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Abstract
Background: The analysis of insulin-like growth factor I  
(IGF-I) is an important tool for pediatricians in the diagnosis 
and treatment of growth hormone deficiency in children. 
However, significant differences exist in IGF-I assays and nor-
mative datasets, which can have important clinical conse-
quences. Methods: IGF-I analyses were performed using the 
IDS-iSYS platform on 1,897 samples from pediatric patients 
(0.5–18 years old). Z-scores were calculated based on norma-
tive IGF-I data from Bidlingmaier et al. (SD-BM) [J Clin Endo-
crinol Metab. 2014 May; 99(5): 1712–21] and normative IGF-I 
data from the IGF-I harmonization program in the Nether-
lands (SD-NL). The differences in Z-scores were analyzed at 
relevant clinical decision points (–2 SD, +2 SD). These norma-
tive datasets were also compared to normative data report-
ed by Elmlinger et al. [Clin Chem Lab Med. 2004; 42(6): 654–
64]. Results: The difference in Z-score between SD-BM and 
SD-NL was highest in males between 0 and 3 years old, ex-
ceeding 2 SD. Clinically relevant discordance between both 

Z-scores at –2 and +2 SD was found in 12.7% of all samples. 
The IGF-I levels at –2 and +2 SD reported in the normative 
dataset of Elmlinger et al. were up to 100% higher than the 
IGF-I levels reported by Bidlingmaier et al. or the Dutch har-
monization program. Conclusion: Pediatricians and labora-
tory specialists should be aware of relevant differences that 
can exist between IGF-I assays and normative data. Well-de-
fined pediatric reference ranges for the IDS-iSYS platform are 
highly desirable. © 2018 S. Karger AG, Basel

Introduction

Insulin-like growth factor I (IGF-I) is involved in 
many biochemical processes in the human body. It has its 
function in different steps of cell proliferation, differen-
tiation, and apoptosis and has an insulin-like metabolic 
function [1]. Moreover, IGF-I is believed to play a role in 
brain function, aging, and longevity [2, 3]. IGF-I is high-
ly dependent on growth hormone (GH) secretion and ex-
erts most of its cellular effects by binding to the IGF-I 
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receptor. IGF-I analysis is used in the assessment of acro-
megaly and GH deficiency (GHD) as well as in the mon-
itoring of GH therapy [4–6]. IGF-I serum levels are influ-
enced by factors including age, puberty, nutritional sta-
tus, liver function, and binding protein levels. Moreover, 
several IGF-I gene polymorphisms are related to (physi-
ological) variations of serum levels of IGF-I [7].

For pediatricians, measurement of IGF-I is relevant 
for the investigation of the GH-IGF-I axis in children 
with short stature or decelerating growth. The use of Z-
scores is helpful, since it is a standardized way of display-
ing the deviation of IGF-I concentrations from an age-
related population. Z-scores lower than –2 SD strongly 
suggest an abnormality in the GH-IGF-I axis when other 
causes of low IGF-I values have been excluded, while Z-
scores above 0 SD are likely to have normal GH provoca-
tive test results, making further evaluation of the GH-
IGF-I axis unnecessary [6, 8, 9]. Still, normal values of 
IGF-I can occur in GHD. As a true gold standard for 
GHD is lacking, the diagnosis of GHD is challenging and 
requires an integrated assessment of all available data, in-
cluding assessment of IGF-I levels [8, 10, 11]. Measure-
ments of IGF-I levels are also used to monitor GH treat-
ment. IGF-I levels generally increase upon increasing the 
GH dose, making IGF-I a useful biomarker for GH expo-
sure. High IGF-I levels were found to be associated with 
increased cancer and cardiovascular disease mortality 
[12], and it is advised to lower the GH dose when IGF-I 
levels increase above a Z-score of +2 SD [6].

Reliable IGF-I assays and well-derived normative data 
are a prerequisite for successful use of IGF-I measure-
ments in clinical practice. Still, it is recognized that sig-
nificant differences can exist in both the results of IGF-I 
assays and in normative datasets [13–15]. Differences be-
tween the results of IGF-I assays are caused by several 
factors, including variability in assay design, the use of 
different calibration standards, interference from IGF-I-
binding proteins, or differences in epitope specificity of 
the used antibodies [14]. As a consequence, reference val-
ues for IGF-I are usually assay-specific and can differ be-
tween laboratories [16]. Factors that can result in differ-
ences between normative data include number of sub-
jects, ethnicity, nutritional status, preanalytical variability, 
or the statistical methodology used to convert IGF-I data 
to Z-scores [14, 17].

In the Endocrine Laboratory of Erasmus Medical Cen-
ter, a change in IGF-I assay from IMMULITE (Siemens, 
Munich, Germany) to iSYS (Immunodiagnostic Systems 
Ltd., Tyne and Wear, UK) was implemented in 2013 due 
to a global supply disruption of IMMULITE reagent [18, 

19]. A change in age- and sex-specific normative data was 
implemented simultaneously: the reference ranges deter-
mined by Elmlinger et al. [20] on the IMMULITE plat-
form were replaced by the reference ranges for the iSYS 
assay as reported by Bidlingmaier et al. [21]. From that 
moment on, significantly higher Z-scores were reported 
in both pediatric and adult patient groups [22]. In the pe-
diatric ward this change had relevant clinical conse-
quences. Fewer children were diagnosed as GH deficient 
because they did not meet a required criterion (IGF-I Z-
score below –2 SD). Moreover, the dosage of GH was re-
duced in a significant number of children as Z-scores 
more frequently exceeded +2 SD. The most pronounced 
differences were observed in children between 0 and 5 
years and children between 10 and 18 years.

Age- and sex-specific reference ranges for IGF-I were 
also determined in the Netherlands in 2014 based on a 
national harmonization program, in analogy to the har-
monization program for the analysis of GH [23]. A goal 
of this program was to decrease the variability in IGF-I 
results between immunoassays of different manufactur-
ers by applying a correction factor to the IGF-I concentra-
tions measured in each laboratory. The factor is obtained 
from analysis of a harmonization sample with a fixed 
IGF-I value. After correction of the IGF-I results in each 
laboratory, harmonized reference values can be applied 
for every assay.

We hypothesized that application of the Dutch har-
monized reference values might improve the IGF-I Z-
scores in pediatric patient samples, resulting in lower Z-
scores than those obtained in the past using the IMMU-
LITE IGF-I assay and concomitant reference values. In 
this study, we compared pediatric IGF-I Z-scores ob-
tained from the assay-specific reference values published 
by Bidlingmaier et al. to the harmonized reference ranges 
from the Netherlands. These normative datasets were 
also compared to the previously used normative data re-
ported by Elmlinger et al. The differences are discussed in 
light of the clinical consequences for the diagnosis and 
treatment of GHD in children.

Subjects and Methods

Subjects
We retrospectively reviewed the data of pediatric patients for 

whom IGF-I analysis was requested by their pediatrician from Jan-
uary 2014 to June 2015. Patients younger than 0.5 years or older 
than 18 years were excluded from analysis. IGF-I results below the 
detection limit of the assay were excluded from analysis. The eth-
nic background of patients was diverse, but the majority was Cau-
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casian. IGF-I analysis was requested to evaluate a possible disorder 
in GH secretion or sensitivity and to monitor both GH and IGF-I 
replacement therapy. The participants remained anonymous dur-
ing the database analysis.

Specimens and Assay
Serum was collected via capillary blood sampling or venipunc-

ture. The samples were allowed to stand at room temperature for 
30 min. They were then centrifuged at 2,163 g at 4  ° C for 10 min. 
Analysis of IGF-I was performed within 8 h from blood collection. 
IGF-I was measured using a solid-phase, enzyme-labeled chemi-
luminescent immunometric assay (iSYS; Immunodiagnostic Sys-
tems Ltd.) according to the manufacturer’s instructions. The assay 
is calibrated against the reference standard NIBSC 02/254. Within-
laboratory, day-to-day precision was 9.7% at the level of 3.5 nmol/L 
and 4.2% at the level of 19.7 nmol/L.

Statistics and Normative Data
Z-scores for the measured IGF-I levels on the iSYS platform 

were based on age- and sex-specific normative data as reported by 
Bidlingmaier et al. These age- and sex-specific normative data 
were derived from 4,100 subjects (1,809 males, 2,291 females) from 
different cohorts with ages ranging from 0 to 18 years. The largest 
number of samples (n = 1,360) came from the Canadian Labora-
tory Initiative on Pediatric Reference Interval Database (CALI-
PER) conducted at the Hospital for Sick Children (Toronto, ON, 
Canada). This population was ethnically diverse and consisted of 
children attending dentistry, orthopedic, and plastic surgery clin-
ics. The other cohorts included healthy children from Canada, 
Denmark, Sweden, Germany, Austria, and Greece. The samples 
were analyzed at six different sites using the iSYS platform. The 
recombinant NIBSC standard 02/254 was used for calibration [21].

In our study, Z-scores were calculated using the formula Z = 
[(IGF-I / M)L – 1] / (LxS) [21, 24, 25]. Age was calculated as [(date 
of blood withdrawal – date of birth) / 365.25]. IGF-I units were 
converted using the formula IGF-I (ng/mL) × 0.1307 = IGF-I 
(nmol/L). Z-scores based on the normative data of Bidlingmaier et 
al. were reported as “SD-BM.”

Z-scores were also calculated from normative data of the Dutch 
harmonization program for IGF-I. The Dutch harmonization pro-
gram for IGF-I has been implemented in analogy to the harmoni-
zation of GH measurements in the Netherlands, which was initi-
ated to reduce between-laboratory variability of GH results at the 
clinical decision point of 20 mIU/L. In this program, a commut-
able serum pool was used as a consensus reference material. Each 
laboratory analyzed GH from this pool and calculated a harmoni-
zation factor f defined as GHpool / GHmeasured. Subsequently, “har-
monized” GH results from patients were obtained by multiplica-
tion of GH results with the harmonization factor [23]. For IGF-I 
this methodology was also applied. The harmonization factor  
for IGF-I was defined as IGF-Ipool / IGF-Imeasured, and subsequent 
IGF-I results were multiplied by the laboratory-specific harmoni-
zation factor. With a consensus value for IGF-Ipool of 23.0 nmol/L, 
a harmonization factor of 1.11 was found from January 2014 to 
June 2015 on the iSYS platform. These harmonized IGF-I results 
were used in conjunction with harmonized normative data ob-
tained in the Netherlands from 207 healthy subjects (106 males, 
101 females) between 0 and 18 years old. The Dutch normative 
data were obtained using the Siemens IMMULITE 1000 platform 
standardized against the second WHO IS 87/518 and were harmo-

nized according to the procedure described above. Z-scores were 
calculated using the mathematical LMS procedure as described 
above and were reported as “SD-NL.” Differences in Z-scores be-
tween SD-BM and SD-NL were calculated for each sample and 
evaluated per age group (0.5–4.9 years, 5.0–9.9 years, and 10.0–
18.0 years) and sex. Discordance between the Z-scores was evalu-
ated at the clinical decision points of –2 SD and +2 SD. Discor-
dance at –2 SD was defined as SD-BM ≤–2 SD while SD-NL was 
>–2 SD or vice versa; discordance at +2 SD was defined as SD-BM 
≤+2 SD while SD-NL was >+2 SD or vice versa. Differences be-
tween the normative data of the Dutch harmonization program 
and the data reported by Bidlingmaier et al. and Elmlinger et al. 
were investigated by graphical comparison. The age- and sex-spe-
cific normative data from Elmlinger et al. were based on serum 
samples from 785 healthy subjects (382 males, 403 females) youn
ger than 19 years. All samples were analyzed using the Siemens 
IMMULITE IGF-I assay standardized against the second WHO IS 
87/518 and were analyzed at a single site [20]. Data were analyzed 
using Excel 2013 (Microsoft).

Results

In total, 1,897 samples (1,054 from males, 843 from 
females) were included for IGF-I analysis. The difference 
in Z-score between SD-BM and SD-NL is depicted in Fig-
ure 1. In males, SD-BM is lower than SD-NL for all ages. 
In males between 0 and 3 years, SD-BM can be more than 
2 SD lower than SD-NL. With increasing age the differ-
ence between both Z-scores decreases slowly, but does 
not disappear. In females, the trend with increasing age 
seems similar to that in males, albeit with a smaller differ-
ence between both Z-scores. There seems to be no big dif-
ference between SD-BM and SD-NL in females 4–10 
years old. Thereafter, SD-BM seems to be lower than SD-
NL again.

Figure 2 shows the correlation between SD-BM and 
SD-NL in different age groups. The discordant results at 
–2 SD and +2 SD are depicted in blue. For males, a bias 
towards higher SD-NL values was observed in the age 
range of 0–4.9 years, resulting in a significant number of 
discordant results at –2 SD and +2 SD. A similar trend 
was observed at higher age, though less pronounced. For 
males, no discordance was found at +2 SD in the age 
range of 5.0–9.9 years. In females, a similar trend was ob-
served, but the bias was smaller. In the age range of 5.0–
9.9 years there seemed to be no bias. Overall, 130 results 
(6.9%) were discordant at –2 SD, most of which were 
males. At +2 SD, 110 results (5.8%) were discordant (Ta-
ble 1).

A direct comparison of the normative data from 
Bidlingmaier et al. and the Dutch harmonization pro-
gram is displayed in Figure 3. In males, the –2 SD line for 

D
ow

nl
oa

de
d 

by
: 

K
in

g'
s 

C
ol

le
ge

 L
on

do
n 

   
   

   
   

   
   

   
   

   
   

   
13

7.
73

.1
44

.1
38

 -
 1

0/
6/

20
18

 1
2:

56
:3

9 
A

M



Broeren/Krabbe/Boesten/ 
Hokken-Koelega/de Rijke

Horm Res Paediatr4
DOI: 10.1159/000493133

the Dutch cohort ran at lower IGF-I concentrations than 
the –2 SD line of the Bidlingmaier cohort over the com-
plete age range. The maximum difference was 4 nmol/L. 
In females, the two –2 SD lines ran at virtually identical 
IGF-I concentrations. In males between 0 and 7 years, the 

+2 SD line of the Bidlingmaier reference values ran at 
higher IGF-I concentrations than the +2 SD line of the 
Dutch cohort, with a maximum difference of 12.5 nmol/L 
at year 1. For females, the difference between the +2 SD 
curves was smaller.
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Fig. 1. Difference in Z-score (SD-BM minus SD-NL harmonization) against age for males (circles) and females 
(triangles).
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In Figure 4, the normative data from Bidlingmaier  
et al. and the Dutch harmonization program are com-
pared to the normative data from Elmlinger et al.,  
which were used in conjunction with the IMMULITE 
IGF-I assay before the introduction of the iSYS IGF-I 
assay. In both males and females, the normative IGF-I 
results from Elmlinger et al. were significantly higher 
than the normative results from Bidlingmaier et al. and 
the Dutch harmonization program at 0–6 and 12–18 
years.

Discussion

In this study, we investigated the difference in Z-scores 
obtained with the Bidlingmaier reference values (SD-
BM) and the Dutch harmonized reference values (SD-
NL) for IGF-I in children. This comparison was initiated 
by the observation that a switch in IGF-I assay from IM-
MULITE to iSYS and concomitant normative data in our 
laboratory resulted in a substantial increase in IGF-I Z-
scores in children that did not seem to be in agreement 
with other clinical findings. Similar trends were found in 
adults [22]. We hypothesized that application of the har-
monized reference values in the Netherlands might result 
in a decrease in Z-scores, comparable to the earlier assay 
and normative data of Elmlinger et al. Interestingly, the 
opposite appeared to be the case (Fig. 1).

The Z-scores of males were higher for the harmonized 
reference values than for the reference values of Bidling-
maier et al. over the whole age range, with the biggest 
difference between 0 and 6 years. For girls the difference 
was smaller. A direct comparison of Z-scores is useful as 
it can give an indication whether differences are clini-
cally relevant. The comparison of Z-scores depicted in 
Figure 2 again shows that the majority of samples had a 
higher Z-score for SD-NL, but also indicates that a sub-

Table 1. Overview of the number of discordant results of SD-NL 
versus SD-BM for males and females

Discordance Males Females Total

<–2 SD 113 (10.7%) 17 (2.0%) 130 (6.9%)
–2 SD to 0 SD 209 (19.8%) 71 (8.4%) 280 (9.5%)
>+2 SD 58 (5.5%) 52 (6.2%) 110 (5.8%)

All 380 (36.1%) 140 (16.6%) 520 (27.4%)

Relative numbers were calculated based on the total amount of 
samples from males (n = 1,054), females (n = 843), or both (n = 
1,897).
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(–2 SD, mean, +2 SD) for IGF-I in males and females (left). The pediatric ranges are depicted in more detail 
(right).
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stantial group of samples was abnormal in only one of the 
two normative datasets (Table 1). These discordant re-
sults are most likely clinically relevant. At the clinical de-
cision point –2 SD, it is implied that a diagnosis of GHD 
is made less frequently when the harmonized reference 
values are used. As no gold standard is present, the diag-
nosis of GHD is difficult and should be based on an in-
tegrated assessment that can include auxology, clinical 
judgement, provocative GH testing, neuroimaging, or 
genetic testing next to IGF-I measurements. Still, IGF-I 
measurements play an important role in this assessment, 
especially when the overall picture is not clear-cut. For 
example, in the Netherlands an IGF-I Z-score below  
–2 SD is a prerequisite for starting GH treatment when a 
partial response in provocative GH testing is found. Ad-
ditional discordant results appear when the range be-
tween –2 and 0 SD is taken into account. Generally, pro-
vocative GH testing is only indicated when IGF-I Z-
scores are < 0 SD and other causes of low IGF-I values 
have been excluded. Here, there is a large group of sam-
ples with SD-NL above 0 SD while SD-BM is below 0 SD 
(Table 1; Fig. 2). For these patients, provocative GH test-
ing is not considered when the harmonized reference 
ranges are applied, while it is not rejected when the 
Bidlingmaier reference ranges are applied. At +2 SD, dif-

ferences between normative data are relevant during GH 
treatment. GH treatment is monitored by means of IGF-
I measurements, and dose reduction is advised when 
IGF-I Z-scores exceed +2 SD [6]. Based upon the discor-
dant results at +2 SD, dose reduction of GH is required 
less frequently when the Bidlingmaier reference ranges 
are applied. Importantly, we can only conclude that clin-
ically relevant differences are present between both nor-
mative datasets. It is not possible to conclude which of 
the normative datasets are better in clinical practice, as 
we only compared IGF-I Z-scores and did not take into 
account other parameters that are relevant for the diag-
nosis and treatment of GHD.

The most important reason for the observed differenc-
es in Z-scores between SD-NL and SD-BM is the differ-
ence in normative datasets (Fig. 3). Still, it is important to 
realize that the harmonization factor of 1.11 induces an 
additional difference in Z-scores. At –2 SD for example, 
the harmonization factor slightly increases the difference 
between SD-NL and SD-BM in males, as IGF-I results are 
multiplied by 1.11 before calculation of SD-NL, while this 
is not done for calculation of SD-BM. The harmonization 
factor causes the slight difference between SD-NL and 
SD-BM at –2 SD for females, as the normative datasets are 
virtually identical for females at –2 SD.
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Fig. 4. Comparison of the Elmlinger reference curves (solid lines) for IGF-I to the Bidlingmaier (dotted lines) and 
Dutch harmonized reference curves (dashed lines) in males (left) and females (right).
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The observed differences between SD-NL and SD-BM 
are relevant, but smaller than the differences that were ob-
served when the switch in IGF-I assay in our laboratory 
was implemented in 2013. The change in IGF-I assay from 
IMMULITE to iSYS was accompanied by a change from 
normative data reported by Elmlinger et al. to normative 
data of Bidlingmaier et al. The normative data from Elm-
linger et al. are very different from the normative data of 
Bidlingmaier et al., especially at 0–5 years and at 12–18 
years (Fig.  4). At 0–5 years, IGF-I values at –2 SD and  
+2 SD can be up to 100% higher for the normative dataset 
of Elmlinger et al. Also, IGF-I levels at the pubertal peak 
are 50–100% higher for the Elmlinger dataset. These dif-
ferences are only slightly reduced by the difference in im-
munoassay. It is known that the IMMULITE IGF-I assay 
reports higher IGF-I values than the iSYS assay. Bidling-
maier et al. compared both assays and found that IGF-I 
concentrations were approximately 20% higher on the 
IMMULITE assay [21]. Chanson et al. [16] derived nor-
mative data for both assays in adults and found that IGF-
I levels at +2 SD are 25–35% higher for the IMMULITE 
assay than for the iSYS assay. Interestingly, they observed 
a much smaller difference between both assays at –2 SD, 
implying that the bias might be nonlinear and dependent 
on the magnitude of IGF-I. Overall, these results demon-
strate that a switch from IMMULITE to iSYS, together 
with a switch in normative data from Elmlinger et al. to 
Bidlingmaier et al., was accompanied by a substantial in-
crease in IGF-I Z-score in pediatric males and females, 
especially between 0 and 5 years and around puberty.

Reliable IGF-I assays and well-derived normative data 
are crucial for the diagnosis and treatment of GHD in 
children. Still, significant differences in current commer-
cial IGF-I assays are present, even when manufacturers 
adhere to the recommendations of the Consensus Group 
on Standardization and Evaluation of GH and IGF-I as-
says [13]. For example, Chanson et al. [16] found a mod-
erate overall agreement between commercial IGF-I assays 
based on weighted kappa coefficients, while most assays 
were calibrated against the most recent IS 02/254 WHO 
reference standard. These differences between assays are 
not necessarily problematic and can be dealt with by us-
ing well-derived assay-specific reference ranges. Unfor-
tunately, IGF-I reference ranges are very difficult to es-
tablish due to the large number of subjects required as 
well as many other factors that influence IGF-I concen-
trations, such as ethnicity, nutritional status, body mass 
index, or medication. As a consequence, heterogeneity in 
the study population can significantly influence norma-
tive IGF-I levels. Varewijck et al. [17] compared IGF-I  

Z-scores based on normative data of the VARIETE co-
hort and normative data of Bidlingmaier et al. in GH-
deficient adults. Both Z-scores were derived from the 
same iSYS IGF-I assay. Interestingly, the mean Z-score 
using the VARIETE cohort was 1 SD lower than the mean 
Z-score based on the Bidlingmaier cohort. Most likely, 
the difference in selection criteria for subject inclusion in 
both cohorts is an important cause of the observed dis-
agreement. Participants in the VARIETE cohort were 
healthy French adult volunteers, selected by strict inclu-
sion and exclusion criteria, while subjects in the Bidling-
maier cohort were included based on different inclusion 
criteria from 12 different cohorts from Europe, Canada, 
and the United States. Considering the clinical conse-
quences of the observed differences, a thorough selection 
of subjects for the normative dataset seems pivotal.

Also for the pediatric reference ranges reported by 
Bidlingmaier et al., different cohorts were used that ap-
plied different inclusion criteria and were reported as eth-
nically diverse [21]. This might cause heterogeneity in  
the obtained reference ranges, and it can be questioned 
whether these reference ranges can be extrapolated to the 
Dutch population. This can only be answered by com-
parison to well-derived pediatric normative data based on 
a random selection of individuals of the background pop-
ulation determined with the iSYS assay. Unfortunately, 
pediatric reference ranges for IGF-I are even more diffi-
cult to establish than adult reference ranges due to the 
strong variation in IGF-I concentrations during child-
hood and puberty.

Harmonization can be a tool to reduce differences in 
test results for laboratory measurements that lack a refer-
ence measurement procedure [26, 27]. For example, har-
monization of GH measurements has proven to reduce 
between-laboratory variation and to improve compara-
bility in the confirmation of GHD by provocative GH 
testing [23, 28]. However, it is important to emphasize 
that the clinical decision point in provocative GH testing 
is a fixed, single cutoff. Harmonization of IGF-I results is 
much more complicated as clinical decision points vary 
significantly for age and sex and are present at both –2 SD 
and +2 SD. Considering the challenges that accompany 
the harmonization procedure of laboratory measure-
ments, including analytical specificity for the analyte and 
commutability of reference material [26], it is doubtful 
whether harmonization of IGF-I results based on a single 
multiplication factor is appropriate for the diagnosis and 
treatment of GHD in children. To the best of our knowl-
edge, there is no study that has demonstrated the applica-
bility of harmonized IGF-I results in clinical practice.
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We cannot conclude which of the two normative da-
tasets is most applicable in clinical practice. In our opin-
ion, both normative datasets have drawbacks that hamper 
optimal use of IGF-I measurements in the diagnosis and 
treatment of GHD in children. Well-derived pediatric 
normative data for the iSYS IGF-I assay are lacking and 
are, considering the clinical relevance, highly desirable. 
Analysis of IGF-I with mass spectrometry can circumvent 
some of the problems that are inherent to immunoassays, 
e.g., interference of IGF-binding proteins or cross-reac-
tivity of IGF-II [29, 30]. Mass spectrometry might be a 
promising technique to reduce variability in IGF-I analy-
sis and to improve standardization across platforms, pro-
vided that calibration procedures are harmonized [31]. 
The development of a robust IGF-I reference method is 
clinically relevant and should be the focus of future re-
search.

In conclusion, we compared IGF-I Z-scores in pediat-
ric patient samples using normative datasets from Bidling-
maier et al. and the IGF-I harmonization program in the 

Netherlands. In a substantial group of samples, clinically 
relevant differences were observed for the diagnosis and 
treatment of GHD. Both normative IGF-I datasets for the 
iSYS assay are very different from the normative dataset 
reported by Elmlinger et al. for the IMMULITE IGF-I as-
say, which is not explained by differences between both 
assays. Pediatricians and laboratory specialists should be 
aware of relevant differences that can exist between IGF-
I assays and normative data.
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