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ABSTRACT

Background: Down’s syndrome is the most common genetic condition in the world today and India has one of the
highest incidences of Down’s syndrome. It is associated with mental retardation and congenital malformations,
especially of the heart. Growth retardation is commonly seen in children with Down’s syndrome. Early identification
of a growth problem is important because timely interventions may positively affect the child’s general health and
functional abilities as well as supporting growth. Till date no growth charts are available for the children with Down’s
Syndrome India. The potential benefits of growth charts include: growth monitoring to detect any deviation in growth
patterns, evaluating the efficacy measures aimed at promoting growth, providing reassurance to parents, evaluating
the results of clinical research or intervention for individual patients and finally comparing with that of the normal
population. Thus, the aim of this study was to create growth charts for Indian children with DS aged 0-36 months to
investigate and characterize their size, monitor their growth.

Methods: 60 male children between ages 1-36 months with DS were selected from four different pediatric clinics in
India. The data used for creation of the growth charts were age at examination (years and months), height (cm),
weight (kg), and head circumference (cm). The growth charts cover the time period from birth until 3 years of age.
Each child contributed only one single set of data for each age group. The data represent and unselected, therefore
presumably unbiased sample of children with DS in India.

Results: On comparing the height, weight and head circumference of the normal vs Down’s Syndrome children it is
noted that there is significant difference is noted between the Down’s Syndrome and Normal children.

Conclusions: As per the outcome of the study it is recommended that there is a vast need of growth chart specific for
Down’s Syndrome children which will help the doctor to analyze the height, weight and head circumference of the
Down’s Syndrome children.
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INTRODUCTION

Down’s syndrome (DS) is the most common
chromosomal disorder, with an incidence of Down
syndrome being 1:800, which means approximately
32,000 babies with Down syndrome are born every year

(the birth rate of India is 25.6 million births).? It is
associated with mental retardation and congenital
malformations, especially of the heart. DS is also
characterized by dysfunction/disease in several other
organs.? Short stature is a cardinal feature of DS. The
growth retardation of children with DS commences
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prenatally.® After birth growth velocity is most reduced
between 6 months and 3 years of age. Puberty generally
occurs somewhat early and is associated with an impaired
growth spurt.*

Statural growth is a well-known indicator of health
during childhood.® A review showed that stature of
children with DS was 0.4-4.0 standard deviation below
that of children without DS. This growth restriction has
led to the development of specific growth charts for
children with DS around the world.®

As growth and final height differ markedly between
children with DS and healthy children, standard growth
charts should not be used for children with DS. If the
growth of a child with DS is plotted on a standard growth
chart it may show extreme short stature. Additionally,
presence of any additional condition such as
hypothyroidism or coeliac disease may be overlooked.’
Although growth is influenced by biological and
influential factors, racial variations certainly have a major
role.? Growth assessment is the single most useful tool
for defining health and nutritional status at both the
individual and population level. This is because
disturbances in health and nutrition, regardless of their
etiology, almost always affect growth.®

Early identification of a growth problem is important
because timely interventions may positively affect the
child’s general health and functional abilities as well as
supporting growth.

Growth monitoring strives to improve nutrition, reduce
the risk of inadequate nutrition, educate caregivers, and
produce early detection and referral for conditions
manifested by growth disorders. At the population health
level, cross-sectional surveys of anthropometric data help
define health and the nutritional status for purposes of
program planning, implementation and evaluation.
Growth monitoring is also used in all settings to assess
the response to intervention.?

Several syndrome specific growth charts have been
developed.t! Previously published growth charts for DS
are based on American, Arab, Sicilian and Dutch
populations.*?

The American DS growth charts are frequently used all
over the world. Several studies on children's growth
charts have been published from many parts of India in
the last decade, and growth charts for Indian children
were also produced. In January 2015, Indian Academy of
Pediatrics (IAP) published revised growth charts for 5-
18-year old for normal children.’3* Till date no growth
charts are available for the DS children India.

The potential benefits of growth charts include: growth
monitoring to detect any deviation in growth patterns,
evaluating the efficacy measures aimed at promoting
growth, providing reassurance to parents, evaluating the

results of clinical research or intervention for individual
patients and finally comparing with that of the normal
population. Thus, the aim of this study was to create
growth charts for Indian children with DS aged 0 — 36
months to investigate and characterize their size, monitor
their growth.

METHODS

The study is based on data from 60 children between ages
1-3 yrs with DS boys. Data were collected from records
on all individuals with DS children. Thus, all other
children, regardless of complicating disease such as
congenital heart defect and hypothyroidism, were
included.

The data used for creation of the growth charts were age
at examination (years and months), height (cm), weight
(kg), and head circumference (cm). The growth charts
cover the time period from birth until 3 years of age.
Each child contributed only one single set of data for
each age group. The data represent and unselected,
therefore presumably unbiased sample of children with
DS in India.

Growth measurements (weight, length and head
circumference) were taken at 3-month intervals.
Measurements were taken by trained personnel and
second person assisted in alignment and immobilization
of the child during the measurements.

Length was measured to the nearest millimeter using the
recumbent length board infant measuring table. The
weight was assessed by a sensitive balance scale to the
nearest gram. Head circumference was measured by
millimeter by a non-stretchable plastic tape taking
maximum occipitofrontal diameter. The recorded
measurements for weight, length and head circumference
represent a combination of cross-sectional and
longitudinal data.

Data for weight and height were transformed into
logarithms before the statistical analysis in order to obtain
normal distributions. All growth charts are based on
means and standard deviations using the weighted
regression fitness system. For statistical comparison
Repeated measures ANOVA is used. The software used
was SPSS v 16.0 is used for analysis purpose.

RESULTS

The Figure 1 represents the height of both normal and
Down’s syndrome children. The 5th, 25th and 50th
percentile of both normal and Down’s syndrome children
was compared. The statistical findings suggest that there
is a significant difference in the height of the children
between the normal and DS group among the time period.
The significant difference noted in the height of the
children between the normal and DS group among the
time period is (p <0.005).

International Journal of Contemporary Pediatrics | November-December 2018 | Vol 5 | Issue 6  Page 2157



Chandrasekhar P et al. Int J Contemp Pediatr. 2018 Nov;5(6):2156-2160

1
0 N - 50th
N - 25t
90 DS -50th
N - 5th
£80 DS - 25th
; DS - 5th
£10
(5]
T

D
o

a1
o

40

0 6 12 18 24 30 36
Age in Months

Figure 1: Height for age percentile curves for down
syndrome boys and normal boys from birth to 36
months. Age is reported in months. Dotted lines (ds)
are superimposed.

The figure 2 represent the weight of both normal and
Down’s syndrome children. The 5th, 25th and 50th
percentile of both normal and Down’s syndrome children
was compared.
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Figure 2: Weight for age percentile curves for Down
Syndrome boys and normal boys from birth to 36
months. Age is reported in months. Dotted Lines (DS)
are superimposed.

The statistical findings suggest that there is a significant
difference in the weight of the children between the

normal and DS group among the time period. The
significant difference noted in the height of the children
between the normal and DS group among the time period
is (p < 0.05).

e N - 50th
N - 25thh
50 DS - 50t
|
”> N - 5t2
w8 DS - 25t
45 1] DS-5th
£
o
=
240
e
2
g
=
335
5
e
3
I
30
25
0 6 12 18 24 30 36
Age in Months

Figure: 3. Head circumference for age percentile
curves for Down syndrome boys and normal boys
from birth to 36 months. Age is reported in months.
Dotted Lines (DS) are superimposed.

The figure 3 represent the head circumference of both
normal and Down’s syndrome children. The 5th, 25th and
50th percentile of both normal and Down’s syndrome
children was compared. The statistical findings suggest
that there is a significant difference in the head
circumference of the children between the normal and DS
group among the time period. The significant difference
noted in the height of the children between the normal
and DS group among the time period is (p < 0.01).

DISCUSSION

Growth chart are very important tools in the medical care
of children. In this study we developed length / height,
weight and head circumference growth chards for Indian
Children with DS aged 0-3 years. We have compared the
mean height of children with DS with the mean height of
normal population. It was clearly observed that the birth
length of children with DS was-0.6 SD when compared
of the mean of the normal children. When we compared
the difference at the age of 3 it was—2.0 SD. The 50th
percentile height of the normal children was found to be
92 cm and 83 cm for DS children to whom statural
growth is evident and statistically significant. The growth
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restriction seen at this stage can be due to the unknown
genetic reasonsl5. Fetuses with trisomy 21 have an
almost normal symmetrical growth, but after birth,
growth velocity becomes markedly reduced in young DS
children, between age 6 months and 3 years16. As growth
becomes growth hormone (GH) regulated from about age
6 months one could speculate that GH deficiency occurs
in DS childrenl7.This is also supported by bone
measurements at 11- 14 weeks of gestation showing short
femur lengths in fetuses with trisomy 2118.

In this study the mean birth weight of the DS boys is - 0.9
SD, which is lower than the normal boys. The 50th
percentile weight of the normal children was found to be
11.8 kg and 9.6 kg for DS children which is significant
statistically. Length restriction and feeding difficulties
may explain these lighter weights of infants with DS in
this developmental stage. In one of the cohort study, the
fetuses with DS who had isolated short femur were more
likely to have low birth weight19. It is possible that the
mean weight of infants with DS might be affected by
early feeding difficulties associated to hypotonia,
chronically open mouth and oral motor dysfunction20.

Considering the mental health associated with DS the
growth of the head is of real interest. Head circumference
(occipito-frontal circumference) measurement during
infancy and childhood is one of several useful indices of
a child’s medical, physical, and developmental status.
The 50th percentile head circumference of the normal
children was found to be 48.5 cm and 45.5 cm for DS
children. The growth of the DS children head
circumference was found to be lower than the normal
child who is also significant when compared statistically.

The charts were developed from a very small sample size
of patients and did not reflect racial, ethnic, or
geographical diversity. Future studies must be conducted
at a big population which reflects big sample of children
with reference to racial and reference to ethnicity as India
has a divergent population. This will help us to provide a
standard chart for India specific Down’s syndrome
children.

CONCLUSION

As per the outcome of the study it is recommended that
there is a vast need of growth chart specific for Down’s
Syndrome children which will help the doctor to analyze
the height, weight and head circumference of the Down’s
Syndrome children.

ACKNOWLEDGEMENTS

This research was partially supported and guided by
Down’s syndrome Federation of India, Chennai. Authors
thank their colleagues from Down’s syndrome Federation
of India who provided insight that greatly assisted the
research.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Asim A, Kumar A, Muthuswamy S, Jain S, Agarwal
S. Down syndrome: an insight of the disease. J
Biomed Sci. 2015;22(1):41.

2. Myrelid A, Gustafsson J, Ollars B, Annerén G.
Growth charts for Down's syndrome from birth to
18 years of age. Arch Dis Child. 2002;87(2):97-103.

3. Anneren G, Tuvemo T, Carlsson-Skwirut C,
Lonnerholm T, Bang P, Sara V. Growth hormone
treatment in young children with Down's syndrome:
effects on growth and psychomotor development.
Arch Dis Child. 1999;80(4):334-8.

4. Youn HJ, Baron J, Phillip M, Bhutta ZA.
Malnutrition and catch-up growth during childhood
and puberty. World Rev Nutr Diet. 2014;109:89-
100.

5. Haymond M, Kappelgaard AM, Czernichow P,
Biller BM, Takano K, Kiess W. Participants in the
global advisory panel meeting on the effects of
growth hormone. Early recognition of growth
abnormalities permitting early intervention. Acta
Paediatrica. 2013;102(8):787-96.

6. Bertapelli F, Martin JE, Goncalves EM, de Oliveira
Barbeta VJ, Guerra-Junior G. Growth curves in
Down syndrome: implications for clinical practice.
Am J Med Genet Part A. 2014;164A:844-7.

7. Momcilo P, Karolina B, Marko B. Screening of
celiac disease in Down syndrome: old and new
dilemmas. World J Clin Cases. 2017;5(7):264-9.

8. Anita T, Evangelia S. Genetic influences on the
development of childhood psychiatric disorders.
Psychiatry. 2008;7(7):277-81.

9. College of Family Physicians of Canada. The use of
growth charts for assessing and monitoring growth
in Canadian infants and children. Canadian J
Dietetic Practice Res. 2004;65(1):22.

10. Nazarius MT, Florence BT, Richard K, Victoria N,
Ronald AN, Cissie N. Nutritional status, feeding
practices and state of other related indicators at
onset of a multi-model community nutrition
intervention program in Mpigi District, Uganda. Afr
Health Sci. 2016;16(4):892-903.

11. Rosenbloom ST, Butler MG. Development and
implementation of electronic growth charts for
infants with Prader-Willi syndrome. Am J Med
Genetics Part A. 2012;158(11):2743-9.

12. Elhadi HA, Nicolas N, Asma D, Shahrban A,
Yousef MA. National growth charts for united arab
emirates children with down syndrome from birth to
15 years of age. J Epidemiol. 2015; 25(1):20-9.

13. Vaman K, Anuradha K. Growth charts: a diagnostic
tool. Indian J Endocrinol Metab. 2011;15(3):S166-
71.

International Journal of Contemporary Pediatrics | November-December 2018 | Vol 5 | Issue 6  Page 2159



14.

15.

16.

17.

18.

Chandrasekhar P et al. Int J Contemp Pediatr. 2018 Nov;5(6):2156-2160

Vaman VK, Anuradha VK. Revised Indian
Academy of Pediatrics growth charts for height,
weight and body mass index for 5-18-year old
Indian children. Indian J Endocrinol Metab. 2015;
19(4):470-6.

Karam SM, Riegel M, Segal SL, Félix TM, Barros
AJ, Santos IS. Genetic causes of intellectual
disability in a birth cohort: a population-based
study. Am J Med Genetics Part A.
2015;167(6):1204-14.

Bamfo JE, Odibo AO. Diagnosis and management
of fetal growth restriction. Journal of Pregnancy.
2011;2011.

Ragusa L, Romano C, Failla P, Proto C, Colabucci
F. Growth hormone subnormality in down
syndrome. Am J Med Genetics. 1992;43(5):894-5.
Bertapelli F, Agiovlasitis S, Machado MR, do Val
Roso R, Guerra-Junior G. Growth charts for

19.

20.

Brazilian children with Down syndrome: birth to 20
years of age. J Epidemiol. 2017;27(6):265-73.
Familiari A, Scala C, Morlando M, Bhide A, Khalil
A, Thilaganathan B. Mid-pregnancy fetal growth,
uteroplacental Doppler indices and maternal
demographic characteristics: role in prediction of
stillbirth.  Acta Obstetricia Et Gynecologica
Scandinavica. 2016;95(11):1313-8.

Cooper-Brown L, Copeland S, Dailey S. Feeding
and swallowing dysfunction in genetic syndromes.
Dev Disabil Res Rev. 2008;14:147-57.

Cite this article as: Chandrasekhar P, Ramachandran
S. Growth charts for indian boys (0-36 months) with
down’s syndrome: a pilot study. Int J Contemp
Pediatr 2018;5:2156-60.

International Journal of Contemporary Pediatrics | November-December 2018 | Vol 5 | Issue 6  Page 2160



