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Evaluation of the Physical Growth Parameters on the Developmental Outcome

of Children below Six Years of Age
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Objective: To evaluate the impact of physical growth parameters on the developmental outcome
of children below six years of age.

Design: A Retrospective Study.
Setting: Child Developmental Unit, Pediatric Department, Salmaniya Medical Complex, Bahrain.

Methods: Three hundred thirty-seven children below six years of age were followed-up at the
child developmental unit from January 2015 to January 2018 and were included in the study.
Children with congenital abnormalities were excluded. Their gestational age, birth-weight,
and head circumference at birth were documented. Their medical records were reviewed.
Anthropometric measurements were taken during the consultation visit, and their development
was assessed by the developmental pediatrician using Griffith mental developmental scale.

Results: The mean gestational age was 32 weeks and the mean birth weight was 1,520 grams.
The medical records showed that 85 (25.22%) of children were born small for gestational age
(SGA), 142 (42.14%) had Respiratory Distress Syndrome (RDS), 24 (7.12%) had retinopathy of
prematurity (ROP) and 34 (10.09%) had intraventricular hemorrhage (IVH). Statistical analysis
indicates that there is a significant relationship between abnormal physical growth and abnormal
development in children below six years of age.

Conclusion: The findings of our study showed that physical growth in the first six years of life has
a significant relationship to developmental outcome. In addition, the head circumference (which
is a reflection of the brain growth) had the most significant effect on the cognitive development.
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Developmental disorders result in cognitive, motor impairment,
and learning disabilities'. Developmental disorders could be
seen across prenatal, ante-natal, post-natal, infancy and early
childhood periods®. They require multi-disciplinary healthcare,
educational, and social services because the disorders cause
a significant burden on children, their families, and their
communities®. There is evidence that a better nutritional status
can improve the developmental outcome*®. The contribution
of physical growth to cognitive delay, learning disabilities,
motor, and global developmental delay in children is difficult
to isolate from other factors’™®. Thus, the relationship between
the physical growth and the development of subsequent neuro-

disabilities in children is complex and not very clear. Some
studies suggest that impaired physical growth in the early
years of follow-up is associated with three times increased
risk of developing disabilities, health problems, and short and
long-term psychological and social problems®!°. Therefore,
identifying early predictors to developmental outcomes in
children may allow early interventions.

The aim of this study is to identify early predictors of
developmental outcome in children and to evaluate the impact
of physical growth parameters on the developmental outcome
of children below six years of age.
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METHOD

Three hundred thirty-seven children below six years of age
were followed at the child developmental unit from January
2015 to January 2018 and were included in the study.
Children with congenital abnormalities were excluded. Their
gestational age, birth weight, and head circumference at birth
were documented. Their medical records were examined for
the presence of respiratory distress syndrome (RDS), neonatal
sepsis, intraventricular hemorrhage (IVH), and necrotizing
enterocolitis.

Anthropometric measurements (body length, weight, and head
circumference) were taken during the consultation visit. The
largest possible (fronto-occipital) circumference was measured
with a flexible non-stretchable tape (measuring error 0.3-0.4
cm)!"2, Weight was measured using an electronic weighing
scale.

Children’s weight, head circumference, and height were plotted
on the standardized WHO growth chart and their development
were assessed by the developmental pediatrician using Griffith
mental developmental scale!>!,

RESULT

The mean gestational age was 32 weeks and the median was 32
weeks. One hundred fifty-three (45.40%) patients were females
and 184 (54.60%) were males. The birth weight ranged
from 610-4,100 grams, a mean of 1,520 grams. The medical
records showed that 85 (25.22%) children were born small for
gestational age (SGA), 142 (42.14%) had Respiratory Distress
Syndrome (RDS), 24 (7.12%) had retinopathy of prematurity
(ROP), 34 (10.09%) had intraventricular hemorrhage (IVH),
and 49 (14.54%) had necrotizing enterocolitis.

Figure 1 represents the cases and percentage of children in each
of the four growth parameters expressed as a percentage of all
children included in this study.

All Children
n (%)
337 (100%)
Normal Physical Abnormal Physical
ro Growth
156(46.29%) 181(53.71%)
Underweight Microcephaly

124(36.80%) 90(26.71%)

Growth Retardation
33(9.80%

Figure 1: The Number of Cases and Percentage of Children
in Each of the Four Growth Parameters

One hundred fifty-six (46.29%) children had a normal physical
growth, 90 (26.71%) had microcephaly, 124 (36.80%)
were underweight, and 33 (9.80%) had growth retardation
(microcephaly and underweight).

Tables 1, 2, and 3 compare the characteristics of children with
normal physical growth to those with microcephaly, those
who were underweight, and those with growth retardation.
All P-values calculated using the Fisher’s exact tests were not
significant. This indicates that the children with normal physical
growth are comparable to those with abnormal physical growth
in terms of patient’s characteristics.

Table 1: Characteristics of Children with Normal Physical
Growth and Microcephaly

Normal
‘e Physical Microcephaly .
Characteristics Growth (n = 90) P-value
(n = 156)
Male patients 86 51 0.861
Female patients 70 39 0.861
Intraventricular
hemorrhage (IVH) 12 10 0.088
Respiratory Distress
Syndrome (RDS) 60 39 0.166
Necrotizing 21 14 0.751
enterocolitis
Retinopathy of
prematurity ? 8 0.252

aFisher’s exact tests for P-values
*p<0.05

One hundred forty-eight (43.92%) patients had normal
development, 132 (39.17%) presented with delayed
motor development, 123 (36.50%) with delayed cognitive
development, and 66 (19.58%) showed global developmental
delay (both cognitive and motor delay).

Table 2: Characteristics of Children with Normal Physical
Growth and Underweight

Normal
- Physical Underweight N
Characteristics Growth (n=124) P-value
(n=156)
Male patients 86 64 0.712
Female patients 70 60 0.712
Intraventricular
hemorrhage (IVH) 12 16 0.074
Respiratory Distress
Syndrome (RDS) 60 > 0527
Necrotizing enterocolitis 21 20 0.193
Retinopathy of prematurity 9 10 0.142

aFisher’s exact tests for P-values
*p<0.05
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Table 3: Characteristics of Children with Normal Physical
Growth and Growth Retardation

One hundred twenty-four (36.8%) were underweight; 34 (10%)
had normal development. Seventy-eight (23.1%) had cognitive

Normal delay, 51 (15%) had motor delay, 39 (11.6%) had global delay.
. Growth . . S
‘e Physical . a Children who were underweight showed a significant motor,
Characteristics Retardation P-value . . .
Growth (n=33) cognitive and global delays compared to children with normal
(n=156) physical growth, see table 5.
Male patients 86 17 0.691 . . .
Female patients 70 16 0.691 Table 5:‘ Patients with Normal Physical Growth and
Intraventricular Underweight
12 4 0.067
hemorrhage (IVH) Normal
Respirator Distress i i
San(;rome {RDS) 60 14 0.338 Developmental Outcome lg?;svlvc;]l Ur(lge:“wlv;‘l‘g)ht P-value®
Necrotizing enterocolitis 21 6 0.089 (n=156)
Retinopathy of .
prematI:lri t)): 9 3 0.181 Normal development 102 34 0.037
Delayed motor 39 78 "0.028
aFisher’s exact tests for P-values development
p<0.05* " .
Delayed cognitive 30 51 0.042
development
Figure 2 represents the cases and percentage of children for Global delay 5 39 0,002

each neurodevelopmental outcome expressed as a percentage
of all children included in the study.

All Children
(o
207 (100%6)

Abnormal Development
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Figure 2: Children in Each Neurodevelopmental Outcome

Ninety (26.71%) children had microcephaly; 18 (5.3%) had
normal development, 36 (10.7%) had motor delay and 66 (19.6%)
had cognitive delay. Thirty (8.9%) presented with global delay.
The statistical analysis indicates that children with microcephaly
showed significant cognitive, motor and global delay compared
to children with normal physical growth. The cognitive delay
being the most significant (P-value< 0.001), see table 4.

Table 4: Patients with Normal Physical Growth and
Microcephaly

Normal
Developmental Physical Microcephaly P-value®
Outcome Growth (n=90)

(n =156)
Normal 102 18 .
development 0.021
Delayed motor 39 36 ;
development 0.045
Delayed 30 66
cognitive 0.001"
development
Global delay 15 30 0.011"

aFisher’s exact tests for P-values
*p<0.05

10

Fisher’s exact tests for P-values
p<0.05*

Thirty-three (9.8%) children had growth retardation, 21
(6.2%), 24 (7.1%), 18 (5.3%) respectively presented with
motor delay, cognitive delay, and global delay. The statistical
analysis indicates that children with growth retardation show
a significant level of delay in all developmental outcomes
compared to children with normal physical growth, see table 6.

Table 6: Children with Normal Physical Growth and
Growth Retardation

Normal
Physical Growth
Developmental Outcome Retardation P-value®
Growth (n=33)
(n=156)
Normal development 102 6 *0.005
Delayed motor 39 21 “0.028
development
Delayed cognitive 30 24 "0.002
development
Global delay 15 18 *0.001
“Fisher’s exact tests for P-values
p<0.05*
DISCUSSION

We found that the relationship between physical growth and the
neurodevelopmental outcome in children is important for early
intervention and in predicting the prognostic outcome of children
below six years of age. The factors affecting physical growth
in infancy and early childhood need to be further evaluated to
plan a targeted intervention. Data supporting positive effects
of increased protein intake is suggested by some researchers to
have a positive impact on the physical growth and to a lesser
extent on the increment of the head circumference'>'. Other
studies concluded that micronutrients, such as omega-3 fatty
acids, vitamin B12, and folic acid play an important role in
children’s cognitive development'’. Other studies examined the
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role of breastfeeding in the neurodevelopmental outcome of
children and found that breastfeeding is linked with a number
of positive short and long-term outcomes. Short-term outcomes
include lowered overall mortality and morbidity rates in
children (especially in preterm). Breastfeeding is associated
with better cognitive developmental outcomes and has a long-
term protective effect against the risks of diabetes type 2, high
blood pressure, and obesity'®. Considering all these positive
impacts, both micronutrient supplementation and breastfeeding
should be promoted in the community. On the other end of the
spectrum, there is evidence that malnutrition is associated with
impaired motor and cognitive development in children'.

The result of this study confirmed that abnormal growth is
associated with abnormal neurodevelopmental outcomes. The
relationship between microcephaly and cognitive delay may
suggest that head circumference can be considered essential for
brain volume®*?!. Earlier studies had shown that microcephaly
at birth had a less significant impact on child development than
microcephaly after the neonatal period”. Avoiding growth
impairment during the neonatal care period may allow for
optimal cortical development and can thus decrease the overall
rates of neurological disabilities.

Our results have shown that approximately 25% of children
included in this study were born small for gestational age
(SGA), which indicates the presence of sub-optimal nutritional
supply in the prenatal period. SGA infants are at increased risk
for impaired physical growth during their first years of life and
continue to be at risk during their subsequent childhood and
adolescence years®?. Some studies have shown that SGA
children without catch-up growth are more likely to present
with motor and cognitive developmental delays*?’.

Poor postnatal growth has been associated with a negative
long-term impact on the intelligence quotient of children at 4-7
years of age?®. Studies have shown that early postnatal growth
has been strongly linked with the overall neurodevelopmental
outcome of infants®-3!. Thus, early close follow-up and early
intervention for poor growth in the first years of life may be
beneficial for the early management of developmental delay.

CONCLUSION

Physical growth in the first six years of life has a significant
relationship to developmental outcome. Also, the head
circumference (which is a reflection of the brain growth) has
the most significant effect on the cognitive development. This
information would be beneficial in assisting pediatricians in
providing appropriate long-term developmental follow-up.
Evaluation of catch-up growth or postnatal growth may be
useful in stratifying risk for developmental outcomes.

Author Contribution: All authors share equal -effort
contribution towards (1) substantial contributions to conception
and design, acquisition, analysis and interpretation of data;
(2) drafting the article and revising it critically for important
intellectual content; and (3) final approval of the manuscript
version to be published. Yes.

Potential Conflicts of Interest: None.

Competing Interest: None.
Sponsorship: None.
Acceptance Date: 5 September 2018.

Ethical approval: Approved by the Secondary Health Care
Research Sub Committee (SHCRC), Bahrain,

REFERENCE

1. Nature 2017. Developmental Disorders. http:/www.
nature.com Accessed on 29 June 2018.

2. Bakare MO, Munir KM, Bello-Mojeed MA. Public
Health and Research Funding for Childhood
Neurodevelopmental Disorders 2014; 2(1): 267-271.

3. Bitta M, Kariuki SM, Abubakar A, et al. Burden of
Neurodevelopmental Disorders: A Systematic Review
and Meta-Analysis. Welcome Open Res 2017; 2: 121.

4. Moore ML. Preterm Birth: A Continuing Challenge. The
Journal of Perinatal Education 2002; 11(4): 37-40.

5. Allec MC. Neurodevelopmental Outcomes of Preterm
Infants. Curr Opin Neurol 2008; 21(2):123-128.

6. Uauy R, Koletzko B. Defining the Nutritional Needs of
Preterm Infants. World Review of Nutrition and Dietetics
2014; 110(4):10-16.

7. Nzegwu NI, Ehrenkranz RA. Post-Discharge Nutrition
and the VLBW Infant: To Supplement or Not
Supplement?: A Review of the Current Evidence. Clinics
in Perinatology 2014; 41(2):463-474.

8. Chan SM, Johnson MJ, Leaf AA, et al. Nutrition and
Neurodevelopmental Outcomes in Preterm Infants: A
Systematic Review. Acta Paediatr 2016; 105(8): 587-599.

9. Aliabadi F, Askary R, Taghizadeh S. Effects of Tactile—
Kinesthetic Stimulation on Low Birth Weight Neonates.
Iran J Pediatr 2013; 23(3):289-94.

10. Torabi F, Akbari SA, Amiri S, et al. Correlation between
High-Risk Pregnancy and Developmental Delay in
Children Aged 4-60 Months. Libyan J Med 2016; 7(1):
116-120.

11. Maternal and Child Health Bureau. Accurately
Weighing and Measuring Technique: Measuring Head
Circumference. MCHB 2013. https://mchb.hrsa.gov
Accessed on 11 July 2018.

12. Harris SR. Measuring Head Circumference: Update on
Infant Microcephaly. The College of Family Physicians
of Canada 2015; 61(8): 680-684.

13. World Health Organization. The WHO Child Growth
Standards. WHO; 2018. http://www.who.int Accessed 8
July 2018.

14. Association for Research in Infant & Child Development.
About the Griffiths Scales. ARICD.UK 2006. https://
www.aricd.ac.uk/ Accessed 13 July 2018.

15. Maas C, Mathes M, Bleeker C, et al. Effect of Increased
Enteral Protein Intake on Growth in Human Milk-Fed
Preterm Infants: A Randomized Clinical Trial. JAMA
Pediatr 2017; 171(1):16-22.

16. Tonkin EL, Collins CT, Miller J. Protein Intake and
Growth in Preterm Infants: A Systematic Review. Glob
Pediatr Health 2014; 1(10):17-26.

17. Nyaradi A, Li J, Hickling S, et al. The Role of Nutrition
in Children’s Neurocognitive Development, from

11



Bahrain Medical Bulletin, Vol. 41, No. 1, March 2019

18.

19.

20.

21.

22.

23.

24.

25.

26.

12

Pregnancy through Childhood. Front Hum Neurosci
2013; 7(1): 97-103.

Gruszfeld D, Socha P. Early Nutrition and Health: Short-
and Long-Term Outcomes. World Rev Nutr Diet 2013;
108(3): 32-39.

Sadat SA, Dhaded D, Goudar S. The Impact of Nutrition
on Child Development. Int J Prev Med 2014; 5(4): 494—
499.

Cheong JL, Hunt RW, Anderson PJ, et al. Head Growth
in Preterm Infants: Correlation with Magnetic Resonance
Imaging and Neurodevelopmental Outcome. Pediatrics
2008; 121(6):1534-1540.

Woodward LJ, Anderson PJ, Austin NC, et al. Neonatal
MRI to Predict Neurodevelopmental Outcomes in
Preterm Infants. The New England Journal of Medicine
2006; 355(6):685-694.

Lee K, Hayes B. Head Size and Growth in the Very
Preterm Infant: A Literature Review. Research and
Reports in Neonatology 2014; 5(1):1-7.

Ehrenkranz RA, Younes N, Lemons JA, et al. Longitudinal
Growth of Hospitalized Very Low Birth Weight Infants.
Peadiatrics 1999; 104(2):280-290.

Niklasson A, Engstrom E, Hard AL, et al. Growth in Very
Preterm Children: A Longitudinal Study. Pediatr 2003
7(1):899-905.

Saigal S, Stoskopf B, Streiner D, et al. Growth
Trajectories of Extremely Low Birth Weight Infants from
Birth to Young Adulthood: A Longitudinal, Population-
Based Study. Pediatr Res 2006; 60(6):751-758.
McCarton CM, Wallace IF, Divon M, et al. Cognitive

27.

28.

29.

30.

31.

and Neurologic Development of the Premature, Small for
Gestational Age Infant through Age 6: Comparison by
Birth Weight and Gestational Age. Pediatrics 1996; 6(1):
1167-1178.

Sung IK, Vohr B, Oh W. Growth and Neurodevelopmental
Outcome of Very Low Birth Weight Infants with
Intrauterine Growth Retardation: Comparison with
Control Subjects Matched by Birth Weight and
Gestational Age. J Pediatr 1993; 123(4): 618-624.
Guellec I, Marret S, Baud O, et al. Intrauterine Growth
Restriction, Head Size at Birth, and Outcome in Very
Preterm Infants. J Pediatr 2015; 167(5):975-981.

Franz AR, Pohlandt F, Bode H, et al. Intrauterine,
Early Neonatal, and Post discharge Growth and
Neurodevelopmental Outcome at 5.4 Years in Extremely
Preterm Infants after Intensive Neonatal Nutritional
Support. Pediatrics 2009; 123(1):101-109.

Belfort MB, Rifas-Shiman SL, Sullivan T, et al.
Infant Growth before and after Term: Effects on
Neurodevelopment in Preterm Infants. Pediatrics 2011;
128(4):899-906.

Ehrenkranz RA, Dusick AM, Vohr BR, et al. Growth
in the Neonatal Intensive Care Unit Influences
Neurodevelopmental and Growth Outcomes of Extremely
Low Birth Weight Infants. Pediatrics 2006; 117(4):1253-
1261.



