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Abstr act

C-peptide is an increasingly used and established marker for 
beta cell function by assessing endogenous insulin secretion. 
Accurate and comparable C-peptide measurements are need-
ed in clinical practice and research studies. For example, to 
calculate HOMA-indices, the C-peptide/glucose ratio, and the 
classification of recently published novel subgroups of diabetes 
and prediabetes have used C-peptide measurements. Although 
the process for standardization of C-peptide measurements is 
advanced, its full implementation is still missing; therefore, the 
current status of the comparability of C-peptide measurements 
using different immunoassays is unclear. Here we compared 
five widely used C-peptide immunoassays on different analyz-
ers (Abbott ALINITY i, DiaSorin Liaison XL, Roche Cobas e411, 
Siemens Healthineers ADVIA Centaur XPT, and Immulite 2000 
XPi) using serum samples covering the clinically relevant C-
peptide concentration range. Although all investigated immu-
noassays are traceable to the international reference reagent 
for C-peptide (NIBSC code: 84/510), results of C-peptide meas-
urements showed significant differences between analyzers in 
the entire concentration range, especially with increasing C-
peptide concentrations. The mean bias was largest (36.6 %) 
between results of the immunoassays by Roche and Siemens 
Healthineers (ADVIA Centaur XPT), and both assays revealed 
large discrepancies compared to immunoassays by Abbott, 
DiaSorin, and Siemens Healthineers (Immulite 2000 XPi). In 
contrast, the three latter assays showed similar C-peptide re-
sults (mean bias: 2.3 % to 4.2 %). Consequently, C-peptide dis-
crepancies might affect clinical diagnosis and the interpretation 
of study results. Therefore, there is an urgent need to imple-
ment and finalize the standardization process of C-peptide 
measurements to improve patient care and the comparability 
of research studies.
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Introduction
C-peptide is a 31 amino acids polypeptide secreted by pancreatic 
beta cells into the circulation in equimolar amounts to insulin. In 
contrast to insulin, C-peptide exhibits a prolonged biological half-
life; therefore, its plasma concentrations are higher compared to 
insulin [1]. In clinical routine, C-peptide measurements are used to 
assess endogenous insulin secretion, to distinguish between type 
1, type 2, and other specific types of diabetes, and for differential 
diagnosis of fasting hypoglycemia [1–4]. C-peptide is also used for 
the calculation of HOMA (homeostatic model assessment) indices 
(e. g., HOMA-2B or HOMA-IR), i. e., for estimating insulin secretion 
and insulin resistance, especially in patients on insulin therapy. 
Using C-peptide measurements, these indices are necessary for the 
classification of novel subgroups in diabetes and prediabetes [5, 6]. 
C-peptide measurements are also useful for assessing the insulin 
secretion capacity and therapeutic consequences in patients with 
diabetes, as proposed by the recently published C-peptide/glucose 
ratio [7]. Furthermore, preserved C-peptide concentrations are as-
sociated with lower complication rates in type 1 diabetes; the meas-
urements of C-peptide is used as the primary outcome for clinical 
trials of novel type 1 diabetes therapies [8–10].

To reliably evaluate circulating C-peptide concentrations in daily 
practice, clinical trials, and research studies, a prerequisite is that 
results of different C-peptide immunoassay measurements should 
be comparable, i. e., C-peptide immunoassays are standardized 
[11]. In general, the following assumptions are needed to achieve 
standardization of a measurand: the biomarker has a well-defined 
molecular composition, and measurement results are traceable to 
a primary reference material using a reference management sys-
tem [12]. Since the molecular composition of C-peptide is well-de-
fined and a traceability chain for the standardization process has 
been proposed, standardization of C-peptide immunoassays can 
be achieved [13]. During the last decades, much efforts was made 
to standardize C-peptide immunoassays; more than three decades 
ago, the first international reference reagent (IRR) for human C-
peptide (NIBSC code: 84/510) was established, and reference meth-
ods for the reliable and accurate measurement of C-peptide con-
centrations were published [14–18].

Since to which extent this system has been implemented is not 
known, the aim of the study was to investigate the current status 
of the comparability of C-peptide immunoassays by comparing the 
results of C-peptide measurements of the most widely used immu-
noassays. Furthermore, the impact on clinical decisions and inter-
pretation of clinical trials and research studies is elaborated here, 
and the current status and efforts of the C-peptide standardization 
process are discussed.

Materials and Methods

Study design and sample material
The study was conducted as part of a quality control measurement 
approach at the Institute for Clinical Chemistry and Pathobiochem-
istry of the University Hospital Tübingen, Germany. Serum samples 
from clinical routine were randomly selected, and each sample was 
divided into at least five identical aliquots and immediately stored 
at –80 °C. All aliquots were completely anonymized and labeled 

with ongoing codes. All procedures were in accordance with the 
declaration of Helsinki and its later amendments and have been 
approved by the local ethics committee (project number 
113/2014BO1).

C-peptide immunoassays
For comparison of C-peptide immunoassays, five different immu-
noanalyzer platforms were used in the study (▶Table 1). C-peptide 
measurements were performed using the ADVIA Centaur XPT and 
the Immulite 2000 XPi (both from Siemens Healthineers, Eschborn, 
Germany) and the Cobas e411 (Roche Diagnostics, Mannheim, Ger-
many) in the central laboratory of the Institute for Clinical Chemi
stry and Pathobiochemistry of the University Hospital Tübingen. 
Measurements using the Liaison XL (Diasorin, Dietzenbach, Ger-
many) and the ALINITY i (Abbott, Wiesbaden, Germany) were per-
formed at the MVZ Labor Ludwigsburg, Germany and the Institute 
of Laboratory Medicine at the Vinzenz von Paul Kliniken Stuttgart, 
Germany, respectively. All measurements were performed between 
August 2021 and October 2021.

Statistical analysis
Results from C-peptide immunoassays were converted and report-
ed in SI units (1 μg/L = 0.331 nmol/L). Method comparison was con-
ducted using Passing-Bablok regression analysis and Bland-Altman 
plots. Mean biases obtained by Bland-Altman analysis were report-
ed as  % difference as follows: (result of method B – result of me
thod A)/average vs. average. Analyses were performed, and figures 
were created using GraphPad Prism 9.1.2 software.

Results
A total of 50 serum samples were used for the comparison of five 
commercially available and widely used C-peptide immunoassays 
(▶Table 1). C-peptide measurement results ranged from 0.16–
6.23 nmol/L depending on the investigated immunoassay. Accord-
ing to the German external quality assessment survey (report 
05/2022 from INSTAND e.V.) the majority of all participating labo-
ratories (94 %) are using one of these assays. Among them, the 
Roche C-peptide assay is the most widely used method (n = 101 of 
191 participating laboratories). The C-peptide immunoassays from 
DiaSorin (n = 29), Abbott (n = 22), Siemens Healthineers ADVIA Cen-
taur XPT/Atellica (n = 13), and Siemens Immulite (n = 14; former 
DPC Biermann) were used by a smaller number of laboratories in 
the same period. At the time of the study, all immunoassays were 
calibrated against the World Health Organization (WHO) interna-
tional reference reagent (NIBSC code: 84/510).

▶Fig. 1 shows the results of C-peptide measurements using the 
aforementioned immunoanalyzers separated by single specimens. 
Substantial differences between immunoassays were observed in 
the entire concentration range, especially with increasing C-pep-
tide concentrations. Since the majority of the participating labora-
tories in the external quality assessment use the Roche C-peptide 
immunoassay, Passing-Bablok analyses were conducted using the 
Roche C-peptide assay in comparison to the other C-peptide im-
munoassays. Linear associations were observed for all comparisons 
(R2 > 0.97; see ▶Fig. 2). Using Bland-Altman analysis to determine 
the mean bias between C-peptide immunoassays, the largest 
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difference (ADVIA Centaur XPT – Roche Cobas e411: mean bias 
–36.6 %; ▶Table 2) was observed between C-peptide assays from 
Siemens Healthineers (ADVIA Centaur XPT) and Roche. The Sie-
mens Healthineers ADVIA Centaur XPT assay also revealed lower 
C-peptide concentrations in comparison to the assays from Abbott 
(-20.3 %), DiaSorin (19.1 %), and Siemens Healthineers (Immu-
lite;  − 24.4 %). The Roche Cobas e411 assay showed higher C-pep-
tide concentrations compared to Abbott (16.3 %), DiaSorin (18.6 %), 
and Siemens Healthineers Immulite (13.3 %). C-peptide assays by 
Abbott, DiaSorin, and Siemens (Immulite) exhibited a similar per-
formance (mean biases < 5 %).

Discussion
In the present study, the current status of the comparability of the 
most widely used C-peptide immunoassays was compared. Sub-
stantial differences were found between different C-peptide im-
munoassays suggesting that the results of C-peptide measure-

ments cannot be used interchangeably. Of note, assay discrepan-
cies might directly affect the interpretation of C-peptide results 
and, therefore, impact clinical diagnosis and the evaluation of clin-
ical trials and research studies.

The study investigated five widely used and commercially avail-
able C-peptide immunoassays using clinical samples covering the 
clinically relevant concentration range. Method comparison 
showed a linear association among C-peptide immunoassays of all 
manufacturers. However, focusing on the agreement of different 
immunoassays, C-peptide results measured by immunoassays from 
Siemens Healthineers (ADVIA Centaur XPT) and Roche (Cobas 
e411) showed large discrepancies in the low as well as high con-
centration range. Results obtained by C-peptide immunoassays 
from Abbott (ALINITY i), DiaSorin (Liason XL), and Siemens Health-
ineers (Immulite 2000 XPi) were similar. There are only a few re-
ports of studies comparing the results of different C-peptide im-
munoassays. In line with the presented results, a study by Wied-
meyer showed substantial between-laboratory variabilities for 
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▶Table 1	 Analyzers and immunoassays used for C-peptide measurements in the study.

Platform/Analyzer ALINITY i ADVIA Centaur XPT Cobas e411 Immulite 2000 XPi Liaison XL

Manufacturer Abbott Siemens Healthineers Roche Diagnostics Siemens Healthineers DiaSorin

Technology CLIA CLIA ECLIA CLIA CLIA

Traceability of 
Calibrators

WHO IRR 
84/510

WHO IRR 84/510 WHO IRR 84/510 WHO IRR 84/510 WHO IRR 
84/510

Limit of Quantification/
Detection *  (LoQ, 
nmol/L)#

0.03 0.02 0.05 0.03 *  0.03

Reference interval#, 
nmol/L

0.26–1.73 0.27–1.27 0.37–1.47 0.30–2.35 0.26–1.39 

# according to the manufacturer. Abbreviations: CLIA: chemiluminescence immunoassay; ECLIA: electrochemiluminescence immunoassay;  
IRR: international reference reagent; WHO: World Health Organization
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▶Fig. 1	 Comparison of C-peptide measurements. Shown are results of C-peptide measurements (in nmol/L) separated by specimens using five 
widely used immunoassays.
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C-peptide measurements [19]. This study was performed about 
fifteen years ago and demonstrated that normalization of C-pep-
tide results using commutable sample calibrators modestly reduc-
es assay discrepancies. However, this approach is ineffective for 
comparison of clinical trials, indicating the need for timely stand-
ardization of C-peptide measurements. In a recent study by Zhou 
et al., C-peptide immunoassays from Abbott, Roche, and Siemens 
Healthineers showed similar discrepancies [20]. They used pooled 
serum samples and compared C-peptide results between 94 labo-
ratories in China. The analytical performance of the investigated 
assays was satisfactory, but they also found substantial differences 
between immunoassays and concluded, in line with the present re-
sults, that still much effort has to be done to standardize C-peptide 
measurements.

All C-peptide immunoassays investigated in the present study 
were calibrated against the first international reference reagent 
(IRR, NIBSC code: 84/510) at the time of the study. This standard 
was established more than 30 years ago and has been used by the 
manufacturers for direct calibration of their immunoassays. Since 
2017, the first international WHO C-peptide standard (NIBSC code 
13/146) is available; it was established using more accurate meth-
ods compared to the preparation of the IRR [21]. The IRR 84/510, 
as well as the WHO standard 13/146 contain purified human C-pep-
tide. In an international comparison study, both standards showed 
reasonable agreement between laboratories [21]. The stocks of 
the IRR 84/510 are exhausted; thus, the WHO standard 13/146 will 
replace the IRR. However, the reference management system for 
the international WHO standard 13/146 using the primary refer-
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▶Fig. 2	 Regression analysis of C-peptide immunoassays. Passing-Bablok regression analyses were conducted using the measurement results of the 
Roche C-peptide immunoassay in comparison to the C-peptide measurement results by Abbott, DiaSorin and Siemens Healthineers.

▶Table 2	 Comparison of C-peptide immunoassays. Shown are the mean biases obtained by Bland-Altman analysis. Results are expressed in percentage 
and read as follows (example): C-peptide concentrations obtained using the Abbott ALINITY i immunoassay are higher (mean bias:  + 20.3 %) compared to 
the average concentrations of the Siemens ADVIA Centaur XPT and the Abbott ALINITY i C-peptide immunoassays.

Abbott  
ALINITY I vs.

Siemens ADVIA 
Centaur XPT vs.

Roche Cobas 
e411 vs.

Siemens Immulite 
2000 XPi vs.

DiaSorin 
Liaison XL vs.

Abbott ALINITY i –  − 20.3 %  + 16.3 %  + 3.8 %  − 2.3 %

Siemens ADVIA Centaur XPT  + 20.3 % –  + 36.6 %  + 24.4 %  + 19.1 %

Roche Cobas e411  − 16.3 %  − 36.6 % –  − 13.3  − 18.6 %

Siemens Immulite 2000 XPi  − 3.8 %  − 24.4 %  + 13.3 % -  − 4.2 %

DiaSorin Liaison XL  + 2.3 % – 19.1 %  + 18.6 %  + 4.2 % -
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ence material directly for calibration of the immunoassay is the 
same as for the IRR 84/510, which was demonstrated to be ineffec-
tive in improving comparability between C-peptide immunoassays 
[19]. In parallel to these efforts, another primary reference mate-
rial has been established by the National Metrology Institute of 
Japan (NMIJ; CRM 6901-b) recommended by the international C-
peptide standardization committee as primary reference material 
for a recently proposed and modified reference management sys-
tem [13, 22]. This reference management system uses commuta-
ble matrix-based reference materials for the calibration of immu-
noassays by manufacturers. The use of matrix-appropriate second-
ary reference materials (frozen serum samples) was demonstrated 
to substantially improve measurement results among methods 
[13]. However, these ongoing parallel efforts lead to confusion 
among the manufacturers and clinical laboratories. Furthermore, 
from the perspective of a manufacturer, regulatory issues regard-
ing the re-calibration of C-peptide immunoassays have to be con-
sidered that can vary significantly among countries [23]. To im-
prove efforts by the manufacturers and clinical laboratories for the 
standardization process, the incorporation of standardization re-
quirements for C-peptide immunoassays in clinical guidelines may 
be of great importance.

Recognizing the increasing importance of C-peptide measure-
ments, the presented discrepancies among C-peptide immunoas-
says impact clinical diagnosis and comparability of study results. 
The recently proposed C-peptide/glucose ratio (CGR; both in the 
fasting state) as a marker for the insulin secretory capacity was es-
tablished from a large cohort of patients with newly diagnosed or 
known type 2 diabetes [7]. In contrast to the complex determina-
tion of HOMA indices, the CGR can be easily obtained and is, there-
fore, a useful parameter in clinical practice. The ratio is suggested 
to guide treatment decisions for patients with type 2 diabetes, es-
pecially to evaluate if there is a need for insulin treatment. For the 
calculation of these cut-offs, the C-peptide immunoassay from Sie-
mens Healthineers (ADVIA Centaur XPT) was used. Considering the 
present study results, it can be assumed that there will not be en-
tirely negligible differences in the calculated CGR when using dif-
ferent C-peptide immunoassays. The largest difference was found 
between the Roche Cobas immunoassay and the ADVIA Centaur 
XPT, potentially affecting therapy decisions based on the CGR cut-
offs. Whether these differences actually affect the outcome of dia-
betes patients have to be investigated in further studies. Moreover, 
the proposed novel diabetes subgroups by Ahlqvist et al. and also 
the prediabetes subphenotypes proposed by Wagner et al. use HO-
MA-indices for the subgroup stratification [5, 6]. Since C-peptide 
measurements were used for HOMA calculations, the present re-
sults indicate that the choice of the C-peptide immunoassay might 
affect the subgroup stratification. There are several variables in-
cluded in the stratification of the subgroups and, therefore, the im-
pact of C-peptide differences for a single patient is unclear. How-
ever, the use of different C-peptide immunoassays at different study 
sites clearly affects the comparability of study results. Furthermore, 
C-peptide is also an important parameter in type 1 diabetes. It is 
used in clinical trials as endpoint in the immunomodulatory thera-
pies for type 1 diabetes and also as a prognostic marker for type 1 
diabetes-related complications [8–10]. For example, the response 
to teplizumab, an anti-CD3 antibody that can delay progression to 

type 1 diabetes in high-risk subjects, is greater in subjects with 
lower C-peptide concentrations during an oral glucose tolerance 
test compared to subjects with higher concentrations [8]. In the 
Scottish Diabetes Research Network Type 1 Bioresource (SDRN-
T1BIO), cohort it was demonstrated that residual C-peptide con-
centrations could improve clinical outcomes in type 1 diabetes, and 
also in the Diabetes Control and Complications Trial (DCCT), meas-
urable C-peptide concentration was associated with beneficial clini
cal outcomes [9, 10]. Therefore, reliable and comparable C-peptide 
concentrations, especially in the low concentration range in this 
context, are a prerequisite.

In light of this variety of important indications for C-peptide 
measurements, the C-peptide standardization process needs to be 
implemented and finalized in the near future. Until this approach 
is reached, it is important that C-peptide measurements are con-
ducted using the same immunoassay. In multi-center studies, C-
peptide measurements should be performed at one study site using 
the same immunoassay. In clinical practice, physicians should be 
aware of assay discrepancies when comparing C-peptide results of 
the patients, measured at different laboratories. To monitor the 
next steps of the standardization process and verify the current sta-
tus of the comparability participation in external quality assess-
ment programs is recommended for laboratories [13, 24].

In conclusion, this study demonstrates that results of different 
C-peptide immunoassays do not always agree, and assay discrep-
ancies should be considered when interpreting C-peptide concen-
trations in the context of clinical decisions and clinical trials. To 
overcome these discrepancies, the proposed standardization pro-
cess should be urgently implemented to improve patient care and 
the comparability of research studies.
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