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Last couple of decades has witnessed tremendous advances in Pediatric 
Endocrinology. Marvellous developments have taken place in the field of 
pathophysiology, genetics, diagnostics and treatment. No where else is the 
change more evident then in Type 1 DM where from a desperate situation of 
multiple painful injections and horrendous glycemic fluctuations we are 
heading towards a bionic pancreas in the near future. The pace with which 
these developments are unfolding is unnerving. Though this book we peek 
into some of these fascinating developments in the field of growth hormone, 
turner syndrome, PCOS, disorder of sexual development, calcium and 
vitamin D, bone health, diabetes in children and pubertal disorders. Special 
care has been taken to focus on newer tools relevant in managing children 
with endocrine disorders like DEXA, bioimpedance, Bone Xpert, CGMS, 
insulin pumps and bionic pancreas. We hope that the book would stimulate 
further exploration in this exciting field of Pediatric Endocrinology.  

The rapid progress in Pediatric Endocrinology is only matched by the 
fascinating growth of Pediatric Endocrinologists in our country. From just a 
handful Pediatric Endocrinologists a decade ago we have witnessed an 
exponential rise in the number of trained paediatric endocrinologists in the 
country. The young pediatric endocrinologists with there hard work and 
dedication form the core of this effort and deserve a huge round of 
applause. The time has come for Pediatric Endocrinology to rise from the 
sidelines of Pediatrics and Endocrinology in the country and spread it’s 
message to far and wide in the country.  

Happy reading,  

Anurag Bajpai, MD, FRACP, SCE,  
Pediatric & Adolescent Endocrinologist,  
Regency Center for Diabetes, Endocrinology & Research,  
Fortis Memorial Research Institute, Gurgaon  
Secretary, Indian Society of Pediatric & Adolescent Endocrinology,  
Founding secretary, GROW Society (Growth & Obesity Taskforce)
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1.1 Growth Hormone 
Hemchand K P, Reena R 

The literature pertaining to growth hormone published in 2015-2017 was 
reviewed and newer aspects are presented in the write-up.  
Growth charts  

The growth chart committee constituted by Indian academy of 
Paediatrics came out with the current recommendation on optimal use of 
growth charts in Indian children. They recommend – usage of IAP 
modified WHO charts in children < 5 years and combined WHO-IAP 
charts in children > 5 years. The key points in the new charts include: 
1. Availability of the 3rd percentile to diagnose short stature in modified 

WHO and new IAP combined charts 
2. To replace the old 85th and 95th percentile to define overweight and 

obesity with the new definitions of – 23rd and 27th adult equivalent of 
adult BMI 

3. The target height range should be considered as ± 6cm above and 
below the target height at 18 years 

Unusual presentations of GHD  
• Gilliland T et al (1) describe a pediatric case of NASH (No alcoholic 

steatohepat i t is ) secondary to panhypopi tu i tar ism f rom 
craniopharyngioma - Pubertal dosed GH therapy led to rapid and complete 
resolution of hepatic steatosis. High-dose GH replacement should be 
considered in pediatric patients with GH deficiency and recurrent NASH.  

• Four children with cerebral palsy (2) who were born before 29 weeks 
gestation who were referred to an endocrinology unit, three for delayed 
puberty and one for short stature, in whom investigations identified MPHD. 
MRI scans showed an ectopic posterior pituitary gland. Endocrine 
evaluation of children with CP when warranted must be performed.  

• A child with eye maldevelopment secondary to OTX-2 mutation and 
ectopic posterior pituitary and GHD is described by Lonero A et al (3).  

• Jivani N et al (4) report a case of Shwachman-Diamond syndrome (bone 
marrow failure syndrome with pancreatic dysfunction) presenting with 
hypoglycemia and micropenis in the newborn period and was diagnosed 
with congenital hypopituitarism.  

• Quintos JB et al(5) describe 8 cases with Kearns sayre syndrome with 
growth hormone deficiency treated with Growth hormone. The authors 

Section I- Year in review
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observed that mean improvement in height was from -3.9 to -2.9 SDS in 
patients with KSS and two patients did not show growth improvement. 
Children with KSS may respond to GH depending upon the severity of 
GHD and severity of underlying mitochondrial dysfunction.  

• Hodax JK et al (6) report a child who underwent 14 hour fasting evaluation 
for hypoglycemia and found to have low growth hormone levels, confirmed 
on provocative testing and had hypoplastic pituitary on MRI.  A genetic 
sequencing (done due to clinical features)showed hemizygous variant c.
721A>G (p1241V) in the X-linked Phosphorylase kinase gene, a causative 
gene for GSD IX. The authors report - two unrelated conditions – GSD 
IX and GHD resulting in deranged metabolic adaptation to fasting leading 
to severe hypoglycemia. 

• Ludwig et al(7) report the fifth case of Central Precocious Puberty in a 
g e n e t i c a l l y - c o n f i r m e d P r a d e r W i l l i S y n d r o m e m a l e . 
Combined therapy with GnRHa and rhGH may be beneficial in this rare 
condition of precocious pubertal development in PWS. 

• Stagi S et al (8) suggest evaluating the growth hormone axis in children 
with 6q24.2-q25.2 deletions and growth failure. 

Diagnosis of GHD 
• Clonidine Stimulation tests on 250 consecutive (9) subjects in a single 

center were evaluated with respect to the peak time of the CST. Peak GH 
occurred typically at 30, 60, and 90 minutes (91.6% of tests, versus 60% 
expected) (P<.001). Removal of the 120-minute sample affected the final 
result in 0.4% of evaluations. Can clonidine stimulation test be 
terminated at 90 minutes from stimulation? 

• In a retrospective study in 372 (10) subjects who underwent evaluation of 
GH secretion – an Receiver Operating Curve analysis was used to 
evaluate the optimal GH cut-offs and the diagnostic accuracy of 
provocative tests (74 patients with organic GHD and 298 controls).  The 
optimal GH cut-off for arginine resulted 6.5µg/L, 5.1µg/L for ITT and 6.8µg/
L for clonidine proving that the cut-off limits which discriminate between 
normal and GHD are lower than those commonly employed.  

• An analysis of 75 EPP patients (11) with short stature and 
reduced growth velocity was done. Normal GH response was observed in 
15 of 75 (20%) patients - There was a trend to more frequent 
multiple hormone deficiency and lower height in nonresponsive when 
compared with responsive patients. Thus, Normal GH values 
after stimulation tests do not exclude EPP-associated GH deficiency.  

• A study on 69 children (12) with IGHD, 29 ISS children and 66 controls 
observed that mean pituitary volumes were 230.8 (±89.6); 286.8 (±108.2); 
343.7 (±145.9) (p<0.001), respectively. The authors noted a normal 
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increase in PV with age in the ISS patients and controls, but a minimal 
increase in the IGHD patients. This speculates a possibility of pituitary 
volumes on MRI scan having a diagnostic role in the evaluation of GHD.  

• Body composition was studied in children with moderate and severe GHD 
and normal children (13). Children with severe GHD is associated with 
significant impairment of body composition suggesting its utility as a 
diagnostic tool.  

Mode of Administration and Dosing 
• LB03002 (depot long acting preparation of LG sciences)(14) - GH is 

incorporated into sodium hyaluronate and dispersed in an oil base of 
medium chain triglycerides. Dose is 0.5 mg/kg/week - given as once a 
week. The pros and cons of the same versus daily injections of GH are as 
follows: 

• Lipid estimation was performed in 51 children on GH (SGA or GHD) after 
52 weeks of GH. Post treatment reductions in LDL and CRP was 
observed. Children with GHD or born SGA may benefit from GH 
by growth acceleration and reduction of cardiovascular long-term 
risks (15). 

• A multicentre, randomized, clinical trial 104 children (90 boys) to receive 
GH at 33 or 66 ug/kg/day during puberty was performed. Children who 
received a higher GH dose had higher IGF-1 levels and had better 
increment in height SD scores. The attempt to mimic normal physiology by 
giving a higher GH dose during puberty was associated with both an 
increase in IGF-I and a dose-dependent gain in height(SDS) (16). 

Compliance to GH Therapy  
Why do families discontinue GH therapy? - Observational study of the 
Australian GH Program (17) comparing Completed Treatment (CT), Early 
Cessation (EC) and Non-Response (NR) groups over 23 years pertaining to 
various aspects studied. 51.9% of patients were EC, 40.7% CT and 7.4% 
NR. Early Cessation was observed at very high rates and appears, 
generally, to be a little-recognised but frequent problem in GH therapy. Poor 

Similar to daily injections Different from daily injections

Similar increment in height in first 

and second year; similar bone 
maturation and IGF and IGFBP3 
profiles and normal sugar 

metabolism. 

More local injection site minor 

reactions and higher antibody 
positivity (37.4%)at least once 
(versus 4.6% in daily group). 
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treatment compliance is likely a major causal factor in EC. Suggested 
solutions include: long acting GH formulations or individualized treatment 
plan.  
Adverse Effects of Growth Hormone 
• All cancer survivors referred to the transition unit in Turin (18) for 12 years 

diagnosed as GHD in childhood (as a result of cancer therapy) included 
and followed up. The cumulative incidence of Second neoplasms was 
similar in GH-treated and -untreated patients (8 SNs out of 26 GH-treated 
and 6 out of 23 GH-untreated patients; p = 0.331). Thus, 
GH replacement therapy did not seem to increase the risk of Second 
neoplasms.  

• A study done comparing 28 and 36 children receiving supraphysiological 
dose and physiological dose of GH did not reveal any adverse impact 
on CIMT (carotid intima media thickness (a surrogate marker of 
cardiometabolic risk)) (19).  

• Comparison of lipid profile and CIMT (Carotid Intima Media Thickness) in 
40 GHD children and controls was done. Cases underwent CIMT 
assessment prior to and after 1 year of GH therapy. GHD is associated 
with increased atherosclerotic risk in children. An improved lipid profile 
and CIMT were detected after 1 year of GH replacement therapy (20). 

• 99 children with GHD were followed up for 6 years annually – underwent 
OGTT to calculate HOMA-IR, insulinogenic index and oral disposition 
index. Although HOMA-S remained unchanged, an increase in IGI and 
ODI was observed, becoming significant after 6 years of treatment. There 
seems to be a positive influence of GH treatment on the β-cell 
secretory capacity in children with GH deficiency (21).  

• 104 children with Turner syndrome were followed up for 7 years annually 
– underwent OGTT to calculate HOMA-IR, insulinogenic index and oral 
disposition index. No significant changes were observed in term of HOMA-
S, IGI or ODI. There is no negative influence of GH treatment on 
insulin sensitivity and on beta cell secretory capacity in girls with TS (22). 

• Long-term safety data on 13834 GH treated patients with short stature 
analysed (1998-2013). 61.0% of patients were classified as low-risk, 
33.9% intermediate-risk, and 5.1% high-risk. Three hundred and two AEs 
were reported in 261 (1.9%) patients during a treatment duration of 3.9 
(2.8) years. The authors confirm a favorable overall safety profile in 
accordance with other pediatric observational studies. No association 
between GH dose and incidence of AEs during GH therapy was noted 
(23).  

• A mortality model of the Swedish general population born between 1973 
and 2010, using continuous-hazard functions adjusting for birth 
characteristics, sex, age intervals, and calendar year to estimate 
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standardized mortality ratio (SMR) was developed and applied to assess 
expected deaths in Swedish rhGH-treated patients with idiopathic isolated 
GH deficiency (IGHD), idiopathic short stature (ISS) or born small for 
gestational age (SGA). Compared with the general Swedish population, 
the ratio of observed/expected deaths (21/21.99) was not increased in 
childhood rhGH-treated IGHD, ISS, and SGA patients when applying an 
advanced sex-specific mortality model adjusting for birth characteristics 
(24). 

GH In Non GHD Indications  
Linear growth (height, sitting height, and leg length) was prospectively 
investigated in a cohort of 322 pediatric Kidney transplant recipients, with a 
mean follow-up of 4.9 years. In children born SGA, growth outcome after 
Kidney transplant is significantly more impaired and affected by different 
clinical parameters compared with non-SGA patients (25). 
SGA 

● The efficacy of GH treatment (1 mg/sqmday) in short SGA children 
on Adult height was studied. Longitudinal GH trial in 170 children 
observed that - children with greater spontaneous catch-up growth after 
birth show a lower total height gain SDS during GH. Height SDS 
declines from mid-puberty, due to a marked early deceleration of growth 
velocity (26). 
● Vandersteen M et al studied the body composition, blood pressure, 
and lipid profile during GH treatment, either with or without 2 years of 
additional GnRHa. 107 children short SGA received GH; 64 received 
additional GnRHa. Authors conclude: Combined GH/GnRHa treatment 
has no long-term negative effects on metabolic health compared to only 
GH (27).  

Russel Silver Syndrome  
Twenty nine children with RSS and 171 non RSS born SGA were compared 
on their metabolic parameters during GH and 2 years post GH therapy 
(Lean body mass, Fat mass% and insulin sensitivity). GH-treated SRS 
patients have a similar metabolic health and safety profile as non-SRS 
subjects born SGA, both during and until 2 years after GH-stoppage (28).  

Miscellaneous  
Concentrations of total IGF-I and total IGF-II and auxology at birth was 
studied in IUGR, SGA and AGA babies. Low IGF-I cord blood concentrations 
in hypotrophic neonates after IUGR might not only result from low 
birthweight per se, but also reflect prenatal placental environment. 
Alterations of the IGF axis could be in the causal pathway of IUGR and thus 
constitute a potential surrogate marker for IUGR in the assessment of foetal 
programming (29). 
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