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Early growth and the life course

« Hypothesis that early growth influences the life
course

* Need to model growth to relate it to later outcome
« e.g. weight gain in infancy
« or BMI change in childhood

« Example here: growth of height in puberty



Height in puberty

« Dramatic pubertal growth spurt

* Intensity of spurt defined by peak height velocity (PHV)
A Mean PHV - 9.5 and 7.7 cm/yr in boys and girls

« Wide variation in timing of spurt
« Timing of spurt defined by age at PHV (APHV)
A Mean APHYV - 14 and 12 years in boys and girls
 Biologically important, with complex hormonal
changes



Height in puberty In boys
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Exposure, growth and outcome
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Growth curve analysis

» Important form of analysis for longitudinal data

e TWO aims

» Model shape of average growth curve
A (of lesser interest)

« Characterise differences in growth pattern between
iIndividuals
A (of considerably greater interest)



CHS data

« Height in 3245 boys aged 9-19 years
eFrom Christos Hospital
« Data collected 1936-1969

« 129,508 measurements T median 42 per boy
« Each child measured twice a term

« 1022 subjects seen again at mean age 63
« Height and IGF-1 measured

Schi



CHS data

N = 129,508
heights

n= 3245 bOyS

height

200

180

160
|

140
|

120
|

14

age

16

18

20




Chard data

« Height and IGF-1 in boys aged 9-16 years
 Recruited from school in Chard, Somerset

* 510 height measurements (n=54)
« Median 11.5 per subject

« 310 IGF-1 measurements (n=24)
« Median 14 per subject
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Turner data

« Height in 105 girls aged 8-18 years
e Turner Syndrome - 45,X karyotype
 Clinical trial of growth in Turner Syndrome
 Girls randomised at 9y to Oxandrolone or Placebo
« 1321 measurements T median 12 per girl
 Trial outcome final height (n = 82)



Turner data

« N =1321 heights
« n =105 girls
« 54/51 by trial arm
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Aim

« To describe an improved method of growth curve
analysis that

« effectively summarises the average curve and
« parsimoniously estimates individual departures from it

« SO0 as to simplify the analysis of exposure-growth
and growth-outcome studies



Preece Baines curve

« Five parameter curve of height h versus age t
B 2(a—>b)
explc(t —e)+ exp(d(t — e)]

h=a

« a = adult height
* b = height at take-off
« C=rate constant 1
» d =rate constant 2
« e = age at peak height velocity
« Based on differential equation defining growth spurt

 Residual standard deviation ~ 0.6 cm



Preece Balnes curves

Data for three
subjects

Early, median,
late puberty

Fitted Preece-
Baines curves
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Growth curve analysis

 Individual parametric curves

* e.g. Preece-Baines
A Too complex - needs 5 d.f. per subject

« Random effects models

« Random intercept, random slope
A Too simple - assumes linear growth curve

« Random spline curve models
A Too complex - multiple curves

* Need well-fitting model with simple subject effects



Shape invariant models (SIM)

. Fit single growth curve: ¥, = A(¢)
« But with subject-specific age transformations

A Height velocity from 1-20 years i Stutzle et al (1980)
I Linear age transformation, B-spline curve

A Height from 0-20 years i Gasser et al (1990)
I Nonlinear age transformation, kernel curve

A Weight from 0-2 years i Beath (2007)
I Linear age transformation, cubic spline curve



Family of growth curve models

1. Fit average growth curve
y, = ht)

2. Add random height offsets by subject (size)
Vi =, + ()

3. Add random age offsets by subject (tempo)

Vi = &, +h(t_18i)
4. Add random age scalings by subject (velocity)

y,=o,+h(e" (- B))

Beath KJ. Infant growth modelling using a shape invariant model
with random efffects. Stat Med 2007;26:2547 -64.
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SITAR

Given Yy, =¢, +h(eyi (t N /61))

» The effect of a and B Is translation
(in height and age space)

« The effect of y Is essentially rotation

« Taken together they effectively
superimpose individual curves

« Hence Super-Imposition
by Translation And Rotation

e OrSITAR

Anoushka Shankar




Family of growth curve models

« Average curve T natural cubic spline with 6 d.f.
« Fit models using nime() in R

« Consider log transforms for height and/or age



Log age scale

« CHS data fit dramatically better on log age scale
« Turner data slightly better on age scale

« Log age scale shows that subject differences in
timing arise from
 shrinking/stretching the age scale
 not left/right shifting the age scale



CHS data

RSD = 6.6 cm

No random
effects
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CHS data

e RSD=2.3cm
e Sjze o
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CHS data

« RSD=1.2cm
¢ Size o
« tempo f3
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CHS data

« RSD=0.8cm
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CHS data

« RSD=0.7cm
* Size o

e tempo f

« velocity vy

e residuals
>2.4 cm
trimmed (0.7%)
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CHS data

« RSD=0.7cm
* Size o

e tempo 3

« velocity y

e residuals
<2.4 cm
trimmed (0.7%)

* average curve
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Summary 1

« SITAR model fits CHS data extraordinarily well

e RSD reduced from6.6cmto 0.7 cm
« 98.9% of variance explained

« RSD of 0.7 cm similar to mean RSD for
individually fitted Preece-Baines curves



CHS average curve
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