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Dear Editor, 

Commentary  to  Wit et al.  2019 “ A proposal for the interpretation of the serum IGF-I 
concentration as part of laboratory screening in children with growth failure” [J Clin Res 
Pediatr Endocrinol. 2019 Dec 17. doi: 10.4274/jcrpe.galenos.2019.2019.0176     ] 

Michael B. Ranke 

Division of Paediatric Endocrinology, University Children’s Hospital, Tübingen, Germany 

Wit and collaborators have again approached the issue of the value of IGF-I serum levels as a 
tool for diagnosing growth hormone deficiency (GHD) [ 1 ]. They have thoughtfully reviewed 
the existing literature and deliberated that the cut-off in terms of standard deviation score 
(SDS) should be interpreted based on the pre-test likelihood of GHD.  I  recommend reading 
this interesting article. In short the authors concluded:  In the case the pre-test likelihood for 
GHD - based on anamnestic information, physical findings, anthropometric measurements 
and laboratory results not specifically related to GHD – is high (> 50%) further testing 
(including measurements of GH secretion) is recommended even if  IGF-I levels are in the 
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normal range.  However, if  the pre-test likelihood is low (< 10%) only very low IGF-I levels 
(< -2 SDS)  qualify these children for a further diagnostic work-up.   

The diagnosis of GHD in childhood is in fact complex and is subject to an ongoing, partly 
controversial discussion [ 2 ].  A number of  - often rather less well defined  terms - have be 
used to subclassify GHD, - e.g. congenital, acquired, idiopathic, with or without (isolated) 
other pituitary hormone deficits, severe, less severe, total, and partial GHD [3]. In addition, 
the clinical picture as well as the diagnostic tools and criteria applied are dependent on the age 
of the patient.  The key issue remains the methodological difficult quantification of GH 
secretion, which means defining the individual GH secretion as being insufficient (deficient) 
compared to normal. Components of the IGF system (IGF-I, IGFBP-3, ect.) are qualitatively 
dependent on GH secretion.  Their serum levels (IGF-1, IGFBP-3)  have been proven to be  
positively correlated with the spontaneously secreted amount of GH in children and 
adolescents  [  4   ]. Thus the attempt to use their blood levels (and their standardized 
derivatives)  as a potential diagnostic indicator of GHD [5,6,7 ] is rational.  

Modern classification system which are placing IGF-I into the center of a classification even 
distinguish between disorders with primary IGF- deficiency (e.g. inability to primarily 
produce IGF-1) from those with secondary IGF- deficiency (e.g. GH deficiency) [ 3,8 ] .  
Serum levels of IGF-I (or IGFBP-3) show little circadian variability [ 9 ]  and their 
measurement is well standardized and generally accessible [ 10 ], factors which recommend 
their use as a diagnostic step before specific GH testing.  

The idea proposed by Wit et al. to establish a pre-test likelihood of GHD makes sense and is 
probably intuitively used by every physician diagnosing short children. To transform this into 
an empirically based scoring system is certainly difficult, but potentially doable.  However, in 
my view,  much of the problem of using IGF-I (IGFBP-3) as diagnostic tools is caused by the 
available references.  Since the measurement of Somatomedin C = IGF-I had become 
available by means of radio-immuno assay (RIA) [  11 ] several authors  have published  
references for age and sex based on children, adolescents or adults from  large cohorts  using  
various immunoassay techniques  [ 6, 12-13  ].  In general, these references show the 
following qualitative characteristics for IGF-I :  1. During the childhood years  serum levels 
show a steady increase  from very low levels at birth on with no quantitative differences 
between the sexes. 2.  During puberty there is a steep increment with a peak at about mid-
puberty with levels in females exceeding those in  males.  3. Thereafter there is a gradual 
decline – females remaining higher than males – reaching very low levels during senescence.  
The levels in all age groups are not distributed by a Gaussian characteristic but are skewed 
positively (to the right of the mean). The latter phenomenon is observed to a lesser degree for 
IGFBP-3 as compared to IGF-I. In order to express the relative magnitude of the difference of 
a patient´s  value from the reference mean we are used to calculate standard deviation scores 
(SDS) for age:  SDS = (patient´s value – mean of patient´s age-related reference) :  SD of 
mean of patient´s age-related reference.  If parameters are skewed specific mathematical 
transformations are needed to calculate means and SDs for a given age as the basis for such a 
calculation.  In order to approximate towards a normal distribution of the references several 
methods have been applied such as logarithmic transformation or square root transformation [ 
6, 13, 15, 16 ].  
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The author found it always remarkable that that quantitative spread of the normal range for 
serum IGF-I (and other IGF parameters) for a given age is relatively high compared to other 
biological parameters.  For example in a 7 year old child the normal range of serum IGF-I 
levels is from about 60 to about 250 µg/L, while for standing height it is only from about 114 
to 134 centimeters.  Authors who have reported references of IGF parameters have shown that 
IGF-I levels in serum of children are not only dependent of age and sex but also on  pubertal 
stage and  BMI.  Therefore it appears to be very likely that the enormously wide range (for the 
usual denominators age and sex) of normal of  IGF-I levels is indeed caused by the variability  
of  other effectors, which are not accounted for. The quantitative impact of pubertal 
development as expressed in terms of the rather crude Tanner stages has been investigated 
rather extensively [ 12, 16 ]. However, for the diagnosis of idiopathic GHD this appears to be 
of little practical relevance since the children in question have a delayed development and 
normal references for children in pubertal age but without puberty would be needed.  

Alberti and collaborators calculated that in short children a change of one SDS of height - or 
of BMI -  corresponds to  +/- 0.2 SDS in  IGF-I for age and sex.  Thus, if  a short and obese 
boy (e.g. BMI = + 2.5 SDS], has an IGF-I level for age of – 0.5 SDS,  this figure must be 
interpreted as being about 0.5 SDS too low for the condition of overweight.   In addition some 
authors have observed that height and weight also play an independent role [ 16 ] for IGF-I 
levels.  If such relevant co-variants (pubertal stage, body composition, and others) should play 
a major role for IGF serum levels they should also be measured when establishing references 
of normally tall children.  The co-variants should also be truly quantified (e.g. levels of sex 
hormones rather than just rough pubertal staging;  exact non-invasively measured masses of 
muscle, fat, bone, and tissue size  rather than calculating BMI alone ;  - and using 
automatically determined  bone age in addition to chronological age; ect.).   

If the quantitative effect of these factors on the reference values were known the expected 
mean reference value (and its SD) for the individual patient in question could be calculated  
with the help of  a multivariate regression algorithm.  A somewhat similar approach has been 
used for references of  serum  Leptin levels by Blum et al. [ 17 ]. Such individually calculated 
(predicted)  reference figures (mean, SD) could then be used to calculate an individual 
(adjusted for the individual co-variants) SD-score. The approach of developing such 
“conditional“  references  should at least be attempted for children  during the (prepubertal) 
childhood age (about 4-11 years) , at an age range when isolated, idiopathic GHD, which has 
the lowest pre-test likelihood,  is diagnosed most frequently in childhood. The information 
collected for establishing the reference of  Alberti et al. [16 ] or Bereket et al. [ 15] could 
probably be used for such an analysis.  Such a novel approach may be an additional step to 
further substantiate the diagnostic value of measuring IGF-parameters in short children and 
reach a higher likelihood of GHD before further extensive testing.  Multidimensional 
reference region combining the levels of various IGF parameters as used in adults [18]  may 
perhaps also augment their diagnostic value in short children.  

Disclosure statement: The author declares no conflict of interest with respect to this article. 

 

un
co

rre
cte

d p
roo

f



1. Wit JM, Bidlingmaier M, de Bruin C, Oostdijk W.A proposal for the interpretation of 
the serum IGF-I concentration as part of laboratory screening in children with growth 
failure.J Clin Res Pediatr Endocrinol. 2019 Dec 17. doi: 
10.4274/jcrpe.galenos.2019.2019.0176. [Epub ahead of print] 

 
2. Collett-Solberg PF, Ambler G, Backeljauw PF, Bidlingmaier M, Biller BMK, 

Boguszewski MCS, Cheung PT, Choong CSY, Cohen LE, Cohen P, Dauber A, Deal 
CL, Gong C, Hasegawa Y, Hoffman AR, Hofman PL, Horikawa R, Jorge AAL, Juul 
A, Kamenický P, Khadilkar V, Kopchick JJ, Kriström B, Lopes MLA, Luo X, Miller 
BS, Misra M, Netchine I, Radovick S, Ranke MB, Rogol AD, Rosenfeld RG, Saenger 
P, Wit JM, Woelfle J. Diagnosis, Genetics, and Therapy of Short Stature in Children: 
A Growth Hormone Research Society International Perspective. Horm Res Paediatr. 
2019;92:1-14 

 
3. International Classification of Pediatric Endocrine Diagnoses (ICPED , 

[www.icped.org] 
 

4. Blum WF, Albertsson-Wikland K, Rosberg S, Ranke MB: Serum levels of insulin-
like growth factor I (IGF-I) and IGF binding protein-3  reflect spontaneous growth 
hormone secretion. J Clin Endocrinol Metab 1993; 76: 1610–1616. 

 
5. Rikken B, van Doorn J, Ringeling A, Van den Brande JL, Massa G, Wit JM. Plasma 

levels of insulin-like growth factor (IGF)-I, IGF-II and IGF-binding protein-3 in the 
evaluation of childhood growth hormone deficiency. Horm Res. 1998;50:166-76 

 
6. Ranke MB, Schweizer R, Elmlinger MW, Weber K, Binder G, Schwarze CP, 

Wollmann HA: Signifi cance of basal IGF-I, IGFBP-3 and IGFBP-2 measurements in 
the diagnostics of short stature in children. Horm Res 2000; 54:  60–68 

 
7. Cianfarani S, Liguori A, Germani D. IGF-I and IGFBP-3 assessment in the 

management of childhood onset growth hormone deficiency. Endocr Dev. 2005;9:66-
75 

 
8. Wit JM, Ranke MB, Kelnar CJH. ESPE Classification of Paediatric Endocrine 

Diagnoses. Horm Res. 2007;68(suppl 2):1-120 
 

9. Juul A, Dalgaard P, Blum WF, Bang P, Hall K, Michaelsen KF, Müller J, Skakkebaek 
NE. Serum levels of insulin-like growth factor (IGF)-binding protein-3 (IGFBP-3) in 
healthy infants, children, and adolescents: the relation to IGF-I, IGF-II, IGFBP-1, 
IGFBP-2, age, sex, body mass index, and pubertal maturation. J Clin Endocrinol 
Metab. 1995;80:2534-42 

 
10. Clemmons DR. Consensus statement on the standardization and evaluation of growth 

hormone and insulin-like growth factor assays. Clin Chem 2011;57:555–9. 
 

11. Furlanetto RW, Underwood LE, Van Wyk JJ, D'Ercole AJ. Estimation of 
somatomedin-C levels in normals and patients with pituitary disease by 
radioimmunoassay. J Clin Invest. 1977 ;60:648-57 

 

un
co

rre
cte

d p
roo

f



12. Juul A, Bang P, Hertel NT, Main K, Dalgaard P, Jørgensen K, Müller J, Hall K, 
Skakkebaek NE Serum insulin-like growth factor-I in 1030 healthy children, 
adolescents, and adults: relation to age, sex, stage of puberty, testicular size, and body 
mass index. J Clin Endocrinol Metab. 1994 Mar;78(3):744-52 
 

13. Blum WF, Böttcher C, Wudy SA. Insulin-like growth factors and their binding 
proteins. . In: Ranke MB, Mullis PE (eds.) Diagnostics of Endocrine Function in 
Children and Adolescents , ed 4.  Basel, Karger, 2011,pp 157-182 

 
14. Brabant G, von zur Muhlen A, Wuster C, Ranke MB, Kratszsch J, Kiess W, 

Ketelslegers JM, Wilhelmsen L, Hulthen L, Saller B, Mattsson A, Wilde J, Schemer 
R, Kann P, German KIMS Board: Serum insulin-like growth factor I reference values 
for an automated chemiluminescence immunoassay system: result from a multicenter 
study. Horm Res 2003;   60:   53– 60. 

 
15. Bereket A, Turan S, Omar A, Berber M, Ozen A, Akbenlioglu C, Haklar G. Serum 

IGF-I and IGFBP-3 levels of Turkish children during childhood and adolescence: 
establishment of reference ranges with emphasis on puberty. Horm Res. 
2006;65(2):96-105 

 
16. Alberti C, Chevenne D, Mercat I, Josserand E, Armoogum-Boizeau P, Tichet J, Léger 

J. Serum concentrations of insulin-like growth factor (IGF)-1 and IGF binding 
protein-3 (IGFBP-3), IGF-1/IGFBP-3 ratio, and markers of bone turnover: reference 
values for French children and adolescents and z-score comparability with other 
references.  Clin Chem. 2011;57:1424-35 

 
17. Blum WF, Englaro P, Hanitsch S, Juul A, Hertel NT, Müller J, Skakkebaek NE, 

Heiman ML, Birkett M, Attanasio AM, Kiess W, Rascher W. Plasma leptin levels in 
healthy children and adolescents: dependence on body mass index, body fat mass, 
gender, pubertal stage, and testosterone. J Clin Endocrinol Metab. 1997;82:2904-10 

 
18. Mattsson A, Svensson D, Schuett B, Osterziel KJ, Ranke MB. Multidimensional 

reference regions for IGF-I, IGFBP-2 and IGFBP-3 concentrations in serum of 
healthy adults. Growth Horm IGF Res. 2008;18:506-16 

un
co

rre
cte

d p
roo

f




