


Postnatal Growth
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Linear growth

e 25 cm during the first year of life
* 10 cm between 12 and 24 months

e 7.5—10 cm between 24 and 48 months



Linear growth

* 5 cm/year between age four years and puberty.
In puberty

* Girls:23—-25 cm 9cm/y

* Boys:26—-28 cm 10.3cm/y

e After menarche:1- 7cm
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GROWTH’S REQUIREMENTS

Factors important for growth :

Adequate nutrition

Normal genetic constitution

Absence of chronic illness

Psychosocial wellbeing

Sufficient hormone (growth hormone, thyroid hormone, cortisol , sex hormone






0 Fvaluation of the short stature

Medical

Family and post medical history, birth history, past illness or chronic
History
diseases, nutritional status, psychosocial and cognitive development

Physical
i Phenotypic, body proportion, pubertal staging, the timing of puberty

Examination i )

in the parents and stature of first and second degree relatives, BMI

Whether all short stature children should be tested?

Grimberg et al., 2016, Horm Res Paediatr, Guideline



Evaluation of a child with short stature

¥ Analysis of height velocity

¥ Interpretation of the child's growth in comparison of parental
heights.

@ Determination of bone age
@ Estimation of adult height



Calculating height velocity

HV(cm/year) = Present height —height 6-12 months previously x 12

Interval (months) between heights



“» Example

v'Boy

vAge=7y

v'New height = 130

v'Height at 8 m ago = 125

V'HV = (130-125) + 8 x 12 = 7.5 Cm/ year



Height Velocity in cm/year

MALES FEMALES
Age (years) | Minus 25D | Minus 15D | Mean Minus 25D | Minus 15D | Mean
2.5 5.7 7.0 8.3 5.9 7.3 8.6
3 5.4 6.6 7.8 55 6.9 8.1
3.5 5.1 6.3 7.4 5.2 6.4 7.6
4 49 6.0 7.1 49 6.1 72
4.5 47 5.8 6.8 4.7 5.8 6.8
5 4.6 5.6 6.6 46 5.6 6.6
5.5 45 5.4 6.4 45 5.5 6.4
6 43 5.3 6.2 4.4 5.3 6.2
6.5 4.2 5.1 6.0 4.3 5.2 6.1
7 4.2 5.0 5.9 43 5.2 6.0
7.5 41 4.9 5.8 43 5.1 5.9
8 3.9 4.8 5.6 4.2 5.0 5.8
8.5 3.8 4.6 5.4 4.2 4.9 5.7
9 3.8 45 5.3 4.2 5.0 5.8
9.5 3.7 4,5 5.2 4.3 5.0 5.8
10 3.7 4.4 5.1 4.4 5.3 6.2
10.5 3.7 4.4 5.1 4.7 5.7 6.8
11 3.7 4.4 5.2 5.7 6.6 T
11.5 3.8 4.6 5.3 6.1 7 83
12 4.0 4.9 5.7 5.2 6.3 7.3
12.5 48 5.8 6.7 3.6 4.8 5.9
13 6.2 7.4 8.6 2.4 3.3 43
13,5 7, 8.3 9.5 1.3 2:2 2.9
14 6.1 752 8.4 0.4 1.1 1.8
14.5 41 5.3 6.5 0.0 0.5 1.0
15 2.4 3.6 47 B T s
15.5 1.7 2.3 3.3 T [ T [T
16 0.4 1.3 22 e [T [T
16.5 0.1 0.7 1.5 e D O
17 0.1 0.4 0.9 e SO
17.5 0.1 0.1 0.5 e [T [T




Who needs to be evaluated for short stature

" Predicted adult height >1.5-2 SD below the target height

= Decrease in height SD of more than 0.5 SD over past year in children
over 2 years of age



Calculation of height standard deviation
score

Example calculation:
A 9-year-old boy is 116 cm

Boy’s age Standard
(years) deviation

8.0-8.49 128.62 5.76
8.5-8.99 131.58 5.93
9.0-9.49 134.71 6.22
9.5-9.99 136.91 6.51

10.0-10.49 139.59 7.67



/ - score

HT 50th — HT patient
SDS =

SD

SD= HT 50th — HT5th

16



* Hpation 116
e Ht50th =134.7

* HTth =122.2

*SD 134.7-122.2=12.5
*SD 12.5+2=6.22

* SDS=134.7-116= 18

* SDS=18+6=-3

* As the boy’s height SDS is =3 SDS
e He has short stature
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Heigh 54l

Heght s Age Height s Age
56,80 261 T4 121.70 559 2. 14970 1.36
§747 230 il 1224 530 12.1 1304 T4
8815 240 1.2 122.78 531 122 15097 152
58 RG 2.5 T3 123,11 531 123 13161 1Al
2061 255 14 12387 5.34 124 15228 169
a0.40 243 15 124.40 533 125 153.00 178
01.25 260 1.6 [24.03 5.36 126 15377 188
o214 184 11 12545 5.37 127 1437 1407
9306 310 18 123.97 5338 12.8 155.38 BO7
0399 LR 79 126,48 519 129 136.16 8.1
9490 338 &0 127.00 a4l 130 15690 - 827
95,79 3.795 51 137.52 543 131 15157 B.36
06 63 186 8.2 128,04 543 3.2 158.18 245
9749 393 L 12856 548 133 158.73 33
9830 397 B4 12908 550 134 159.32 1.58
W10 40 B3 12660 3.53 135 159.90 863
099 &8 406 Bh 130,12 356 13.6 160.51 H.66
{0064 4.1 L 13004 558 1.7 161.14 268
101,40 417 Bi 131,16 5.0 138 161.79 869
10215 4.24 89 131,08 5.63 139 16243 56y
102,90 432 o 13220 5.65 14.0) 163.10 560
103.65 4,40 9.1 13272 5.67 14.1 163.74 R0
Iy 448 2 133,23 570 14.2 164,38 K68
10515 456 0.3 133.75 50 14.3 16500 g.of
10589 463 94 13437 515 144 165.60 B.65
0660 468 93 380 378 143 166.20 863
07.29 473 96 13333 L3 1] 4.6 166.78 860
107.95 4.4 9.1 13537 5.84 14.7 167.35 B.35
108.61 476 98 3641 388 14.8 167.9] B3l
109.26 478 9.9 136.95% b I 49 16846 g45

Age

O I

17.0
1.1
17.2
7.3
|14
(1.3
176
1.7
178
17.9
150

Height

| 76.20
176.33
176.43
176.35
176.64
176.70
176.74
17677
176,79
17680
17680

s

687
fi.83
£1.80
Hh18
.76
6.73
f.4
6.74
6.4
6.73
6.15

[
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Target height is calculated based on midparental height

- Target height is a term used for the expected height of a child given the
heights of the parents?

- A commonly used formula for calculation of target height is:?

Target (midparental) height (boys) = (father’s height [cm] + mother's height [cm]) + 6.5
cm 2

Target (midparental) height (girls) = (father’s height [cm] + mother's height [cm] ) — 6.5
cm 2

1. Barstow C et al. American Family Physician 2015:92:43-50. 2. Rogol & Hayden. J Pediatr 2014;164(5 Suppl):S1-14.



Target height is calculated based on midparental height

* Father's height 177cm

* Mothers height 150cm

e MPH = 1774150 +2 =163.5

* Mid parental target HT =163.5+6.5=170



Target height SDS

* MPHSDS=TH ~mean Height for boys (20/y) +SD
« MPHSDS=1/7/0—-176 =-6
e MPHSDS = -6 = 6=-1



Calculation of midparental height SDS

v Mean height reference for maximum age (adult height)
v/ Standard deviation reference for maximum age (adult height)

Male 176 6
Female 164 6.5



Does growth of a child correspond to the genetic
potential?

Calculate the difference between the height SDS of the child and
the midparental height SDS

(Example of calculation: A
Height SDS of the child: -3 SDS
Midparental height SDS: —1 SDS

\ Difference: —2 SDS Y,

As the height SDS is more than 1.5 -2 SDS below the
midparental height SDS, he is short for his genetic potential




* MPH SDS - HTSDS >1.5



Who needs to be evaluated for short stature

= Predicted adult height >1.5 SD below the target height

" Decrease in height SD of more than 0.5 SD over past year in
children over 2 years of age

" Height-for-age curve has deviated downwards across two
major height percentile curves

Clinical Rounds in Endocrinology 2016
Up to date 2017






What are the investigations required for
evaluation of a short child

=" Complete blood count
= Creatinine

= urine analysis

= Bicarbonate

= Calcium, phosphorous, alkaline phosphatase

Clinical Rounds in Endocrinology 2016



What are the investigations required for
evaluation of a short child

= SGOT, SGPT, albumin

= TSH, T4

= Celiac

= Karyotype

* Hand X ray (Bone age for PAH), rickets, dysplasia

Clinical Rounds in Endocrinology 2016



Diagnostic approach

" |nsulin-like growth factor | (IGF-I)
" |nsulin-like growth factor binding protein 3 (IGFBP-3)

= Abnormal results of IGF-1 and/or IGFBP-3 levels should be confirmed
by provocative GH testing



Who needs to be evaluated for short stature?

= Age two to four years: HV less than 5.5 cm/year
= Age four to six years: HV less than 5 cm/year
Age six years to puberty

= HV less than 4 cm/year for boys

= HV less than 4.5 cm/year for girls
Poor Height Velocity

Up to date 2017
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34

/ - score

HT 50th —Child's HT
SDS =

SD

SD= HT 50th — HT5th




Height SDS

(observed height — mean height for age and sex)
SDS =

SD for that age and sex.



H125 w10 Ol ) n e
130 cm = 5 Saa a8 140 cm =50 Saa 8 e
 SD = ( Height 50 th — Height 5th ) + 2
e SDS = ( Patient Height — Height 50 th ) + SD

« (140-130)+2=5 SD
« SDS = (125 — 140) + 5 = - 3 SDS




* SDS=-2 NLvariation & Follow up
e SDS=-2 - -3 Screen(step1)

 SDS > -3 Endocrine test, genetic, ....



Target height is calculated based on midparental height

e Father's height 165cm

* Mothers height 152cm

e MPH = 165+152 +2 =158.5

* Mid parental target HT =158.5+6.5=165



Target height SDS

* MPHSDS=TH ~mean Height for boys (20/y) +SD
e« MPHSDS= 165—-176 =-11
« MPHSDS = -11 = 6=-1.8



Calculation of midparental height SDS

v Mean height reference for maximum age (adult height)
v/ Standard deviation reference for maximum age (adult height)

Male 176 6
Female 164 6.5



* MPH SDS - HTSDS >1.5
¢-1.8—(-3)=1.2
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« CBC/diff  Kidney Sonography
* ESR * Bone Age

* BUN, Cr

* U/A

* |GF-1

* |GFBP3

« TFT

« Anti TTG
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Case 2
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Case 2
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Case 2

e Ht50 th =115

e HT5th =106
*SD 115-106=9
. SD 912=45

* SDS=115-103=12
* SDS=12+4.5= -2.6



Diagnosis?

Borderline short stature
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Is the child’s growth within the range for the family?

# Difference between the height SDS of the child and the midparental
height SDS

* As the child’s height SDS is more than 1.5-2 SDS below the
midparental height SDS, he is short for his genetic potential




* 165+180 =345
*345+2=172.5
* Taget MPH :172.5-6.5 = 166



Calculation of midparental height SDS

v Mean height reference for maximum age (adult height)
v/ Standard deviation reference for maximum age (adult height)

Male 176 6
Female 164 6.5



« MPH Taget height SDS (MPH SDS ) = Mid parental target HT—
mean height - 6.5

*166-164 =2
e2:-65=+0.3



e MPH SDS - HTSDS
e +0.3 (- 2.6) = 2.9
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Case 2

DAL e 3 S (g5 2y lagal e

14 yrold boy |

h/o "shortest in his class™
h/fa “preblems at schosl”
h/e “slway: a small bey”

h/fo father did not “grow  till he
entered college




Case 2
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Prediction of Adult Stature: Fraction of Adult Height Attained at Each Bone Age

Girls Boys
Bone Age
(year-month) Delayed Average* Advanced Delayed Average* Advanced

60 0733 0.720 0.680
63 0.742 0.725 0.650
65 0751 0.738 0700
69 0763 0.751 0702
70 0770 0.757 0.712 0718 0.695 04670
73 o7 0.765 0.722 07zZ3 0.702 05676
746 0.7e3 0772 0.732 07338 0.709 0683
79 o797 0.782 0.742 0747 076 0689
890 O.EDE 0.750 0.750 0.756 0.723 0656
8-3 0813 0801 0.760 0765 o 0.703
845 0.E23 os10 o7Fn 0773 0.73%9 0.709
8-9 0836 o821 0.784 oFr 0.746 0.715
5490 0E41 03827 0.750 0785 0.752 0.720
5-3 0851 0336 0300 0754 0.761 0.728
55 OES8 03844 03808 O.ECO 0.769 0.734
99 0.B65 03853 0315 O.EO7 0777 0.741
100 OET7T4 03862 0328 0.El12 0.784 0.747
103 OEE4 0374 osa 0816 0.791 0.753
10-6 0.E%96 03884 0856 0819 0.795 0.758
15 0.5907 0856 0370 0.EZ21 0.800 0.763
110 0918 0.906 0.383 0823 0.804 0.767
11-3 0522 0910 0.387 0.B27 o812 0.776
11-6 0.926 0914 0351 0.832 oBie 0.786
11-9 0529 0918 0387 0.E39 0.827 0300
120 0932 0922 0.901 0845 0.834 0505
12-3 0542 0932 0913 0.B52 0843 0318
12-6 0549 02941 0924 0860 0.853 0328
12-9 0.957 0.950 0.935 08G9 0.863 0339
130 0.564 04958 0.945 D.ESD 0876 03850
13-3 0571 0967 04955 0.850 03863
136 0977 0974 0.963 0.902 0.875
13-9 0.581 0978 0968 0514 0.850
140 0583 0980 0972 0.927 0.905
14-3 0.565 0983 0977 0538 0918
146 0.5689 0.986 0.980 0.548 0.930
145 0.992 0988 0.983 0.558 0943
150 0594 0950 0986 0.568 0958
153 0.995 0991 0988 0.973 0967
156 05996 0953 0.9%0 0576 0am
159 0.997 0954 0952 0.880 0976
160 0553 0956 0953 0.582 0980
163 0.999 0.99 0984 0.885 0983
166 05539 0957 0985 0.587 04985
165 0.5595 0.958 0957 0.58% 0988
170 1.00 0955 0958 0.551 0950
17-3 0553
176 09355 Q.eas5 0.554
175 0.5955
180 1.00 0.956
183 0.558
186 1.00




predicted adult height

* Bayley-Pinneau

* 133 +0.812 =163.8



Estimation of adult height

Y Projected height(PH) :

v'Extrapolating the child's growth along the current channel to the 18-
to 20-year mark .

v'If the child's BA is delayed or advanced, the PH should be plotted
based on the BA rather than the CA.

Up to date 2016



Estimated projected height using current growth channel

Stature-for-age percentiles, boys, 2 to 20 years, CDC growth charts: United States

190—% T Jath
185 _;—?4 ,5:;’ g?—m—
. 139—2 26 ‘// L 75t|h__
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Estimating projected height using skeletal age

Stature-for-age percentiles, boys, 2 to 20 years, CDC growth charts: United States

J in in
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Fraction of Adult Height Attained at Each Bone Age

Girls Boys
Bone Age (yr-mo) Retarded Average- Advanced Retarded Average: Advanced
Example : ) 0733 0720 0680
Female 6-3 0.742 0.729 0.690
6-6 0.751 0.738 0.700
CA=10Y
6-9 0.763 0.751 0.709
BA=7Y 7.0 0770 0757 0712 0718  06%5 0670
H=120Cm 7-3 0.779 0.765 0.722 0.728 0.702 0676
PAH = ? 7-6 0.788 0.772 0.732 0.738 0.709 0.683
7-9 0.797 0.782 0.742 0.747 0.716 0.689
8-0 0.804 0.790 0.750 0.756 0.723 0.696
8-3 0.813 0.801 0.760 0.765 0.731 0.703
120/ 0.77 = 155.8 8-6 0.823 0.810 0.771 0.773 0.739 0.709

6-9 0.636 0.821 0.764 0.779 0.746 0.715



