)
	F
	250
	118.00
	153.00
	134.54
	6.21

	
	M
	250
	118.00
	185.00
	135.87
	7.94

	BMI
	F
	250
	11.56
	20.23
	15.41
	1.49

	
	M
	250
	11.55
	23.80
	15.66
	1.60

	CI
	F
	250
	67.01
	108.27
	78.27
	4.67

	
	M
	250
	62.12
	95.85
	77.21
	4.30


Comparisons between sexes (Table 3) revealed statistically significant differences in weight (p = 0.010), cranial length (p < 0.001), cranial width (p = 0.038), and cranial index (p = 0.009). However, no significant differences were observed in BMI (p = 0.078) or height (p = 0.088).
Table 3. Sex differences in study parameters.
	Parameter
	Sex
	N
	Mean
	Std. Deviation
	P-value

	Weight (kg)
	M
	250
	17.36
	3.15
	0.010

	
	F
	250
	16.67
	2.85
	

	Height (cm)
	M
	250
	104.84
	9.81
	0.088

	
	F
	250
	103.42
	8.66
	

	CL (mm)
	M
	250
	176.10
	8.14
	<0.001

	
	F
	250
	172.07
	7.55
	

	CW (mm)
	M
	250
	135.87
	7.94
	0.038

	
	F
	250
	134.54
	6.21
	

	BMI
	M
	250
	15.66
	1.60
	0.078

	
	F
	250
	15.41
	1.49
	

	CI
	M
	250
	77.21
	4.30
	0.009

	
	F
	250
	78.27
	4.67
	


The correlation analysis between study parameters is presented in Table 4. Weight was strongly correlated with height (r = 0.838, p < 0.001) and moderately correlated with cranial width (r = 0.499, p < 0.001) and BMI (r = 0.515, p < 0.001). Cranial length showed a moderate negative correlation with CI (r = –0.495, p < 0.001), whereas cranial width demonstrated a strong positive correlation with CI (r = 0.636, p < 0.001). Importantly, no statistically significant correlation was observed between BMI and CI (r = 0.035, p = 0.437). 
Table 4. Correlation between study parameters.
	Variables
	N
	Correlation (r)
	P-value

	Weight & Height
	500
	0.838
	<0.001

	Weight & CL
	500
	0.386
	<0.001

	Weight & CW
	500
	0.499
	<0.001

	Weight & BMI
	500
	0.515
	<0.001

	Weight & CI
	500
	0.142
	0.002

	Height & CL
	500
	0.315
	<0.001

	Height & CW
	500
	0.462
	<0.001

	Height & BMI
	500
	0.048
	0.284

	Height & CI
	500
	0.166
	<0.001

	CL & CW
	500
	0.336
	<0.001

	CL & BMI
	500
	0.278
	<0.001

	CL & CI
	500
	–0.495
	<0.001

	CW & BMI
	500
	0.276
	<0.001

	CW & CI
	500
	0.636
	<0.001

	BMI & CI
	500
	0.035
	0.437


BMI classification of the study population is presented in Figure 1, showing the distribution of underweight (24%), normal weight (62%), obese (3%) and overweight categories (11%). Cranial type distribution analysis indicated a predominance of mesocephaly (50%), followed by brachycephaly (26%) and dolichocephaly (24%), as shown in Figure 2. 
[image: ][image: ]                                    
4. DISCUSSION
This study investigated the relationship between Body Mass Index (BMI) and Cranial Index (CI) in children aged 1–5 years in Abraka, Delta State, Nigeria. The analysis revealed no statistically significant correlation between BMI and CI (r = 0.035, P = .437). This indicates that cranial morphology does not exert measurable influence on early childhood nutritional status or somatic growth, as indexed by BMI (Tseng & Crump, 2023). These findings diverge from some adult studies, where weak but significant associations between cranial dimensions and body composition have been reported (Golalipour et al., 2007; Eboh, 2010; Eboh et al, 2016; Mandal et al., 2016). Such differences may reflect the distinct developmental trajectories of cranial growth and general body growth. Cranial development is largely genetically regulated and stabilizes earlier, while BMI remains highly responsive to environmental and nutritional influences (Bayat et al., 2012; Kouchi, 2000).
Sex-related comparisons provided further insights. While no significant sex difference was observed in BMI (P = .078), cranial dimensions displayed pronounced sexual dimorphism. Males exhibited significantly greater cranial lengths (p < 0.001) and widths (P = .038), whereas females showed significantly higher mean CI values (P = .009). The statistical significance of CI differences underscores the biological reality that craniofacial morphology is influenced by sex even from early childhood. Similar sex-linked variations in cranial form have been observed in both Nigerian populations (Ojieh et al., 2016; Eroje et al., 2010) and other global cohorts (Saha et al., 2015; Mugo et al., 2020). Such dimorphism may carry implications for forensic anthropology, pediatric craniofacial surgery, and growth monitoring (Williams et al., 2017; Steyn & Iscan, 1998).
The cranial type distribution revealed a predominance of mesocephaly (50%), followed by brachycephaly (26%) and dolichocephaly (24%). These proportions are consistent with reports from African pediatric studies (Eroje et al., 2010; Maina et al. 2011; Ojieh et al., 2016), but variations exist across regions due to genetic, nutritional, and environmental factors. For example, studies in Iran (Golalipour et al., 2007; Bayat, 2012), China (Yang, et al. 2025) and India (Mandal et al., 2016) have documented higher rates of brachycephaly, whereas East African cohorts often show greater dolichocephalic tendencies (Mugo et al., 2020). The predominance of mesocephaly in this study suggests a balanced cranial pattern that may confer functional and adaptive benefits, particularly for brain growth and masticatory efficiency during the early years of development (Kouchi, 2000; Bayat et al., 2012).
The absence of correlation between BMI and CI further highlights the independent determinants of these indices. BMI is influenced primarily by nutritional intake, physical activity, and socioeconomic conditions (Cole et al., 2000; de Onis & Lobstein, 2010; Andrew et al., 2023; Kong et al. 2025), while CI is more strongly governed by genetic and developmental factors. This independence has been emphasized in pediatric growth research, where craniofacial dimensions are less sensitive to short-term nutritional changes compared to somatic indices (Roche & Sun, 2003; Vercellotti et al., 2014; Par et al, 2025). Consequently, CI should not be relied upon as a proxy for nutritional status assessment in children. Instead, BMI and other validated anthropometric measures remain essential tools for monitoring pediatric growth and detecting malnutrition in resource-limited settings such as Nigeria (UNICEF, 2021).
Despite these insights, the present study is not without limitations. Its cross-sectional design precludes causal inference, and the restriction to a single geographical region may limit generalizability. Additionally, the reliance on anthropometric indices alone, without genetic or radiological data, may underrepresent the complexity of craniofacial development. Future studies should adopt longitudinal and multicenter approaches, incorporating genetic, nutritional, and radiographic assessments, to better elucidate the interplay between cranial morphology and somatic growth across developmental stages.
5. CONCLUSION 
This study found no significant correlation between BMI and CI in Nigerian children aged 1–5 years, indicating that nutritional status and cranial morphology develop independently at this stage. However, significant sex differences in cranial indices highlight early sexual dimorphism. The predominance of mesocephaly provides useful baseline data for pediatric craniofacial standards in Nigerian populations. Further multicenter and longitudinal studies are recommended to confirm these findings and explore their broader clinical and anthropological implications.
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Figure 2. Cranial Classification (N = 500)
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Figure 1. BMI Classification (N = 500)
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