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Introduction
• Overview of nine growth reference studies in which I have 
b i l d t “ ld id i ti i it d”been involved; not “worldwide variations revisited”

• Belgium, Norway, Luxemburg, Ecuador, Algeria, Ethiopia, 
D R C (G l d) (I l d)D.R. Congo, (Greenland), (Iceland)

• WHO/MGRS standards (2006) and WHO/NCHS reference 
( )(2007) used as a common framework for comparison



Introduction
• What makes a study of growth a growth reference study?
• A growth reference shows how children actually grow, in a 
certain time, place, (sub)population (= descriptive) which 
i liimplies:

• Based on a sample that is representative for that population
• Covers a wide age range• Covers a wide age range
• Mostly cross‐sectional data
• Relatively large sample size (precision of extreme percentiles)Relatively large sample size (precision of extreme percentiles)
• Collection of measurements and auxiliary data
• Result are usually disseminated as a growth charts





Comparing reference dataset 
with common framework 
(WHO)(WHO)
1. Compare reference curves

• Two smoothed distributions (differences real or due to smoothing?)
• Difficult to quantify
• Difficult to test statistical significance (N = 2)• Difficult to test statistical significance (N = 2)
• Usually graphical



Broken lineBroken line 
is WHO

Significant?



Broken lineBroken line 
is WHO

Add ± 1SE or 95%CI (bootstrap)



Comparing reference dataset 
with common framework 
(WHO)(WHO)
1. Compare reference curves

• Two smoothed distributions (differences real or due to smoothing?)
• Difficult to quantify
• Difficult to test statistical significance (N = 2)• Difficult to test statistical significance (N = 2)
• Usually graphical

2 Convert to z scores and analyse:2. Convert to z‐scores and analyse:
• Mean = 0; Var = 1 expected (t‐test for mean, χ2 for Variance)
• Within age groups (caveat multiple testing & statistical power)Within age groups (caveat multiple testing & statistical power)

3. Prevalence above/below cut‐off percentile
• E g percentage > +2 SD; < 2 SD (2 3% expected)• E.g. percentage > +2 SD; < ‐ 2 SD (2.3% expected) 



background of the growthbackground of the growth 
surveysy
• Belgium: Flanders Growth Study (2004); 

• Flanders region; n ≈ 16000, 0 – 21 years; BE origina de s eg o ; 6000, 0 yea s; o g
• Norway: Bergen Growth Study (BGS)(2006)

• Bergen county; n ≈ 8000; 0 – 19 years; NO origin
L b S h l H l h d (2008)• Luxemburg: School Health records (2008)

• Whole region; n ≈ 50000; 4‐20 years; mixed origin
• Ecuador: School survey (1999‐2013)y ( )

• Quito & Tulcan (andes), Santa Elena (coast), Tena (selva); n ≈ 6000; 4‐19 years; 
• Algeria: School survey (2008)

• Constantine region; n ≈ 7800; 6‐18 years;• Constantine region; n ≈ 7800; 6‐18 years; 
• Ethiopia: hospital records (2013)

• Addis ababa + 4 other cities; n ≈ 7800; 0 – 2 years
• Congo: School survey

• Kinshasa region (2008); n = 7500; 6‐18 years;



Length



BMI



Luxemburg: Heterogeneous data!

• Data from School Health Records (2008)
• 50% foreigner (50% Portugese);
• Single reference curve (despite marked differences);• Single reference curve (despite marked differences);
• = political decision (but makes sense in the context of 
public health/SHC?);



Luxemburg: Heterogeneous data!



Ethiopia: Head Circumference



Standard vs Reference: anStandard vs. Reference: an 
auxological perspectiveg p p
• A standard aims to show optimal growth, and should not (and indeed will not) match 
the population under study unless all (or a large majority of) children in thisthe population under study unless all (or a large majority of) children in this 
population also show optimal growth (following the criteria used to construct the 
standard).

• For most of the 20th century, positive secular trends in linear growth have been 
considered as an indicator of improved conditions in society (more = better).

• What if a population surpasses the standard?
• “better” than optimal?
• Should we slow down or diminish (linear) growth? No evidence!• Should we slow down or diminish (linear) growth? No evidence!
• Should we interfere with weight development when children are breastfed according to 

recommendations? Evidence?



Standard vs Reference: anStandard vs. Reference: an 
auxological perspectiveg p p
• WHO/MGRS has some important characteristics:

• Universal
• A standard based on input criteria, not (yet) on outcomes
• Possibly highly selective regarding (growth) outcome• Possibly highly selective regarding (growth) outcome

• The difference between the WHO/MGRS and a regular 
growth reference study is only in the sample selection Thegrowth reference study is only in the sample selection. The 
data handling and statistical methods used to estimate the 
curves are exactly the same(LMS).curves are exactly the same(LMS).

• The standards are thus a reference for children who grow up 
under optimal conditions.under optimal conditions.

• Belgian and Norwegian data allow to select a subsample 
that matches the MGRS inclusion criteria (breastfeedingthat matches the MGRS inclusion criteria (breastfeeding, 
non‐smoking mother, “high SES”).







Conclusions
• Belgian, Norwegian and Luxemburg (“northern European 

l t ”) f i l bl h th d bcluster”) fairly comparable o each other, and above 
WHO/NCHS reference;
Al i E d d C b l hi f f• Algeria, Ecuador and Congo are below this reference for 
height, but not BMI!

• “Selection criteria matched” groups of Belgian and 
Norwegian children do not match the WHO/MGRS growth 
standardsstandards.






