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Abstract
Knowing growth and pubertal development in Down Syndrome (DS) is very important to early detect catch down 

growth/weight or pubertal delay that can be suggestive of disorders such as autoimmune diseases, endocrinophaties 
or oncological pathologies.
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Introduction
Knowing growth and pubertal development in Down Syndrome 

(DS) is very important to early detect catch down growth/weight or 
pubertal delay that can suggest disorders such as autoimmune diseases, 
endocrinophaties or oncological pathologies. These pathologies are 
more frequent in children with DS [1] and their presenting symptoms 
can be growth failure and delay of puberty because of poor food intake, 
increased caloric utilization and consequent abnormal neuroendocrine 
regulation of growth and puberty [2,3]. A prompt diagnosis and an 
appropriate therapy can reduce comorbidities and allow adequate 
catch-up growth/weight and pubertal development. Since growth in 
children with DS differs markedly from that of normal children, the use 
of DS specific growth charts is important for diagnosis. 

Materials and Methods
We describe growth and pubertal development in children with DS 

using data in the medical literature.

Results
Compared to the general population, children with Down 

Syndrome (DS) show marked lower growth rates, growth failure being 
present since birth. Ultrasound can be used to detect intrauterine 
growth retardation at 15-16 week gestation. Studies reported the 
difference in birth weight between newborns with DS and their controls 
to range between 180 and 370 gr, with gestational age of 38 weeks versus 
39.1 weeks [1,4]. Mean length at birth in children with trisomy 21 is 
reduced by about 0.5 Standard Deviation Score (SDS) , as compared to 
their controls [5]. Head circumference, too, is reduced by about 1 SDS 
in newborns with DS compared to the control arm, the delay increasing 
up to 2 SDS in 5-6 month old infants [6].

Specific growth charts have been established for children with DS 
in different countries [6-12]. Published growth charts, in particular 
those proposed in the studies by Cronk et al. [12] demonstrated that 
growth delay in both length and weight in children with DS is more 
evident within the first two years of life. The reason why growth speed 
is more deficient in this period is still unknown [12]. Growth delay 
in nurslings with DS may be caused by insufficient nutrition due to 
feeding difficulties; hypotonia in newborns with DS may cause sucking 
problems, thus making breastfeeding difficult, especially when the 
presence of concomitant defects requires hospitalization [13].

Decreased growth rates are more evident during puberty, which has 
early onset in DS subjects and is generally anticipated as compared to 
healthy age-matched individuals, and it is associated with a decreased 
pubertal growth spurt [7,9].

Some studies have been carried out with the aim to verify whether 
impaired growth in DS patients is caused by altered growth hormone 
(GH) secretion. Some studies showed a normal GH secretion in DS 
patients, despite an altered neuroendocrine regulation with low levels 
of insulin-like growth factor-1 (IGF-1). In other studies IGF-1 and fetal 
serum levels of IGF were within normal ranges [14,15]. In another 
study, 72 prepubertal patients (44 out of 72 were males) with DS were 
treated with GH therapy showing growth improvement. At therapy 
beginning, patients showed levels of GH within lower limits (GH mean 
peak values of 8 mcg/l; range: 1,2-21,4). This finding seems to suggest 
that, contrary to other published data, impaired growth in prepubertal 
children with DS might be caused by GH deficiency. Further studies are 
needed to evaluate GH deficiency in DS and GH therapy side effects; in 
particular in the light of the acknowledged higher risk that DS subjects 
show of developing leukaemia, as compared to healthy subjects [14,15].

Sexual maturity in DS individuals is not accompanied by the rapid 
growth speed, which is typically observed in teenaged controls. Skeletal 
maturation is, instead, advanced in relation to height, with a relatively 
premature ossification of the growth cartilages. Such advanced age at 
puberty reverses the trend in bone maturation, which is reported to be 
slightly delayed in prepubertal patients with DS [14]. Short stature in 
DS children is not a harmonic feature: it is, instead, characterized by 
short lower limbs, with larger trunk and longer upper limbs. Deficient 
growth is particularly evident in children with DS and severe heart 
disease [9]. A recent Dutch study demonstrated that mean final height 
in DS subjects is 163.4 cm in boys and 151.8 cm in girls [15]. Final 
height is reached at a relatively early age both in boys (16 years) and in 
girls (15 years). 

Regarding body weight growth, in the first life decade weight to 
height ratio in children with DS has been reported to be similar to that 
of healthy age-matched controls. Starting from the second decade, 
overweight is observed in about 50% of children with DS, in both sexes, 
which should be carefully monitored. In fact, overweight prevalence, 
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assessed by using body mass index (BMI) > 27,8 kg/m2 for males and > 
27,3 kg/m2 for females, was found more commonly among DS children 
than among the healthy population: 45% versus 33% among males and 
56% versus 36% among females, respectively, according to one of the 
earliest studies addressing this topic in DS subjects. Average weight of 
adult patients with DS was calculated to be 71 kg for males (BMI 28,8 
kg/m2) and 64 kg for females (BMI 30,8 kg/m2).

Higher frequency of overweight is mainly determined by genetic 
factors, in particular DS subjects have decreased resting metabolic 
rates, as well as by constant hunger and excessive food intake . Women 
with DS had lower total leptin, an important regulator of food intake 
produced by fat cells. This finding may indicate a possible role of the 
free-bound leptin balance in the pathogenesis of obesity in DS [16,17].

In DS subjects puberty occurs at an unusually early age, as 
compared to healthy individuals [9]. Both primary and secondary 
sex characteristics in DS subjects showed the same developmental 
pattern noted in youngsters without DS [18]. The same goes for female 
adolescents with DS, who have a normal and regular menstrual cycle 
without significant difference in the average age of menarche among 
female adolescents with DS (13,8 years), as compared to healthy 
adolescents (13,6 years) [18]. Women with DS experience menopause 
at an earlier age (47,1 years), as compared to women with other mental 
disabilities without DS (49,3 years), and women without mental 
retardation (51 years) [18,19]. Men have low serum follicle-stimulating 
hormone concentrations, small testes and negative correlation between 
luteinizing hormone and testicular volume indicating primary gonadal 
insufficiency [14,20,21] (Figure 1).

Figure 1: Comparison between WHO child growth standards 2007 (5-19 years) and Cronk 1988 growth charts relating to subjects with DS (1 month-18 years) [21,12].

http://www.ncbi.nlm.nih.gov/pubmed/18154890
http://www.ncbi.nlm.nih.gov/pubmed/18154890
http://www.ncbi.nlm.nih.gov/pubmed/18154890
http://www.ncbi.nlm.nih.gov/pubmed/23652393
http://www.ncbi.nlm.nih.gov/pubmed/23652393
http://www.ncbi.nlm.nih.gov/pubmed/21176234
http://www.ncbi.nlm.nih.gov/pubmed/21176234
http://www.ncbi.nlm.nih.gov/pubmed/21176234
http://www.ncbi.nlm.nih.gov/pubmed/24357551
http://www.ncbi.nlm.nih.gov/pubmed/24357551
http://www.ncbi.nlm.nih.gov/pubmed/24357551
http://www.ncbi.nlm.nih.gov/pubmed/24482353
http://www.ncbi.nlm.nih.gov/pubmed/24482353
http://www.ncbi.nlm.nih.gov/pubmed/1308367
http://www.ncbi.nlm.nih.gov/pubmed/1308367
http://www.ncbi.nlm.nih.gov/pubmed/1308367
http://www.ncbi.nlm.nih.gov/pubmed/25196167
http://www.ncbi.nlm.nih.gov/pubmed/25196167
http://www.ncbi.nlm.nih.gov/pubmed/25196167
http://www.ncbi.nlm.nih.gov/pubmed/8906529
http://www.ncbi.nlm.nih.gov/pubmed/8906529
http://www.ncbi.nlm.nih.gov/pubmed/8906529
http://www.ncbi.nlm.nih.gov/pubmed/12138052
http://www.ncbi.nlm.nih.gov/pubmed/12138052
http://www.ncbi.nlm.nih.gov/pubmed/9638037
http://www.ncbi.nlm.nih.gov/pubmed/9638037


Citation: Cannalire G, Bellini M, Biasucci G (2015) The Importance of Knowing Growth and Pubertal Development in Down Syndrome. J Clin Case 
Rep 5: 640. doi:10.4172/2165-7920.1000640

Page 3 of 3

Volume 5 • Issue 11 • 1000640J Clin Case Rep
ISSN: 2165-7920 JCCR, an open access journal

11. Toledo C, Alembik Y, Aguirre Jaime A, Stoll C (1999) Growth curves of children 
with Down syndrome. Ann Genet 42: 81-90.

12. Cronk C, Crocker AC, Pueschel SM, Shea AM, Zackai E, et al. (1988) Growth
charts for children with Down syndrome: 1 month to 18 years of age. Pediatrics 
81: 102-110.

13. Arnell H, Gustafsson J, Ivarsson SA, Annerén G (1996) Growth and pubertal
development in Down syndrome. Acta Paediatr 85: 1102-1106.

14. Beccaria L, Marziani E, Manzoni P, Arvat E, Valetto MR, et al. (1998) Further
evidence of cholinergic impairment of the neuroendocrine control of the GH
secretion in Down’s syndrome. Dement Geriatr Cogn Disord 9: 78-81.

15. Van Gameren-Oosterom HB, Van Dommelen P, Oudesluys-Murphy AM,
Buitendijk SE, Van Buuren S, et al. (2012) Healthy growth in children with Down 
syndrome. PLoS One 7: e31079.

16. Proto C, Romualdi D, Cento RM, Romano C, Campagna G, et al. (2007) Free
and total leptin serum levels and soluble leptin receptors levels in two models

of genetic obesity: the Prader-Willi and the Down syndromes. Metabolism 56: 
1076-1080.

17. Allison DB, Gomez JE, Heshka S, Babbitt RL, Geliebter A, et al. (1995)
Decreased resting metabolic rate among persons with Down Syndrome. Int J
Obes Relat Metab Disord 19: 858-861.

18. Goldstein H (1988) Menarche, menstruation, sexual relations and contraception 
of adolescent females with Down syndrome. Eur J Obstet Gynecol Reprod Biol 
27: 343-349.

19. Hsiang YH, Berkovitz GD, Bland GL, Migeon CJ, Warren AC (1987) Gonadal
function in patients with Down syndrome. Am J Med Genet 27: 449-458.

20. Annerén G, Gustavson KH, Sara VR, Tuvemo T (1990) Growth retardation in
Down syndrome in relation to insulin-like growth factors and growth hormone.
Am J Med Genet Suppl 7: 59-62.

21. De Onis M, Garza C, Onyango AW, Rolland-Cachera MF; le Comité de nutrition 
de la Société française de pédiatrie (2009) [WHO growth standards for infants
and young children]. Arch Pediatr 16: 47-53.

http://www.ncbi.nlm.nih.gov/pubmed/10434121
http://www.ncbi.nlm.nih.gov/pubmed/10434121
http://www.ncbi.nlm.nih.gov/pubmed/2962062
http://www.ncbi.nlm.nih.gov/pubmed/2962062
http://www.ncbi.nlm.nih.gov/pubmed/2962062
http://www.ncbi.nlm.nih.gov/pubmed/8888926
http://www.ncbi.nlm.nih.gov/pubmed/8888926
http://www.ncbi.nlm.nih.gov/pubmed/9524798
http://www.ncbi.nlm.nih.gov/pubmed/9524798
http://www.ncbi.nlm.nih.gov/pubmed/9524798
http://www.ncbi.nlm.nih.gov/pubmed/22363551
http://www.ncbi.nlm.nih.gov/pubmed/22363551
http://www.ncbi.nlm.nih.gov/pubmed/22363551
http://www.ncbi.nlm.nih.gov/pubmed/17618952
http://www.ncbi.nlm.nih.gov/pubmed/17618952
http://www.ncbi.nlm.nih.gov/pubmed/17618952
http://www.ncbi.nlm.nih.gov/pubmed/17618952
http://www.ncbi.nlm.nih.gov/pubmed/8963352
http://www.ncbi.nlm.nih.gov/pubmed/8963352
http://www.ncbi.nlm.nih.gov/pubmed/8963352
http://www.ncbi.nlm.nih.gov/pubmed/2968286
http://www.ncbi.nlm.nih.gov/pubmed/2968286
http://www.ncbi.nlm.nih.gov/pubmed/2968286
http://www.ncbi.nlm.nih.gov/pubmed/2955699
http://www.ncbi.nlm.nih.gov/pubmed/2955699
http://www.ncbi.nlm.nih.gov/pubmed/1963538
http://www.ncbi.nlm.nih.gov/pubmed/1963538
http://www.ncbi.nlm.nih.gov/pubmed/1963538
http://www.ncbi.nlm.nih.gov/pubmed/19036567
http://www.ncbi.nlm.nih.gov/pubmed/19036567
http://www.ncbi.nlm.nih.gov/pubmed/19036567

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Results
	Figure 1
	References

