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Normal growth and puberty

Impact on non-nutritional factors on growth and
puberty

Clinical evidence of abnormalities in paediatric
crohn’s disease

Strategies to improve growth and puberty




By B Nutritional Outcomes

Linear growth / height:
Poor growth / short stature

Puberty:

Delayed puberty, poor progression through puberty,
absent puberty, pubertal regression, poor growth
during puberty

Weight / body mass index / body composition:
Low lean mass, preserved fat mass

Bone development
Poor bone development
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The increase in body size from birth to adult

Linear growth
Lean mass + fat mass

Bone development (length and thickness)
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Normal Pubertal Development

A Universit NHS
of Glasgovg N !

Greater Glasgow
and Clyde

GIRLS

Breast enlargement (B2) by 10-11 years

- Delayed puberty no breast development aged 13 years
- Delayed menarche no periods aged 14 years

BOYS
Testes enlargement (4 ml) by 11-12 years
- Delayed puberty testes < 4 ml aged 14 years

M @ Testicle volume
measured in mL
(\ / (\/ Childhood
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22 Boys Height velocity 23 Girls  Height velocity
20 14 yrs 21

12 yrs
20
19 Late stage of Egberty 19 Early stage of puberty

cm/yr
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Bone age for assessment of skeletal
maturity
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M laz SAGEE S48y (1370m) 0
B DATER:a. (ot Bone defects eg arthritis
AQR 1827y

ME477
B8 505 049 (Cautie)

BoneXpet: 2.4.5.1 ObeSIty

Comparison between methods
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LONGITUDINAL BONE GROWTH

Poor growth in childhood chronic condition will have an impact on bone
accrual which is already affected in chronic ill health +/- GC therapy
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Bone Perimysium

C@#n>—— Blood
PR b\ Vessels
[

ATP, DKK-1, DMP-1, FGF-23,
| MEPE, NO, OPG, BGLAP, PGE,
RANKL, sclerostin,

Muscle
Fiber

(Cell) Q

Biochemical
Communication

Mechanical
Communication
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v\ -
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BDNF, CXCL-1, IL-5, IL-6, IL-7, IL-15,
irisin, LIF, NT-3, PGE2, TGFa, TGFp1,

15 P

& 3

&=

The muscle-bone cross talk is bi-directional

Interaction is at a biomechanical and biochemical level
Brotto et al Bone 2015
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DXA BMD or BMC
T-score (NOT APPROPRIATE FOR CHILDREN)
Z-score (Age and sex matched)

Interpret bone density data for size
(eg height and/or bone age)

o Lore e Dy

, Decisions on introduction of bone protective
- therapy however not dependent on DXA BMD
W (especially a single “abnormal” result)

Newer generation DXA allows assessment of
spine to identify vertebral fractures which are
common in children treated with long term
steroid therapy




By NAS DXA-body composition

Mlales

Females

Percentage body fa (%)

¥ r— 1 —1 1 T T T T T
i 5 7T % 1 13 15 1719 5 7 % 11 13 15 17 19

Ape(v)

% fat mass changes throughout growth

Taylor RW et al Am J Clin Nutr 2002

% fat mass maybe falsely elevated in children with reduction in
muscle mass
(Low muscle mass and normal / marginally elevated fat mass)
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Mechanism of poor growth and bone
development in chronic iliness
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Cytokines Glucocorticoid Undernutrition
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Cytokines Glucocorticoid Undernutrition

Bone/growth
plate
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Cytokines Glucocorticoid Undernutrition
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Cytokines Glucocorticoid Undernutrition
Bone/growth GH/IGE axis Gonadal

plate axis




*15 University NHS
QfGlaSgOW Greater Glasgow
and Clyde

Cytokines Glucocorticoid Undernutrition

Bone/growth GH/IGF axis oMz Muscle mass

plate axis
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Cytokines Glucocorticoid Undernutrition

Bone/growth ¢ | GH/1GF axis oMz Muscle mass

plate axis
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Cytokines Glucocorticoid Undernutrition
Bone/growth €— GH/IGF axis Gonqdal Muscle mass
plate axis
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Cytokines Glucocorticoid Undernutrition
Bone/growth €&— GH/IGF axis € COnEEE! Muscle mass
plate axis

A




ﬂ;é University &H ’_g

QfGlaSgOW Greater Glasgow _
and Clyde

Cytokines Glucocorticoid Undernutrition

Bone/growth ¢ Gpy/iGF axis €—— 0"l 5 Muscle mass
plate aXIS
A
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Cytokines Glucocorticoid Undernutrition

Bone/growth ¢ Gpy/iGF axis €—— 0"l 5 Muscle mass
plate aXIS
A
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Common to see
- Hormone insensitivity (esp

e | D D) LA GH)
e runery — el L WV R - Hormone insufficiency
/T ! — Defect transient and reversible
- \ o
2/ / | 30-40% of children with chronic
Sos e N §/ inflammatory conditions may
— Growth plate— SIS have abnormal GH levels to GH
X 3 ,’/ stimulation test
N n : e ’

Rozario, K. S, Lloyd, C., & Ryan, F. (2015, November 20). The regulation of growth by GH and
IGF1 axis [Digital image]. Retrieved from https:/www.ncbi.nim.nih.gov/books/NBK343487/
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Humber of days

% change in
total length

Direct Effect Of Cytokines On Growth Plate

2 LR Mineralising
zone length
i z —
Thickness
Harvest
Total Length
|
d : )

AT Mineralised and

ALP
Activity  hypertrophic zone lengih _

D4

e

—=THNFa
—=IL-1p

= control
*=TNFa+ IL-1p

Pivotal role of TNF and IL1 on
growth impairment at the level
of the growth plate

IL6 impact on bone

MacRae et al J Endocrinol 2006
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Balinger AB et al Gut 2000
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Clinical evidence of poor
growth in chronic iliness
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Growth hormone :
180' ------------------------------------ i..
Fetal growth 1+’?-+3
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-1 3 7 1 15 19
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Chronic Diseases In Childhood

Effect on growth

- Disease specific aspects
Drugs
Nutrition
Metabolic state
Hypogonadism

- Common aspect
Inflammation

Karlberg et al, Eur J Clin Nutr, 1994



qig University \_N_\H ,§,

Growth In cystic fibrosis

QfGlaSgOW Greater Glasgow
and Clyde
S0S 505
1 WEIGHT (meanz: SEM) GIRLS WEIGHT (mean + SEM) BOYS
- 1]
0 0
19 xm "3 X% o xx 3 4 ® x X ns ns ns ns

_x
n=56 3, 59 46 4T 31 4 30 .

n=t7 25 42 42 36 /AN
LENGTH { + SEM)
N mean LENGTH (mean + SEM)

0
0
44 * XX e xx
KK
o 4 xx o . 4 + === ES p4 K x
x
n=56 31 53 L0 4L 30 &0 30
birth dingnosis 6 12 B 2 30 3% -
a "months affer diagnosis B brth diognosis 6 12 ¥ 2, 3 36
b “Tanthe after diagnass '

Hauesler G et al Eur J Pediatr 1994
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£ 100
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Rogan MP et al Proc Natl Acad Sci U S A. 2010
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-I-MLE. 50™ PERCEMTILE

FATIENT

INCREASE IN HEMGHT locmy'6 manths)

SYMPTOMS 1
DIAGNOSIS '
'} L - - i 1 1 1 '] 1 | i ol i
5 7 g 11 13 15 17
AGE (years)

Kanof ME et al Gastroenterology 1988

Growth failure can precede symptoms of chronic iliness
In Crohn’s disease, average time to symptoms is 12 months
Poor growth during follow-up should alert to poorly managed underlying
disease




CRONERL M  Puberty & pubertal growth in IBD

HV in CDF and UCF corrected for bone age HV in CDM and UCM corrected for bone age
10 A 11 4
9 10 1
8 91
. T- _ &7
g 6- g 71
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E 27 E 5 -
S 44 g A
2 z 4
3 3
2 2
1 14 ] =
D I I I I I * I ] I 1 0 T T T T T T T T 1
9 10 11 12 13 14 15 16 17 18 9 10 11 12 13 14 15 16 17 18
a Age (years) b Age (years)

Girls with IBD: Delayed puberty
Boys with IBD: Poor pubertal growth

Mason et al Horm Res Paediatr 2015
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3

IGF-1 (ug/l)

- 8 88 8 8

0 2 8 16
Time (weeks)

Fig. 2 Serum IGF-I-values doring enteral nutrition (**P = 0-005
compared with 0 weeks).

Beattie RM et al Clin Endocrino 1998
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Height SDS

-15 - Héggﬁ

BMI SDS

T24 T-12 T6 T-0 T-6 T-12 T-24

Duncan et al Acta Paediatr 2018
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Table 2 :
Mutritional status at baseline and after jnitiation of gastrostomy feed-
ings among 18 subjects followed up for a minimum of 18 months after

gastrostony?
Mo. of years 610 18 mo 18 to 30 mo
before gestrosiomy _after gastrostomy _afler gastrostomy
Percentile Range Percentlle Range Percentile Range
Weignt 2 16 12 128° 12 120
Height 5 1,34 & 1,48 10 2.34°
% range % range % range
Waight as %
of ideal 89 B0,92 a0 A&09° O3 85, 08¢

Rosenfeld M et al J Am Diet Assoc 1999

8000
7000 2 )
- L
//" A
— 6000 P
= -~
= -~
o
g 50001
L
[11]
o 4000 4
- —e Caonitrol premenarche
- —.—.—. Contral menarche
30001 -~ . CF premanarcha
weseesness GF manarche
2000 T T T T
10 20 30 40 50 60

FFM(kg)
Barclay A et al Eur J Clin Nutr 2007
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D e Biologic Therapy In CD And Growth

A HtSDS+6

0.8

Catch up growth [* e No growth issues

| | ‘I o*» * 4 * I I | | ﬁ HtEDE'I'D
-0.8 -0.6 P4 -0.2 * 02 0.4 0.6 0.8

. -0.6-
Persistent poor growth Deterioration in growth
-0.8-

Malik et al J Pediatr Gastroenterol Nutr 2011
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the study population
0.1 ‘ +95% Cl
A - P> for the UK
: - population

4
=k

..l.l.l.l.l.llllll'l:
o 1

Frequency

g
o

0.0
-20-18-16-14-12-10-8 -6 4 -2 0 2 4 6 8 10

Height difference, cm
Between MPH and Final Height

Sawczenko, A. et al. Pediatrics 2006
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Growth and childhood asthma

Qutcomes llustrative comparative risks*® (35% CI) Mean difference  No. of Quality of Comments
(9594 C1) participants the
Assumed risk Corresponding risk (studies) e e
(GRADE)
Placebo or non-steroidal drugs  Inhaled corticosteroids®
Linear growth Mean linear growth velocity Mean reduction in linear -0.48 cm/y (- 5717 o Tanlan L]
velocity in first year ranged across control groups growth velocity was 0.48 0.65 to -0.30] moderate?:
of treatment (cm/y) from 5.5 to 8.5 cm/y omfy less growth in (14 trials) 3
the IC5 group
Change from baseline Mean change from baseline in Mean reduction in change -0.61 cm (-0.83 3275 o Lar Ll
in height over first height over a 1-year period from baseline in height to-0.38) less moderate??
year of treatment ranged across the control over a 1-year period was growth in the (15 trials)
[cm) groups from 4.7 to 8.6 cm/fy 0.61cm ICS group
Change in height Mean change in height 505 Mean reduction in change  -0.12 (-0.24 1o - 258 FBEEoD
standard deviation score across control groups from  in height 505 score was 0.01) less growth _ moderate?”
(4 trials)

score (5D5S) in first

year of treatment

-0.09 to 0.5

0.13

inthe ICS group

Zhang L et al Cochrane Database Syst Rev 2014
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§ 8 19 1 2 3 e
15 |BOYS HEIGHT {cm) S e Ly
’ 4-20 years ' ‘ Years — 0

(quarteely divisions} Ty el =—1 ! 10

19

185
130
15
170

165

160
150 = - ’, — : _ = —= == A =~ < 150

Height (un)

115 | === .

100 - Years

¥ (quarterly divisions}
95 e 95
§ ) ) 7 B 9 10 1 12 3 $13 15 16 7 18 19

10 year old boy with DMD on daily oral GC since age 6 years
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N B ] 10 1 12 12 i® 15 16 17 18 19 .
195 BOYS HEIGHT (cm) o S e LS ‘105
= 1 Years e T
190 4-20 years {quarterly dhisions} —<irem " 19
15
185
h
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160 ' r 1 < P o ' - 2, > - . s ""-.7.7. = 1o __19:
_ 10 15
=15 145
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z
140 1
135 133
130 13
125 125
120 1
115 15
110 Ve | ne
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1002 Years L
o 2 (quarterly divisions) "
H 6 7 B 9 10 1 12 ! 15 16 17 18 9

8 year old boy with undiagnosed chronic lung condition on GC
since age 2 years
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Multiple VF with severe back pain VF identified from screening x rays, no pain
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Delayed puberty in chronic illness

13 %2 year old CF

-~ . = Considered for lung transplant

130
125
120
.. Pubertal
" festes
105
Years
(quarte: ety divisions| ) 95
5 6 7 8 9 10 1 12 13 4 15 16 17 18 19

Importance of puberty for

- Psychosocial adjustment (matched with peers)
- Improved bone and muscle mass accrual

- Adolescent growth spurt

Examine puberty routinely
Refer for pubertal induction in those with delayed
puberty

(left), right

Contents lists available at ScienceDirect

Best Practice & Research Clinical
Endocrinology & Metabolism

journal homepage: www.elsevier.com/locate/beem

» On Pred 5 mg daily currently and
et have been on daily Pred for last 2
~ == years (Sick day steroid plan in place)

~ DXA BMD: No VF but total body and
= LS BMD about -1.5 SD

assessment G1 P1 2 ml
(previous
» orchidectomy from torsion of testes)

Pubertal abnormalities in adolescents with
chronic disease

K.T. Kao, MBChB, FRACP, DMedSc, Consultant Paediatric
Endocrinologist >, M. Denker, Medical Student °,

M. Zacharin, Consultant Endocrinologist *,

S.C. Wong, Senior Clinical Lecturer, Consultant Paediatric
Endocrinologist **

* Department of Endocrinology, Reyal Children's Hospital, Melbourne, Australia
® Developmental Endocrinology Research Group, Royal Hospital for Children, Glasgow, United Kingdom

uuuuu
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Who is at risk?

- Those treated with oral GC for more than 6 months (12 months very
high risk)

- ICS above licenced indication

- Beware those on multiple modes of GC (eg topical, inhaled, intra-
articular)

Physiological replacement 10 mg/m?/day of hydrocortisone
- Pred 1 mg equivalent to Hydrocortisone 4 mg
- Dexamethasone 1 mg equivalent to 20 mg Hydrocortisone

Need sick day steroid plan

Weaning plan if planning to discontinue and testing adrenal axis




By NS Long term GH use in JIA

Growth hormone use in JIA & other chronic conditions is not a
licenced indication

males

GH therapy
Untreated

i1 1 1 1 1 1 I & 1 I 1 1 I 1

[ —

Bechtold S et al J Clin Endocrinol Metab 2007

Improvement in adult height with long term use of GH in JIA but subjects remained
short at attainment of adult height

GH adverse effect (with GH therapy): Glucose abnormalities, T2DM in about 30-40%
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Childhood chronic disease mediated by chronic inflammation, poor
nutrition and use of steroid can impact on growth and bone
development via:

- Systemic mechanisms

- Direct Iimpact on target organs

Targeting nutrition & disease are important strategies to improve
such outcomes.

Assessing and addressing puberty routinely in adolescents with
chronic condition is paramount.
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Regular height and weight monitoring (at least 6 monthly)

Assess puberty routinely from age 11-12 years
- Refer to endocrinology if no evidence of puberty by 13 years
- Mindful of window of opportunity to improve linear growth

Address other endocrine consequences of chronic iliness esp long
term steroids

- Bone health

- Secondary adrenal insufficiency

- Glucose and metabolic abnormalities.
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