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Abstract

Objectives: Insulin-like growth factor-1 (IGF-1) is a peptide
hormone currently lacking data surrounding its pre-
analytical stability. This study aimed to investigate the
impact of delaying centrifugation and analysis at different
storage temperatures on the in vitro stability of IGF-1.
Methods: The study followed the Checklist for Reporting
Stability Studies (CRESS). Ten healthy, adult participants were
recruited to donate 40mL of blood each. Blood was collected
into serum separator tubes. Samples were aliquoted and split
into two main categories i.e., immediate centrifugation
(timepoint zero) and delayed centrifugation (by 8 and 24 h).
These categories were further subdivided into different
storage temperatures i.e., −20 °C, 4 °C, 20–25 °C and 30 °C. All
measurements were conducted in duplicate on a DiaSorin
LIAISON® XL (Via Crescentino snc, Saluggia, Italy). Analysis
occurred immediately after centrifugation (timepoint zero),
after 8, 24, 48, 72, 168 and 672 h in the respective categories.
The percentage deviation (PD) from baseline was calculated
and a maximum permissible difference of ≥10.7 % (based on
biological variation) was considered significant.
Results: In our study, IGF-1 was stable for at least 72 h
regardless of delay in centrifugation or storage temperature.
Samples that were refrigerated were stable until 168 h

(PD≤5.5 %) regardless of a delay in centrifugation. Samples
thatwere frozen at−20 °Cwere stable up to 672 h (PD−1.5 %).
Conclusions: IGF-1 is stable up to 72 h after sampling
regardless of delay in centrifugation or storage temperature.
Stability may be lengthened to 7 days by refrigerating at 4 °C.
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Introduction

Insulin-like growth factor-1 (IGF-1) is a polypeptide hormone
produced by the liver in response to human growth hormone
(hGH) stimulation. hGH displays significant diurnal variation
with apeakduringnon-rapid eyemovement sleep andanadir
upon waking [1]. IGF-1 mediates many of the actions of hGH
including cell growth, differentiation and proliferation in
both children and adults [2]. The clinical utility of IGF-1
measurement includes the screening of children with sus-
pected hGH deficiency and suspected hGH excess in both
children and adults [3–8]. Measurement of IGF-1 is preferred
to measurement of hGH since IGF-1 does not display diurnal
variation and sampling can occur at any time of day [7–9].

Current literature on the pre-analytical stability of IGF-
1 in humans is incomplete with the effects of delayed
centrifugation and storage at different temperatures not
adequately investigated [10–15]. IGF-1 may be subject to
delays in separation and analysis in any centre where
batched analysis occurs. Delays in centrifugation have been
found to have significant impacts on the stabilities of both
insulin and C-peptide which are peptide hormones with
structural homology to IGF-1 [16].

Stability and pre-analytical studies have been shown to
improve patient outcomes, decrease costs and increase cost-
effectiveness by guiding appropriate sample rejection.
Sample rejection, of any cause, often leads to recollection
with ensuing patient distress and delay in definitive treat-
ment [17–20]. To this end, the European Federation of Clin-
ical Chemistry and Laboratory Medicine’s (EFLM) Working
Group for the Pre-Analytical Phase (WG-PRE) has developed
a Checklist for Reporting Stability Studies (CRESS) [21]. The
CRESS includes comprehensive guidelines ranging from the
title of a stability study all the way to reporting findings. The
WG-PRE also published specific recommendations on the
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design of stability studies [22]. The WG-PRE has called for
more stability studies on all measurands [23].

Therefore, the aim of this study was to investigate the
effects of both delays in centrifugation and storage at various
temperatures on the in vitro concentration of serum IGF-1.
The study was conducted over a 28-day period (672 h) and
adhered strictly to the CRESS as well as the WG-PRE sup-
plementary guidelines [21, 22].

Materials and methods

Study design and participants

This single centre stability study was conducted during the
months of March and April 2024 at the National Health
Laboratory Service (NHLS) laboratory at Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH) in South Africa.

Ethics approval

The University of the Witwatersrand’s human research
Ethics Committee granted approval in accordance with the
Declaration of Helsinki (clearance certificate number
M230725-A-0005).

Study participants and sample type

Ten adults from the general population were recruited into
the study and bled in a single day. This number of partici-
pants was chosen as per the CRESS and is in keeping with
other stability studies [13, 16, 21, 22]. All consenting adults
were eligible for inclusion in the study. During recruitment
an attempt was made to have equal numbers of males and
females. The concentration of IGF-1 is dependent on agewith
lower concentrations at advanced years and higher con-
centrations in younger adults. In an attempt to obtain a
wider range of results, a previous publication on age-
stratified reference intervals was used as a guide to select
different age groups [25]. Exclusion criteria included those
below the age of 18 or persons on exogenous substances with
the potential to interfere with analysis (e.g., exogenous in-
sulin, growth hormone or anabolic steroids). The manufac-
turer, however, reports minimal to no interference from a
range of tested substances [24]. The concentration of IGF-1 is
not affected by feeding or fasting status and thus the par-
ticipants were not instructed to fast [26]. Participants
completed questionnaires which included medication and
exogenous substance histories which may interfere with

analyses. All participants provided written informed con-
sent prior to sampling.

IGF-1 is routinely measured in serum and thus only gel-
separated serum separator tubes (SSTs) were used [24]. Each
participant donated eight vials of blood into SSTs (BD
Vacutainer® Cat#3135066) which came to roughly 40mL per
participant. Phlebotomy occurred using evacuated tubes
and a sampling device from the same manufacturer. Sam-
ples were split into the categories as per Table 1.

Sample collection

Table 1 and Supplementary Figure 1 display the algorithm
covering sampling, centrifugation, storage, and analyses of
specimens. Centrifugation was done on a LABEX centrifuge
(United Scientific, Cape Town, South Africa) at 3,500 rpm for
10 min at room temperature.

Sample analysis

Baseline analysis (timepoint zero) occurred on the samples
whichwere centrifuged immediately (after a delay of 30 min
to allow blood to clot). All sampling and timepoint zero an-
alyses occurred on a single day. Subsequent analyses were
also conducted in co-ordinated runs and all runs were un-
dertaken by the same user to minimise sources of variation.
All analyses were batched and occurred on six distinct days
as per the individual time periods. After analysis at time-
point zero, samples were aliquoted into cryovials (Provetta
CryoGen®, 2 mL vials, LOT#11P049003) and stored at the
various temperatures as depicted in Table 1. Samples stored
at −20 °C and 4 °C were kept in a freezer and refrigerator
respectively. Samples kept at 20–25 °C, to emulate room
temperature, were stored in a cupboard subjected to tem-
perature monitoring. Samples kept at 30 °C were stored in a
warm bath with built-in monitoring. This temperature was
chosen tomimic what a samplemight experience in extreme
situations such as in rural clinics. Temperatures were
monitored with electronic thermistors which were cali-
brated and maintained as per their package inserts. Tem-
peratures were documented over the 28-day period. No
deviation more than 2 °C (positively or negatively) occurred
in any of the categories.

All analyses occurred on a DiaSorin LIAISON® XL (Via
Crescentino snc, Saluggia, Italy) which employs a heteroge-
nous electrochemiluminescent immunometric assay. The
assay employs murine monoclonal antibodies to quanti-
tively determine the concentration of IGF-1 in human serum.
Results are reported in µg/L from a limit of quantitation of 10
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up to 1,500 μg/L (end of linear range). The assay is traceable
to the 1st WHO International Standard for insulin-like
growth factor-1 (NIBSC code: 02/254) [24].

As per the CRESS and guidelines by theWG-PRE (Gómez-
Rioja et al. [22]), each sample was analysed in duplicate and
the average of the two results was used for data interpre-
tation to minimise analytical variation [21, 22]. None of the
aliquots required dilution. All aliquots were left at room
temperature for 20 min prior to analysis to allow frozen
samples to thaw and heated samples to cool down. Aliquots
were measured only once (in duplicate) and then discarded
to prevent added effects of the freeze-thaw cycle.

The same reagent lot number was used for all analyses
to prevent lot-to-lot variation (LIAISON® IGF-1 REF313231
LOT#214346).

Two concentrations of internal quality control (IQC)
samples (supplied by DiaSorin) were run before and after
each analytical run. Over the 28-day period, IQC was per-
formed twice a day on days when analyses occurred. Please
see Supplementary Figure 2 and Supplementary Table 1 for
additional details on IQC performance. Performance was
acceptable and demonstrated a between-run CV within
desirable EFLM biological variation analytical performance
specifications. The assay is enrolled in an external quality
assurance program (RIQAS, UKAS Proficiency Testing) and
has been performing acceptably. The laboratory where an-
alyses were performed is ISO 15189 accredited.

Statistical analysis

Results were extracted from the instrument and compiled
into a Microsoft Excel (Office 365, Microsoft Corp, Seattle,
WA, USA) spreadsheet. R statistical software (RStudio
version 2025.05.0 build 496) was used for all statistical ana-
lyses and generation of plots (packages included base R,

outliers and ggplot) [27]. Participant characteristics were
described with descriptive statistics.

As per the CRESS guidelines, the percentage deviation
(PD) was used to assess if a significant change had occurred
between baseline and subsequent analyses [22]. PD is
calculated as follows:

Percentage deviation = subsequant result – baseline result
baseline result

× 100

PD was deemed significant when it was more than the
product of biological variation and a factor which conforms
to minimal analytical performance specifications
i.e., multiply by 0.375 [13]. At the time of writing, the EFLM
biological variation database listed the biological variation
of IGF-1 as a within subject variation (CVI) of 9.4 % and a
between subject variation (CVG) of 27.0 % [28].

Maximal permissible difference = ̅̅̅̅̅̅̅̅

9.42 + 272
√

× 0.375
= 10.7 %

I.e., any PD≥10.7 % was deemed significant and this cut-off
was used as the maximal permissible difference (MPD).
Linear regression analysis was performed to determine the
instability equation:

PD = a × Time

where a is the slope of the equation. As per Gómez-Rioja et al.
[22], the regression analysis equation was forced through
zero [22].

The Shapiro-Wilk test was used to determine if data
followed a Gaussian distribution for each category. Grubbs’
test was used to detect outliers. Normally distributed data
were reported as mean with standard deviation (SD), while
non-normally distributed data were reported as median
with interquartile range (IQR). Additionally, the number of
samples crossing the MPD per category was also counted.

Table : Times of participant sample analysis.

Tube # Centrifuged Storage
temperature

 h Re-analysis

 h  h  h  h  h  h

Participant number  Left to clot for min Immediately − °C Baseline analysis ✓ ✓ ✓ ✓

  °C ✓ ✓ ✓ ✓

 – °C ✓ ✓ ✓ ✓

  °C ✓ ✓ ✓ ✓

  h delay  °C ✓ ✓ ✓ ✓ ✓

 – °C ✓ ✓ ✓ ✓ ✓

  h delay  °C ✓ ✓ ✓ ✓ ✓

 – °C ✓ ✓ ✓ ✓ ✓
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Figure 1: In vitro percentage deviation of IGF-1 from baseline when centrifuged immediately and stored at −20 °C. (A) Raw data from individual
participants (p01–p10) with mean line in black and 95 % CI shaded. (B) Instability equation with 95 % CI in shaded area. Individual dots represent
subsequent results at individual time points. MPD of ±10.7 % not displayed as this was the only category that demonstrated acceptable stability until
day 28.

Figure 2: In vitro percentage deviation of IGF-1 from baseline when centrifuged immediately and stored at 4 °C. (A) Raw data from individual participants
(p01–p10) withmedian line in black and 95 % CI shaded. (B) Instability equation with 95 % CI in shaded area. Individual dots represent subsequent results
at individual time points. MPD of ±10.7 % displayed as the red dashed horizontal lines.

Figure 3: In vitro percentage deviation of IGF-1 from baseline when centrifuged immediately and stored at 20–25 °C. (A) Raw data from individual
participants (p01–p10) with median line in black and 95 % CI shaded. (B) Instability equation with 95 % CI in shaded area. Individual dots represent
subsequent results at individual time points. MPD of ±10.7 % displayed as the red dashed horizontal lines.
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Absolute values with percentages were used to report cate-
gorical data. Subsequent analyses at each time interval in
their respective categories were compared to the baseline
analysis. Normally distributed data were subjected to the
paired t-test and non-normally distributed data were

subjected to theWilcoxon signed-rank test. A p-value of <0.05
was considered statistically significant. The PD for each
category was summarised as the mean or median of the
group according to whether the distribution was Gaussian
or not.

Figure 4: In vitro percentage deviation of IGF-1 from baseline when centrifuged immediately and stored at 30 °C. (A) Raw data from individual
participants (p01–p10) with median line in black and 95 % CI shaded. (B) Instability equation with 95 % CI in shaded area. Individual dots represent
subsequent results at individual time points. MPD of ±10.7 % displayed as the red dashed horizontal lines.

Figure 5: In vitro percentage deviation of IGF-1 from baseline when centrifuged after 8 h and stored at 4 °C and 20–25 °C. (A) Raw data from individual
participants when centrifuged after 8 h and stored at 4 °C. Themedian line is in black, and the 95 % CI is shaded. (B, D) Instability equation with 95 % CI in
shaded area. Individual dots represent subsequent results at individual time points. (C) Raw data from individual participants when centrifuged after 8 h
and stored at 20–25 °C. The median line is in black, and the 95 % CI is shaded. MPD of ±10.7 % displayed as the red dashed horizontal lines.
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Results

Participants

Supplementary Table 1 summarizes the participant details.
The 10 participants included five females. Ethnic distribu-
tions included one participant of South Asian, four of Afri-
can, and five of European ancestry. The median age was
32 years (IQR 28–44). None of the females reported being
pregnant at the time of sampling. None of the participants
reported use of exogenous substances which could poten-
tially interfere with analyses. None of the participants were
excluded. The median baseline IGF-1 concentration was
178.1 μg/L (IQR 139.3–192.9).

The total number of data points obtained was 798 which
included 400 samples analysed in duplicate. Only the first
category yielded normally distributed data while all other
categorieswere non-normally distributed and analysedwith
the appropriate statistical tests. The biggest percentage dif-
ference in duplicate analyses of a single pair was 9.6 %
(213.3 vs. 192.9 μg/L). This sample had centrifugation delayed
by 24 h and was stored at 20–25 °C. The mean percentage

difference of duplicate pairs was 2.7 %. Two of the samples
were insufficient for duplicate analysis (one sample where
centrifugation was delayed for 24 h with storage at 4 °C and
another sample delayed by 8 h and stored at 20–25 °C). For
these two samples only the singleton value was used.
Grubbs’ test did not identify any outliers and thus all 798
data points were used for statistical analysis.

Stability of IGF-1 (Table 2)

Immediate centrifugation

Stored at −20 °C (Figure 1)
None of these samples exceeded the MPD over the 28-day
period. The only statistically significant p-value was at 168 h
(p=0.01). This is the only category that displayed acceptable
stability throughout the whole experiment.

Stored at 4 °C (Figure 2)
These samples revealed acceptable stability up to day 7
(median PD 0.8 %, p=0.77, two samples crossed the MPD

Figure 6: In vitro percentage deviation of IGF-1 from baseline when centrifuged after 24 h and stored at 4 °C and 20–25 °C. (A) Raw data from individual
participants when centrifuged after 24 h and stored at 4 °C. Themedian line is in black, and the 95 %CI is shaded. (B, D) Instability equationwith 95 %CI in
shaded area. Individual dots represent subsequent results at individual time points. (C) Raw data from individual participants when centrifuged after 24 h
and stored at 20–25 °C. The median line is in black, and the 95 % CI is shaded. MPD of ±10.7 % displayed as the red dashed horizontal lines.
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negatively and one positively). The MPD was exceeded on
day 28 (PD −33.1 %, p<0.01, nine samples crossed the MPD
negatively). The instability equation predicts the time at
which the MPD was exceeded to be 230.6 h (day 9) (95 % CI
194.3–283.4 h).

Stored at 20–25 °C (Figure 3)
These samples demonstrated acceptable stability up to 72 h
(PD 7.4 %, p<0.01, two samples crossed the MPD positively).
Notably, the concentration of IGF-1 increased and exceeded
theMPDpositively on day 7 (PD 12.9 %, p<0.01, seven samples
crossed the MPD positively). On day 28 the median PD
was −27.3 % (p<0.01, nine samples crossed the MPD nega-
tively) and the instability equation predicts the MPD was
exceeded negatively at 358.4 h (day 14) (95 % CI 275.3–
513.4 h).

Stored at 30 °C (Figure 4)
These displayed acceptable stability up to day 7 (PD 8.2 %,
p<0.01, one sample crossed theMPD positively). TheMPDwas
exceeded on day 28 (PD −38.3 %, p<0.01, 10 samples crossed
the MPD negatively) and the instability equation predicts the
MPD was exceeded at 217.1 h (day 9) (95% CI 180.4–272.4).

Centrifugation delayed by 8 h (Figure 5)

Stored at 4 °C
This category also yielded acceptable stability up to day 7 (PD
3.1 %, p=0.77, two samples crossed the MPD negatively and
one positively). The MPD was exceeded on day 28
(PD −28.3 %, p<0.01, nine samples crossed the MPD nega-
tively) and the instability equation predicts the MPD was
exceeded at 267.1 h (day 11) (223.6–331.6).

Stored at 20–25 °C
Stability was maintained up to day 7 (PD 9 %, p-value<0.01,
four samples crossed the MPD positively). The MPD was
exceeded on day 28 (PD −27.5 %, p-value<0.01, nine samples
crossed the MPD negatively) and the instability equation
predicts the MPD was exceeded at 348.9 h (day 14) (273.1–
482.9).

Centrifugation delayed by 24 h (Figure 6)

Stored at 4 °C
This category demonstrated acceptable stability up to day 7
(PD 5.5 %, p=0.28, two samples crossed the MPD negatively
and four positively) and exceeded the MPD by day 28
(PD −24 %, p<0.01, seven samples crossed the MPD nega-
tively). The instability equation predicts that the MPD was
exceeded at 393.0 h (day 16) (296.4–585.7).

Stored at 20–25 °C
The final category displayed acceptable stability up to 72 h
(PD 8.4 %, p<0.01, four samples crossed the MPD positively)
and exceeded the MPD positively on day 7 (PD 12.4 %, p<0.01,
eight samples crossed the MPD negatively). The instability
equation predicts that the MPD was exceeded negatively at
343.0 h (day 14) (260.1–503.5).

Discussion

In this study we determined the short- and medium-term
in vitro stability of human Insulin Like Growth Factor-1
(IGF-1) with strict adherence to the Checklist for Reporting
Stability Studies (CRESS) [21].

Our results indicate that the concentration of IGF-1 in an
SST is stable for the first 72 h regardless of time to centrifu-
gation and/or storage temperature. Stability may be pro-
longed to 7 days when samples are stored at 4 °C, regardless
of whether samples experience delayed centrifugation or
not. Additionally, when samples were centrifuged after
allowing to clot for 30 min and then stored at −20 °C stability
was noted for at least 28 days. Except for samples that were
centrifuged immediately and stored at −20 °C, all categories
exceeded the MPD by day 28.

Previous studies evaluated the stability of IGF-1 in a
multitude of conditions. Zhou et al. [13] followed the CRESS for
65 analytes including IGF-1 analysed on DiaSorin over a 24-
hour period [13]. Similar to our study, theirMPD of 10.7 %was
based on EFLM biological variation. In contrast to our study,
they analysed in singleton. Zhou et al. found that the con-
centration of serum IGF-1 rose and exceeded the MPD posi-
tively in the first 24 h which is contrary to our results of a rise
in concentrations within the first 24 h but not exceedingMPD.
Studies prior to the publication of the CRESS did not have the
luxury of established guidelines which makes comparison
difficult [14, 15]. Hartog et al. [15] encountered an initial rise in
serum IGF-1 concentrations, whichwas not observed in EDTA
plasma, on an immunometric assay (Immulite, Siemens Di-
agnostics, LosAngeles CA, USA) [15]. They concluded that IGF-1
was stable in serum for 72 h and up to 7 days in EDTA plasma
at approximately 20 °C. Samples were collected from female
participants only. Elmlinger et al. [14] added aprotinin (a
protease inhibitor) to samples stored at 4 °C, 22 °C and 37 °C
and measured on an Immulite. They did not investigate the
effects of freezing and thawing samples. Aprotinin increased
the stability in heparinised whole blood but not in serum
samples. They concluded, similar to our findings, that IGF-1 is
stable in serum up to 72 h regardless of storage temperature
whenusing anMPDof 10 %. Theydid not explore the effects of
delayed centrifugation.
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An initial increase in IGF-1 concentration was observed
in our study as well as all the above-mentioned studies
[13–15]. Notably, all studies employed immunometric as-
says from two different suppliers. DiaSorin employs a ho-
mogenous murine monoclonal immunometric assay
whereas Immulite uses a heterogenous murine monoclonal
immunometric assay [24, 29]. The cause of this initial rise,
and any possible clinical significance, remains uncertain
and could be explained bymultiple factors. It is possible that
a compound within the matrix could be forming and cross
reacting with the immunoassays.

Of note is that statistically significant changes from
baseline occurred in all categories before 7 days exceptwhen
samples were immediately centrifuged and stored at
either −20 °C or 4 °C. Delaying centrifugation by 8 h or stor-
ing immediately centrifuged samples at more than 20 °C led
to statistically significant PDs from baseline, although they
did not exceed the MPD. Delays of more than 8 h may be a
reality as IGF-1 is commonly batched for analysis in cen-
tralised laboratories. Our own centre often receives unspun
samples around 8 h after collection. Furthermore, delaying
centrifugation by 24 h led to greater PDs when compared to
delays of 8 h. Although these did not exceed the chosenMPD,
they do highlight how selection of an appropriate MPD is
vital in identifying changes which carry clinical significance.
Using PD as the sole parameter to determine acceptability
may be inappropriate as it is a mean/median for all partic-
ipant results. Paired statistical analysis is effective at iden-
tifying statistically significant changes which may or may
not be clinically relevant. Similarly, the proportion of indi-
vidual samples crossing theMPDmay also be examined. This
approach may be useful in identifying increased variation
amongst individual samples within the larger group. For
example, more than half the samples that had centrifugation
delayed by 24 h and which were stored at 4 °C crossed the
MPD (two negatively and four positively) by day 7. However,
the median of the group was still within MPD, and the
p-value indicated that there was no statistically significant
change from baseline. Variability within a given group can
be assessed by reviewing the 95 % CI around the mean/me-
dian PD together with the proportion of individual samples
crossing the MPD. The current recommendation, as per the
CRESS, is that the mean/median PD should be used for
determining whether instability has been reached. Howev-
er, selecting pre-analytical conditions which result in the
least variability between individual samples is advisable.

Themajor strength of our study is the strict adherence to
CRESS and supplementary guidelines. We excluded con-
founding variables as much as possible by analysing in
duplicate, aliquoting into cryovials,maintaining the same lot

numbers across consumables and performing analysis with
the same user on the same days. Stability was tested over a
routine 7-day period, but we also extended our study to
28 days to allow for more data and thus more robust statis-
tical analysis. We explored the effects of different storage
temperatures and time to separation which may be impor-
tant factors in IGF-1 analysis. The results of our study may
prove useful in the development and implementation of
routine handling of IGF-1 in individual clinical laboratories.

Our study could have been further improved by
expanding the variables within the stability experiment.
Although our data set is robust, further analysis such as
testing on days 14 or 21, testing on fasted participants, testing
in plasma or on different platforms could have added to our
findings. Similarly, our participants included only healthy
adults, and our results may not apply to children or diseased
individuals. Our participant number was only 10 and a larger
groupmay have yielded results with greater statistical power.

Conclusions

IGF-1 is stable in vitro up to 72 h after sampling regardless of
delay in centrifugation or storage temperature. We recom-
mend analysing within 72 h whenever possible. Sample
stability may be lengthened to 7 days by refrigerating at 4 °C.
Our findings provide practical guidance on the pre-
analytical handling of IGF-1 which should prove true in
many settings. Although storage at −20 °C may provide sta-
bility up to 28 days this may not be necessary for routine
laboratories.
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