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Abstract
Objective 
Obesity is a growing epidemic and public health problem in children. The 
purpose of this study was to determine the effect of body mass index (BMI) on 
the gross motor development.
Materials & Methods
In this cross-sectional study conducted in 2012-13 in Gorgan, northern Iran, 
the gross motor development of 90 children 3-5 yr old in three groups of 
lean, normal and obese/overweight were evaluated by the ages and stages 
questionnaires (ASQ) and Denver 2 scale.
Results
Totally, 90 children were enrolled and their developmental level was assessed 
with two ASQ and Denver II indices. The mean and standard deviation of the 
ASQ scores of the children was 53.11± 11.06 and based on Denver index, 9 
children (10%) were at developmental delay status, 15 (16.7%) in the caution 
conditions, and 53 (58.9%) at normal developmental status. The developmental 
level was lower in obese/overweight group comparing with other groups 
according to both Denver and ASQ and there was a significant difference 
between obese/overweight group and normal group based in Denver and ASQ, 
respectively. There was no significant difference between underweight and 
normal and obese and underweight groups.
Conclusion
Overweight and obesity could affect on the gross motor development.

Keywords: Body mass index; Children; Gross motor development; ASQ; 
Denver II
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Introduction
Motor development is any change and progression in motor function resulting from 
a complex interplay of genetic and environmental factors. Motor development can 
be divided into two sections of gross motor and fine motor developments. The first 
is child’s ability to move around and to utilize all parts of his body to perform tasks 
like rolling, crawling, walking, running, and jumping. These skills usually require 
the use of all or several body parts simultaneously. 
Childhood obesity is a growing epidemic. The prevalence of childhood overweight 
and obesity is increasing dramatically all over the world (1-3). The global 
prevalence of childhood overweight in the Americas is greater than Europe (4). 
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necessary information and were assured about the 
privacy of their personal data and informed consent 
was obtained. Parents of obese or overweight children 
were also given further explanations on the risks of 
obesity.
Inclusion criteria were restricted to healthy children 
registered in kindergartens and none of the children 
had a history of medical conditions such as chronic 
diseases, orthopedic problems, central or peripheral 
nervous system diseases that affect gross motor skills. 
These items were collected by questionnaire filled out 
by parents and examination done by the executive. 
First, list of kindergartens in Gorgan with their 
addresses and geographic locations were prepared by 
Welfare Office and Department of Education. They 
were divided into North, South, East, and West groups 
based on their location in the city. Two kindergartens 
were selected randomly from each region. Parents and 
kindergartens’ officials were prepared with information 
and required measurements were done on children of 
these centers for 90 kids of 3-5-yr-old. Thirty of which 
had a normal BMI (between 5-85 percentile), 30 were 
obese or overweight (BMI at or above 85 percentile) 
and the rest were underweight or had a BMI below 5 
percentile.

BMI Measurement 
Children’s BMI were calculated based on standard 
growth charts of Centers for Disease Control and 
Prevention (CDC). The height and weight were 
measured by Seca scale and stadiometer (Germany) 
and obtained numbers using BMI formula (weight in 
kg divided by height in meters squared), were analyzed 
using BMI-for-age growth curves and percentiles were 
determined. 

Measuring gross motor development
Children’s motor development was assessed according 
to ages and Stages Questionnaire (ASQ) as well as 
Denver II developmental Screening Test. ASQ is a 
standardized, valid and reliable questionnaire (13), 
filled out by parents and Denver II is a scale completed 
by the researcher. We used the valid and reliable 
Persian version of ASQ (14) and the Persian version of 
Denver II developmental Screening Test (15).  

About 14.4% of American children and adolescents are 
overweight or according to Body Mass Index (BMI) 
are at or above the 95th percentile (5). 
The health consequences of this epidemic are burst of 
adult diseases including hypertension, high cholesterol, 
type 2 diabetes, and cardiovascular disease among 
children. Some of the processes associated with poorer 
neurological function in obese adults have their origins 
in childhood (6). The frequency of the emergency and 
outpatient clinics utilization by overweight or obese 
children was more than underweight/healthy weight 
children were but was not for hospitalized cases (7). 
Both motor activity and physical self-perception are 
affected by obesity (8). Significant weight loss may be 
considered an important means to upgrade the level of 
gross motor skill in overweight children (9).
BMI mediates the effect of income on children’s 
executive control and has negative implications for 
academic readiness, social competence, and behavioral 
adjustment (10, 11).
Obesity is a growing epidemic and a public health 
problem in children. Due to increase the prevalence 
of overweight and obesity and its impact on motor 
development and considering that previous studies 
have been conducted mainly on elementary school-
aged children; we decided to study and analyze the 
association between BMI and gross motor development 
in pre-school ( 3-5-yr-old) children. 

Materials & Methods
In this analytical cross-sectional study, 90 children of 
3-5-yr-old from kindergartens in Gorgan, a northern 
city in Iran, were recruited by two-stage sampling in 
2012-13 and were divided into three groups according 
to BMI: high, medium and low. Using comparison two 
proportions formula (12) and considering that 58% of 
overweight or obese children and 15% of children with 
normal BMI were rated below average GMQ (Gross 
Motor Quotient) score, the calculated sample size was 
30 children for each group with total sample size of 90 
(30 obese and overweight children, 30 children with 
normal BMI, 30 underweight children). Alpha error 
and power were defined 0.05 and 0.9, respectively. 
Ethics Committee of Golestan University of Medical 
Sciences approved the study. Parents were given the 
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of younger children have already passed. The result 
of the test can be labeled as “normal,” “suspect,” or 
“untestable.” A normal result is produced when the 
child has no delays and a maximum of one caution, 
whereas a suspect is a child with two or more cautions 
or one or more definitive delays. Lastly, an “untestable” 
is a child who refuses to complete one or more tasks 
completed by 90% of a younger age group (15).

Statistical analysis
All analyses were performed with the use of SPSS 
software, ver. 11.5 (Chicago, IL, USA). Accumulation 
and distribution indices were used to describe data. 
Fisher and Chi-Square Tests (for qualitative variables), 
Kruskal–Wallis analysis (for quantitative variables) 
were used. We utilized Mann–Whitney Test to compare 
continuous quantitative variables. Normal distribution 
of variables was analyzed by Kolmogorov–Smirnov 
test. The significance level of less than 0.05 (P<0.05) 
and the confidence interval (CI) 95% were considered 
for all analyses.

Results
Ninety children of 3-5-yr-old were categorized 
and analyzed in three 30-member groups of obese/
overweight, normal, and underweight in terms of 
gross motor development. The average age of children 
enrolled in our study was 47.58+/- 8.42 months, with 
a minimum and maximum age of 36, 60 months, 
respectively. Forty-seven (52/2%) were male and 
43 (47.8%) were female. Table 1 shows the basic 
characteristics of the children listed in different groups 
by BMI.

The ASQ are 19 parent report questionnaires that span 
the age range between 4 and 60 months. Questionnaire 
intervals include 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 
27, 30, 33, 36, 42, 48, 54, and 60 months of age. Each 
questionnaire composed of three sections: a brief set 
of demographic items, 30 questions on the infant’s or 
child’s development assessing five domains equally 
(communication, gross motor skills, fine motor skills, 
problem-solving, and personal-social skills), and seven 
open-ended questions eliciting parental concerns. 
The choice of responses for each item is “yes,” 
“sometimes,” or “not yet,” receiving scores of 10, 5, 
and 0, respectively. Thus, ASQ scores of each child in 
each field can be between zero and 60. The test is graded 
according to the domain tested and compared with an 
empirically derived screening Cut off score (13, 15-19). 
The Persian version of the ASQ has appropriate validity 
and reliability for screening developmental disorders in 
Iran (13). The ability to identify children with delay 
varied from 51% (4 months) to 90% (36 months), 
depending on the age at the time of assessment, with an 
overall sensitivity of 75% and a specificity of 81% to 
92%, with an overall value of 86% (15, 20, 21).
The Denver Developmental Screening Test, 2nd 
edition is the most widely used test and is generally 
accepted worldwide because of its ease of use. It is 
highly reliable. This screening test is meant for children 
between 0 and 6 yr of age. It takes approximately 
20 to 30 min to administer and score and involves a 
combination of formal testing, direct observation of the 
child, and eliciting possible parental concerns using 
a questionnaire. The test is composed of 125 items, 
divided into four sections: gross motor, fine motor/
adaptive, personal/social, or language skills. Each 
individual item is chosen appropriately according 
to the age of the child and scored objectively as a 
“pass,” “fail,” “refusal” (an uncooperative child), or 
“no opportunity” (if the item is not performed). A 
pass signifies that the child can perform a skill or task 
normally performed by 90% of the normative group 
younger than the child can.
A failed score is further graded as “delayed” if the 
child failed or refused a test item by 90% of younger 
children. Alternatively, it can be graded as a “caution” 
if the child failed or refused an item that 75% to 90% 
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Table 1. Basic characteristics of different BMI groups

BMIUnderweightNormalObese/overweightP-value

Age (µ±SD)46.63±8.8349.67±7.9246.43±8.860.25

Gender (n(%))
Male   15(50)
Female 15(50)

Male   18(60)
Female 12(40)

Male   14(46.7)
Female 16(53.3)

0.56
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Table 2. ASQ and different adjusted-ages

Adjusted-ageMean (median) ASQ scoreStandard deviation

36 month-old51.67(55)11.97

42 month-old51.36(60)12.65

48 month-old54.5(57)10.66

54 month-old54.25(60)10.04

60 month-old55(60)9.68

Analysis showed that measure of agreement kappa 
between the results of ASQ and Denver was 0.82.
In assessment of children development according to 
ASQ, we considered the adjusted age, which based on 
that children were divided into 5 groups: 36, 42, 48, 54, 
and 60 month-old.

Kruskal-Wallis test showed no statistically significant 
relationship between BMI and adjusted age groups 
(P=0.2). In Table 2, the mean, median and standard 
deviation of ASQ score, separated by adjusted age, are 
listed.

difference between male and female children (P=0.03) 
but regarding BMI, no significant difference was seen 
between girls and boys in ASQ scores. Average and 
standard deviation of ASQ score in all participants was 
53.11+/- 11.06. Table 3 shows ASQ score average in 
different BMI groups.

Mean and standard deviation of ASQ score of male 
children was 55 +/- 9.78 with minimum of 25, 
maximum of 60, and median of 60. Mean ASQ score 
of female children was 51.05+/- 12.08 with minimum 
of 15, maximum of 60 and median of 55. Considering 
ASQ score, we found a statistically significant 

Table 3. ASQ score average in different BMI groups

BMIASQ averageStandard deviation

Underweight54.3310.15

Normal575.81

Obese/overweight4813.93
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there was no significant difference between underweight 
and normal and obese and underweight groups, which 
does not agree with the other study (22). Possible 
explanations for this discrepancy are the number of 
the patients, increasing the sample size might lead us 
to a statistically significant and positive relationship 
between the level of development of underweight and 
normal children.

We found a statistically significant difference among 
underweight, normal and obese/overweight children 
(P=0.01). Post Hoc analysis showed this difference was 
between normal BMI and obese/overweight groups 
(P=0.006). There was no significant difference between 
normal and underweight group (P=0.43) and between 
obese/overweight and underweight group (P=0.11).
Developmental status of children according to Denver 
scale was as follows:
In male group; 4 (8.5%) participants were in delayed 
zone, 4 (8.5%) in border state, 31 children (66%) in 
normal zone, and 8 (17%) were in advanced status. 
In female children; 5 children (11.6%) were in the 
delayed condition, 11 children (25.6%) in border zone, 
22 (51.2%) were normal and 5 children (11.6%) were 
in advanced zone. 
Our analyses indicated that the developmental status 
of children based on Denver scale had no significant 
differences between both genders (P=0.14). It also 
had no statistically significant difference between both 
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genders according to Denver scale among different 
BMI groups. 
Among all children, 9 (10%) had delayed status based 
on Denver development index, 15 children (16.7%) 
were in border zone, 53 children (58.9%) were in 
normal developmental status, and 13 children (14.4%) 
were in advanced developmental state. Considering 
Denver development scale, we found a statistically 
significant difference among underweight, normal and 
obese/overweight children (P=0.002). This differences 
related to obese/overweight and normal children groups 
(P=0.004) and no statistically significant differences 
was observed between developmental status of 
children with normal weight and underweight (P=0.08) 
and between obese/overweight and underweight group 
(P=0.17). The frequency of children’s developmental 
status according to Denver in different BMI values is 
shown in Figure 1. The results of two tests and the BMI 
show in Table 4.

Fig 1. Frequency of children’s developmental status according to Denver in different BMI values

Discussion
In our study, developmental level was assessed with 
two ASQ and Denver II indices. Among 90 children, 
the developmental level was lower in obese/overweight 
group comparing with other groups according to both 
Denver and ASQ and there was a significant difference 
between obese/overweight group and normal group, in 
agreement with other studies (4, 12, 22-27). However, 
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There was also no significant difference between males 
and females in our study, as in other studies (22, 26). 
However, there was difference between two genders 
(27, 28). No association with BMI in each of the four 
areas (cognition, language, fine and gross motor) of 
development in girls, but in boys, higher BMI was 
along with developmental delay in all four areas (28). 
However, this difference might be due to the large 
sample size.
There was a significant and inverse correlation between 
BMI and skills such as horizontal jumping, hopscotch, 
running, and dancing but there was no relationship 
between BMI and catching, shooting, and hitting a ball 
(29). In our study, we calculated motor developmental 
scores by summation of all scores, but in previously 
mentioned study, BMI was compared separately with 
each kind of movement. Only weight-dependent 
activities were correlated with BMI (29, 30).
In this study, a statistically significant difference was 
detected between males and females in terms of ASQ 
score and boys gained a higher ASQ score comparing 
to girls but this difference was not observed in Denver 
II scale that might be due to detailed review of skills 
in ASQ index. The strength of our analysis includes 
simultaneous assessment motor development level 
with two famous ASQ and Denver II indices.
In conclusion, obese and overweight children 
comparing to other children of their same age are at 
lower level of gross motor development. Increasing the 
sample size in further studies improves the accuracy 
of the results. Furthermore, providing a well-designed 
prospective study can strongly establish the causality 

between obesity and developmental delay. 
Determining the relationship between obesity and 
lower motor development level, we can warn parents 
about another negative aspect of their child obesity or 
overweight, therefore, they can prevent developmental 
delay in their child as well as other complications by 
controlling their diet and activity.
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Table 4. Results of Denver, ASQ, and the BMI

Failed

ASQ
P-value
Delay

Denver
P-value

SuspectPassedCautionNormalAdvanced

BMI

Low2(2.2)*4(4.4)24(26.7)

0.01

2(2.2)4(4.4)22(24.4)2(2.2)

0.002
Normal02(2.2)28(31.1)1(1.1)3(3.3)16(17.8)10(11.1)

High5(5.5)6(6.7)19(21.1)6(6.7)8(8.9)15(16.7)1(1.1)

*: frequency (percent)



13Iran J Child Neurol. SUMMER  2017  Vol 11 No 3

Gross Motor Coordination in Children as a Result 
of Multidisciplinary Residential Obesity Treatment. 
Obesity 2011; 19:1999–2005.  

10.	 Tandon P, Thompson S, Moran L, Lengua L. Body Mass 
Index Mediates the Effects of Low Income on Preschool 
Children’s Executive Control, with Implications for 
Behavior and Academics. Child Obes 2015; 11: 569–76.   

11.	 Datar A, Sturm R. Childhood overweight and elementary 
school outcomes. Int J Obes (Lond) 2006;30:1449–60.  

12.	 Nervik D, Martin K, Rundquist P, Cleland J. The 
Relationship Between Body Mass Index and Gross 
Motor Development in Children Aged 3 to 5 Years. Ther 
2011;23:144-48.

13.	 Vameghi R, Sajedi F, Kraskian Mojembari A, 
Habiollahi A, Lornezhad HR, Delavar B. Cross-Cultural 
Adaptation, Validation and Standardization of Ages and 
Stages Questionnaire (ASQ) in Iranian Children. Iran J 
Publ Health 2013;42 :522-28.

14.	 Glascoe FP. Evidence-based approach to developmental 
and behavioural surveillance using parents’ concerns. 
Child Care Health Dev 2000;26:137-49. 

15.	 Rydz, D, Shevell M, Majnemer A, Oskoui M. 
Developmental Screening. J Child Neurol 2005; 20,4.

16.	 Klamer A, Lando A, Pinborg A, Greisen G. Ages and 
Stages Questionnaire used to measure cognitive deficit 
in children born extremely preterm. Acta Pædiatrica 
2005; 94: 1327–29.

17.	 Rydz D, Srour M, Oskoui M, Marget N, Shiller M, 
Birnbaum R, et al. Screening for developmental delay in 
the setting of a community pediatric clinic: a prospective 
assessment of parent-report questionnaires. Pediatrics 
2006 ;118:1178-86.

18.	 Elbers J, Macnab A, McLeod E, Gagnon F.The Ages and 
Stages Questionnaires: feasibility of use as a screening 
tool for children in Canada. Can J Rural Med 2008 
;13:9-14.

19.	 Kerstjens JM, Bos AF, ten Vergert EM, de Meer G, 
Butcher PR, Reijneveld SA. Support for the global 
feasibility of the Ages and Stages Questionnaire as 
developmental screener. Early Hum Dev 2009;85:443-
7.

20.	 Glascoe FP. Screening for developmental and 
behavioral problems. Ment Retard Dev Disabil Res Rev 

accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Conflict of Interest
The authors declare that there is no conflict of interests. 

References
1.	 Deforche B, De Bourdeaudhuij I, D’hondt E, Cardon G. 

Objectively measured physical activit, physical activity 
related personality and body mass index in 6- to 10-yr-
old children: across-sectional study. Int J Behav Nutr 
Phys Act 2009;14;6:25. 

2.	 Smetanina N, Albaviciute E, Babinska V, Karinauskiene 
L, Albertsson-Wikland K, Petrauskiene A et al. 
Prevalence of overweight/obesity in relation to dietary 
habits and lifestyle among 7-17 years old children and 
adolescents in Lithuania. BMC Public Health 2015; 15: 
1001.  

3.	 Ogden CL, Carroll MD, Curtin LR, Lamb MM, Flegal 
KM. Prevalence of high body mass index in US children 
and adolescents, 2007-2008. JAMA 2010; 20;303:242-
9. 

4.	 D’hondt E, Deforche B, De Bourdeaudhuij I, Lenoir 
M. Relationship between Motor Skill and Body Mass 
Index in 5- to 10-Year-Old Children. Adapt PhysActiv 
Q 2009;26:21-37. 

5.	 Hurvitz EA, Green LB, Hornyak JE, Khurana SR, 
Koch LG. Body mass index measures in children 
with cerebral palsy related to gross motor function 
classification: a clinic-based study. Am J Phys Med 
Rehabil 2008;87:395–403. 

6.	 Osika W, Montgomery SM. Physical control and 
coordination in childhood and adult obesity: Longitudinal 
Birth Cohort Study. BMJ 2008; 337: a699.  

7.	 Lynch BA, Finney Rutten LJ, Jacobson RM, Kumar S, 
Elrashidi MY, Wilson PM, et al. Health Care Utilization 
by Body Mass Index in a Pediatric Population. Acad 
Pediatr 2015;15:644-50. 

8.	 Morano M, Colella D, Robazza C, Bortoli L, Capranica 
L. Physical self-perception and motor performance in 
normal-weight, overweight and obese children. Scand J 
Med Sci Sports 2011; 21: 465–73.  

9.	 D’Hondt E, Gentier I, Deforche B, Tanghe A, De 
Bourdeaudhuij, Lenoir M. Weight Loss and Improved 

Assessment of the Relationship between Body Mass Index and Gross Motor Development in Children



14 Iran J Child Neurol. SUMMER  2017  Vol 11 No 3

Rodrigues LP. Correlation between BMI and motor 
coordination in children. J Sci Med Sport 2012;15:38-
43.

27.	 Mond JM, Stich H, Hay PJ, Kraemer A, Baune BT. 
Associations between obesity and developmental 
functioning in pre-school children: a population-based 
study. Int J Obes (Lond) 2007;31:1068-73.

28.	 Cawley J, Katharina Spiess C. Obesity and 
Developmental Functioning Among Children Aged 2-4 
Years. Deutsches Institut für Wirtschaftsforschung 2008 
;786:1-12. 

29.	 Siahkouhian M, Mahmoodi H, SalehiM. Relationship 
Between Fundamental Movement Skills and Body Mass 
Index in 7-To-8 Year-Old Children. World Appl Sci J 
2011;15:1354-60.

30.	 Castetbon K, Andreyeva T. Obesity and motor skills 
among 4 to 6-year-old children in the united states: 
nationally representative surveys. BMC Pediatrics 
2012;12:28.

2005;11:173–79.

21.	 Glascoe FP. Using Parents’ Concerns to Detect and 
Address Developmental and Behavioral Problems. J Soc 
Pediatr Nurs 1999;4:24-3.

22.	 Graf C, Koch B, Kretschmann-Kandel E, Falkowski G, 
Christ H, Coburger S, et al. Correlation between BMI, 
leisure habits and motor abilities in childhood (CHILT-
project). Int J Obes Relat Metab Disord 2004 ;28:22-6.

23.	 Williams J, Wake M, Hesketh K, Maher E, Waters 
E. Health-Related Quality of Life of Overweight and 
Obese Children. JAMA 2005;293(1):70-76.

24.	  Casajus JA, Leiva MT, Villarroya A, Legaz A, 
Moreno LA. Physical performance and school physical 
education in overweight Spanish children. Ann Nutr 
Metab 2007;51:288- 96.

25.	 Slining M, Adair LS, Goldman BD, Borja JB, Bentley 
M. Infant overweight is associated with delayed motor 
development. J Pediatr 2010; 157: 20–25.

26.	 Lopes VP, Stodden DF, Bianchi MM, Maia JA, 

Assessment of the Relationship between Body Mass Index and Gross Motor Development in Children


