3 . N Sabbah, P Wolf et al. Reference values for IGF-1 ; 1027-1034
' Endocrine

W CONNECTIONS
RESEARCH
Reference values for IGF-l serum concentration
in an adult population: use of the VARIETE
cohort for two new immunoassays

Nadia Sabbah'2*, Peter Wolf'3*, Céline Piedvache? Séverine Trabado?®, Tristan Verdelet’, Catherine Cornu§,
Jean-Claude Souberbielle’ and Philippe Chanson(®' on behalf of the VARIETE Investigators

with 2 new immunoassays

TUniversité Paris-Saclay, Inserm, Physiologie et Physiopathologie Endocriniennes, Assistance Publique-Hopitaux de Paris, Hopital de Bicétre, Service
d’Endocrinologie et des Maladies de la Reproduction, Centre de Référence des Maladies Rares de I'Hypophyse, Le Kremlin-Bicétre, France

2Hopital de Cayenne, Service d'Endocrinologie et des Maladies Métaboliques, Cayenne, Guyane Francaise

3Division of Endocrinology and Metabolism, Department of Internal Medicine I, Medical University of Vienna, Vienna, Austria

4Assistance Publique-Hbépitaux de Paris, Hopital de Bicétre, Unité de Recherche Clinique, Le Kremlin-Bicétre, France

Université Paris-Saclay, Inserm, Physiologie et Physiopathologie Endocriniennes, Assistance Publique-Hopitaux de Paris, Hopital de Bicétre, Service de
Génétique Moléculaire, Pharmacogénétique et Hormonologie, Le Kremlin-Bicétre, France

Centre d'Investigation Clinique, INSERM CIC1407/UMR5558, Hospices Civils de Lyon, Bron, France

’Assistance Publique-Hbépitaux de Paris, Hopital Necker, Service d’Explorations Fonctionnelles, Paris, France

Correspondence should be addressed to P Chanson: philippe.chanson@bct.aphp.fr
*(N Sabbah and P Wolf contributed equally to this work)

Abstract

Objective: Measurement of IGF-1 is important in the management of patients with growth Key Words
hormone disorders. Here we aim to establish normative data for two new IGF-1 assay kits ~ » |GF-I

based on a large random sample of the French general adult population. » Z-score
Subjects and methods: We measured IGF-l in 911 healthy adults (18-90 years) with two » SDscore
immunoassays (ROCHE Elecsys® and IMMULITE-2000 calibrated against the new IS » normative data
02/2547). We compared the data with those of the six immunoassays (iSYS, LIAISON XL, » reference range
IMMULITE-2000 calibrated against the first IS 87/518, IGF-I RIACT, Mediagnost ELISA, » normal healthy population
and Mediagnost RIA) that we reported previously. The pairwise concordance among the > acromegaly
eight assays was assessed with Bland-Altman plots for both the IGF-1 raw data and the > growth hormone
standard deviation scores (SDS), as well as with the percentage of observed agreement deficiency

and the weighted Kappa coefficient for categorizing IGF-1 SDS (ClinicalTrials.gov Identifier:

NCT01831648).

Results: The normative data included the range of values (2.5-97.5 percentiles) given

by the two new IGF-1 assays according to age group and sex. A formula for the SDS
calculation is provided. As for the previous six assays, the lower limits of the reference
intervals of the two new assays were similar, but the upper limits varied markedly. The
pairwise concordances were only moderate (kappa 0.57).

Conclusions: Data obtained for these two new IGF-l immunoassays confirm that despite
being obtained in the same large healthy population, the reference intervals of the eight
commercial IGF-1 assay kits showed noteworthy differences. The agreement among the
various methods was moderate to good.
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Introduction

IGF-1 measurement is important for the diagnosis and
management of patients with growth hormone (GH)
deficiency or acromegaly as well as in their follow-up
(1, 2). We previously established normative data for six
IGF-I assays using the same large healthy population (3).
We, as well as others, also showed that there were some
discordances among the assays (3, 4), which could be
explained by several reasons, such as the pre-analytical or
analytical conditions, particularly thedissociation method
applied to the interaction between the IGF-I and IGF-
binding proteins. Another cause of the discordance could
be the calibration against different IGF-I preparations, but
this would normally not be the case, since, in 2011, the
Growth Hormone Research Society and the International
Society for IGF Research proposed standardizing the
calibration standard (WHO NIBSC 02/254) for all IGF-1
assay kits (the new standard used being 02/2547) (5). In
a cross-sectional study, we also measured IGF-I with the
same six immunoassays in 102 patients with active or
treated acromegaly or GH deficiency and observed marked
variability both across each individual’s IGF-I raw data
and across the IGF-I SDS values (6). The agreement among
the IGF-I assay methods was only moderate to good,
leading to the conclusion that the use of the same IGF-I
assay for a given patient throughout follow-up is highly
recommended.

The aim of the present study was to establish normative
data for two new commercial IGF-I assays in the same
large random sample of healthy subjects from the French
general population that we used in our previous study. This
cohort (VARIETE cohort) represents all adult age groups
(approximately 100 subjects per decade), as recommended
by the Consensus Group on the Standardization and
Evaluation of GH and IGF-I assays (5) after careful exclusion
of subjects with medical conditions or medications that
might affect their IGF-I concentration. The data were
analyzed to obtain the range (2.5-97.5 percentiles) in mass
units and the standard deviation scores, which were both
used to compare the two new assays and the six previously
reported assays.

Subjects and methods
IGF-1 assay characteristics

Two new immunoassays, the ROCHE Elecsys’ and
IMMULITE 2000, both calibrated against the new
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generation SI 02-254 (7), were used to measure the
IGF-I concentrations. Details concerning the six
IGF-I immunoassays (iSYS, LIAISON XL, IMMULITE
2000 calibrated against the old standard, IGF1 RIACT,
Mediagnost ELISA, and Mediagnost RIA) are provided in
our previous publication (3, 6). The main characteristics of
the two new assays and the mathematical models used to
determine the normative data, where relevant as provided
by the manufacturer, are shown in Table 1.

Healthy subjects

The subjects were part of a large cohort of healthy French
adults (VARIETE). The VARIETE cohort was an open,
prospective, national, multicenter, nonrandomized study
of healthy volunteers designed to establish normative data
for IGF-I and other hormones in the French general adult
population, representing all age groups (approximately
100 subjects per decade from 18 to 90 years), as reported
previously (3) (ClinicalTrials.gov Identifier: NCT01831648).
In brief, a total of 972 healthy subjects with BMI values
between 19 and 28 kg/m? were recruited, and serum
samples were obtained.

All healthy subjects gave their written informed
consent to participate in the study, which was approved
by the Paris-Sud Ethics Committee before beginning
the study.

Statistical methods

The distribution of IGF-I values obtained with each assay
was skewed and was thus first normalized by means of
sex- and age-specific Box-Cox power transformation. Men
and women had significantly different IGF-I levels; thus,
to calculate the SDSs, curves were constructed separately
using the LMS method, as described in detail previously
(3, 6). Pairwise concordance between assays was assessed
with scatter plots and Bland-Altman plots for both
the IGF-I raw values and the SDS values, as well as with
the percentage of observed agreement (total number
of agreements divided by the total number of patients
tested with both assays) and the linearly weighted Kappa
coefficient for categorized IGF-I SDS (8, 9). An overall
kappa coefficient (8) and Friedman’s test were computed
for global comparison of all assays at the same time.
Landis and Koch’s table was followed for interpretation
of the kappa values (10). SAS software was used for all
statistical analyses (Statistical Analysis System, version
9.4, SAS Institute).
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Results
Description of the population

As previously reported (3), the study population consisted
of 911 subjects (470 males), comprising 101, 118, 99,
98, 103, 102, 108, 97, and 85 subjects in the 18-20,
21-23, 24-26, 27-29, 30-39, 40-49, 50-59, 60-69, and
70-89 year age groups, respectively. Their mean BMI was
23.0 £ 2.4 kg/m>.

IGF-l reference intervals obtained with the new
IMMULITE 2000 and ROCHE Elecsys® assays

The IGF-I reference intervals (2.5-97.5th percentiles)
obtained with the two new immunoassays (Immulite
2000 and ROCHE FElecsys’) are shown in Table 2 according
to age and sex, along with the intervals of the six other
immunoassays tested in the same healthy population.
Individual points and fitted percentiles (2.5, 50, and 97.5%)
for men and women for both IGF-I assays are depicted
in Supplementary Fig. 1 (see section on supplementary
materials given at the end of this article).

A calculator available online (http://ticemed_sa.upmc.
fr/sd_score/) or by using the apps (IGF-I SD_score)
downloadable for Android from Google Play and iOS from
Apple Store (free of charge) allows us to obtain individual
IGF-I SDS after entering the name of the assay, the
individual IGF-I value obtained with the assay, and the sex
and age of the individual.

The reference intervals for men and women for the two
new assays, together with those of the six assays previously
reported, are plotted on the same graph in Fig. 1. Although
thelower limits of the reference intervals (2.5th percentiles)
were quite similar, the upper limits (97.5th percentiles)
varied markedly from one assay to another.

Comparison of the IGF-I levels given by the eight
IGF-l immunoassays

The results obtained with each IGF-I assay were compared
with those obtained with each of the other seven assays.
Scatter plots and Bland-Altman plots based on the raw
values and SDS for each pair of assays are shown in
Supplementary Fig. 1. Figure 2 illustrates an example of
good concordance (iSYS vs ROCHE Elecsys’), as shown by
scatter plots and Bland-Altman plots of the raw values and
SDS values (A-D), and an example of poor concordance
(iSYS vs the new IMMULITE 2000) (E-H).

The concordance analysis among the eight assay
kits assessed by the weighted kappa is given in Table 3.

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-21-0175

© 2021 The authors
Published by Bioscientifica Ltd

This work is licensed under a Creative Commons
@ @ @ Attribution-NonCommercial 4.0 International License.


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-21-0175
https://ec.bioscientifica.com

¢ Endocrine N Sabbah, P Wolf et al.

W CONNECTIONS

Reference values for IGF-1
with 2 new immunoassays

10:9 1030

Table2 Normative reference intervals (95% Cl) of IGF-1 measured by eight assay methods according to age range and sex in a

cohort of 899 healthy subjects.

IMMULITE
ROCHE new
LIAISON XL IMMULITE IGF-I-RIACT Mediagnost Mediagnost RIA  Elecsys® standard
iSYS IGF-1 1GF-1 2000 IGF-1 1GF-1 (ng/mL) ELISA IGF-1 IGF-1 (ng/mL) 1GF-1 IGF-1 (ng/mL)
Agerange n (ng/mL)95% (ng/mL)95% (ng/mL)95% 95% (ng/mL) 95% 95% (ng/mL) 95% 95%
Males (years)
18-20 56 168-391 186-453 195-537 197-486 177-400 168-430 173-395 117-295
21-23 61 147-346 168-411 171-477 173-430 159-388 150-337 152-350 105-266
24-26 53 132-313 153-377 152-430 155-389 144-355 135-308 136-317 96-243
27-29 49 122-292 142-351 138-396 143-363 133-331 126-289 125-294 89-227
30-39 56 108-265 124-310 118-348 127-329 115-295 112-265 110-263 80-206
40-49 51 91-233 106-271 98-301 107-286 98-261 97-237 92-229 70-184
50-59 54 81-214 97-252 85-273 94-262 88-245 86-218 82-210 61-164
60-69 49 75-208 92-245 77-260 87-250 80-237 82-214 76-202 56-154
70-89 34 64-192 80-220 66-242 75-231 71-233 72-200 65-182 52-145
Females (years)
18-20 41 155-421 191-483 180-586 169-517 169-487 161-412 162-419 102-324
21-23 54 144-383 176-448 166-541 159-476 156-446 149-379 149-384 101-304
24-26 45 134-353 163-418 153-501 150-440 144-412 139-353 138-354 98-286
27-29 48 126-330 152-391 142-467 142-410 134-385 131-332 128-329 95-272
30-39 47 113-294 131-345 121-403 126-356 118-341 118-298 112-286 86-243
40-49 50 97-253 109-296 98-331 107-297 100-296 103-258 94-242 72-203
50-59 54 80-209 93-253 80-271 90-247 82-248 97-220 77-203 59-165
60-69 47 64-170 84-222 68-227 76-209 68-208 75-190 66-174 50-140
70-89 50 56-154 81-204 60-188 67-189 60-187 68-175 59-159 50-134

The average concordance among the assays was only
moderate, and the overall weighted kappa was 0.57.

Discussion

Here, we report sex-specific reference intervals for IGF-1
concentrations for two newly developed immunoassays,
that is, the ROCHE Elecsys’ and the new IMMULITE
2000 calibrated against the new SI 02/2547 in a large
representative sample of a healthy French population aged
between 18 and 90 years. By strictly adhering to the latest
consensus statement on the requirements for GH and
IGF-1 assays of the Growth Hormone Research Society, the
IGF Society, and the International Federation for Clinical
Chemistry and Laboratory Medicine (5), our data add
important knowledge to the interpretation of these new
IGF-1 immunoassays.

The accurate and reliable detection of IGF-1
concentrations is indispensable for the diagnosis of
GH-related disorders, as well as for the therapeutic
management of individual patients (1, 2). However, there
isalarge variability in the reference ranges of commercially
available IGF-1 assays, especially in the upper limits of
the reference range, which is reflected by only moderate
average concordance, which could be found in our study

by comparing all eight immunoassays with each other.
These variations in assay agreement were independent of
the use of mass units or SD scores. This discordance might
have important implications for clinical practice. This
does not mean that an assay is better than another, which
cannot be indicated by this study, this only means that the
use of different IGF-1 assays for a single patient might affect
treatment decisions and dose adjustments in children and
adults, especially when IGF-1 levels are borderline (6, 11).

Establishing reference intervals for IGF-1 is complex.
Indeed, the reference intervals vary according to age,
especially during growth and adolescence, where
differences are marked according to the pubertal stage, with
an elevation during the child’s growth (12) and conversely
a decrease in adulthood (13). They also vary according to
sex (14) and ethnicity (15, 16). Insulin resistance (17) and
diabetes (18) regardless of obesity (19) also modify IGF-1
levels, even in acromegalic patients (20), as do nutritional
disorders (21), renal failure, and hepatic insufficiency (22).
Moreover, drugs such as estrogens can also alter IGF-1
levels (23). Thus, the use of a representative cohort of
healthy subjects with stringently defined inclusion and
exclusion criteria is necessary to avoid interference by any
underlying comorbidities.

The strength of our study is that we compared all eight
available immunoassays within the same large population
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Figure 1

Reference intervals (upper panel, males; lower panel, females) according
to the age intervals of the eight immunoassays tested. Lower limits

(2.5th percentile) and upper limits (97.5th percentile) of the normal range
are drawn as full lines and medians as dotted lines. Each assay has a
different color.

of healthy individuals of the VARIETE cohort (3), a sample
that reflected all age groups and strictly excluded patients
with concomitant medication or underlying disease
potentially interfering with IGF-1 measurements. The
use of this representative control group also enabled us to
compare the concordance among the different assays and
to analyze the interassay variability for the same individual
patient.

A comparison of the two new assays with the iSYS
IGF-1 assay was performed (Fig. 2) since this assay is
widely used in clinical practice and was the first one
commercially available. Normative data in a very large
healthy population of all classes of age that strictly
adhered to the latest consensus criteria have been
previously published (24). Whereas the concordance with
the ROCHE Elecsys’ assay was good, a distinct discrepancy

Reference values for IGF-1
with 2 new immunoassays

with the new IMMULITE 2000 could be found. The 2.5th
and 97.5th percentiles with the new IMMULITE 2000 kit
calibrated against the recommended standard (02/254)
were generally lower than those found with the other
assays, especially as compared to the previous IMMULITE
2000 (old calibration). Nevertheless, one can underline
that calibration against the new standard (WHO NIBSSC
02/254) only plays a minor role in reported discordances
among IGF-I assays.

Of note, compared to the reference intervals for the
iSYS IGF-1 assay reported in the study by Bidlingmaier
et al. (24), minimal differences in the 2.5th and 97.5th
percentiles, as well as in the intervals, were observed for the
same assay in our study, which we have already reported
(3). The most likely explanation for these slight variations
might be the strict exclusion of underlying comorbidities
and factors interfering with IGF-1 in our cohort, including
a detailed clinical examination with the assessment
of gonadal status and a careful history of potentially
confounding medications. In addition, inherent statistical
limitations of the LMS method used for the calculation
of normative age-specific data were recently suggested to
partly contribute to the observed disagreement of assay-
specific reference levels (25).

Despite the fact that all assays except IMMULITE 2000
(old calibration) and IGF RIACT were calibrated against the
same recommended standard and that most of the assays
use automated methods for analysis, distinct variations in
the reference intervals could be observed. It is, therefore,
likely that other analytical factors, such as interference
with high-affinity IGFBPs, might play an important role
in explaining the interference in the detection of IGF-1
(26). Differences in the efficacy of removing IGFBP might
explain the discordance among the assays, especially
in the upper normal range. This might be relevant,
although all of the assays use similar techniques to avoid
IGFBP interference, including the same non-competitive
'sandwich' format and the addition of IGF-2 (27). We did
not test for stability of the VARIETE samples for IGF-I when
stored during along period which could theoretically affect
differently matrix effects of immunoassays and thus lead
to discrepant results. In fact, this issue has been previously
studied showing excellent stability of frozen serum levels
of IGF-I when measured by different immunoassays using
the same methodology of ours (28, 29). In the future,
liquid chromatography (LC) tandem mass spectrometry
(MS) might offer a promising technique to overcome the
impact of binding proteins (30, 31). LC-MS has already
been reported to offer an independent method for the
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Figure 2

Comparisons between iSYS and ROCHE Elecsys® expressed as scatter plots (A) or Bland-Altman plots (B) for raw data, or scatter plots (C) and Bland-
Altman plots (D) for SDS showing a good overall agreement between both immunoassays, with no significant bias. Comparisons between iSYS and
Immulite new calibration expressed as scatter plots (E) or Bland-Altman plots (F) for raw data, or scatter plots (G) and Bland-Altman plots (H) for SDS

showing a bad overall agreement between these two immunoassays.

assessment of IGF-1 in patients with acromegaly (32),
with acceptable imprecision between different laboratories
(33). However, reference values for IGF-1 obtained by
LC-MS seem to be similar to those found by the use of
immunoassays (34). Additionally, currently, LC-MS is a
complex, time-consuming, and expansive method, and
immunoassays have their place in routine clinical care.

In conclusion, our study provides reference intervals
for two new immunoassays. We also demonstrated a
significant variance in the reference values for IGF-1

using eight different commercially available and widely
used immunoassays despite all of them being tested on
the same large representative healthy population. Our
findings highlight the importance of caution in the
interpretation of IGF-1 concentrations obtained with
different assays, especially in the upper reference range,
since the agreement among the assays is only moderately
independent of the use of mass units or SD scores. If
possible, patients with GH disorders should be monitored
by the same IGF-1 assay.

Table 3 Agreement of each IGF-1 assay method against each of the others, with the two new kits IMMULITE (new standard) and

ROCHE expressed as weighted Kappa.

Mediagnost IMMULITE ROCHE
LIAISON XL iSYS IMMULITE 2000 ELISA Mediagnost RIA IGF1-RIACT New standard Elecsys®
Liaison XL - 0.49 0.50 0.47 0.38 0.48 0.38 0.50
iSYS 0.49 - 0.64 0.61 0.70 0.64 0.55 0.75
IMMULITE 2000 0.50 0.64 - 0.61 0.58 0.64 0.65 0.64
Mediagnost ELISA 0.47 0.61 0.61 - 0.59 0.53 0.55 0.61
Mediagnost RIA 0.38 0.70 0.58 0.59 - 0.48 0.49 0.68
IGF1-RIACT 0.48 0.64 0.64 0.53 0.48 - 0.55 0.62
IMMULITE New 0.38 0.55 0.65 0.55 0.49 0.55 - 0.56
standard
ROCHE Elecsys® 0.50 0.75 0.64 0.61 0.68 0.62 0.56 -
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