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Background: Measurement of insulin and C-peptide concentrations is important for de-
ciding whether insulin treatment is required in diabetic patients. We aimed to investigate 
the analytical performance of insulin and C-peptide assays using the Lumipulse G1200 
system (Fujirebio Inc., Tokyo, Japan). 

Methods: We examined the precision, linearity, and cross-reactivity of insulin and C-pep-
tide using five insulin analogues and purified proinsulin. A method comparison was con-
ducted between the Lumipulse G1200 and Roche E170 (Roche Diagnostics, Mannheim, 
Germany) systems in 200 diabetic patients on insulin treatment. Reference intervals for 
insulin and C-peptide concentrations were determined in 279 healthy individuals. 

Results: For insulin and C-peptide assays, within-laboratory precision (% CV) was 3.78–
4.14 and 2.89–3.35%, respectively. The linearity of the insulin assay in the range of 
0–2,778 pmol/L was R²=0.9997, and that of the C-peptide assay in the range of 0–10 
nmol/L was R²=0.9996. The correlation coefficient (r) between the Roche E170 and Lu-
mipulse G1200 results was 0.943 (P <0.001) for insulin and 0.996 (P <0.001) for C-pep-
tide. The mean differences in insulin and C-peptide between Lumipulse G1200 and the 
Roche E170 were 19.4 pmol/L and 0.2 nmol/L, respectively. None of the insulin ana-
logues or proinsulin showed significant cross-reactivity with the Lumipulse G1200. Refer-
ence intervals of insulin and C-peptide were 7.64–70.14 pmol/L and 0.17–0.85 nmol/L, 
respectively.

Conclusions: Insulin and C-peptide tests on the Lumipulse G1200 show adequate analyti-
cal performance and are expected to be acceptable for use in clinical areas.
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INTRODUCTION

Diabetes mellitus is a major chronic disease with increasing 

global prevalence [1]. The prevalence of diabetes among adults 

over 30 years in Korea has increased greatly, from 1.5% to 12.4% 

over the past 40 years, and is expected to grow two-fold by 2050. 

Among diabetes patients, the proportion of type 1 diabetes is 

approximately 0.22–1.19% [2, 3]. 

There is currently no cure for diabetes, and clinical presenta-

tion and disease progression may vary considerably between 

types [4]. A correct diagnosis is important because the optimal 

treatment depends on the type of diabetes; furthermore, initial 

clinical diagnosis is rarely changed [4-6]. Although a gold stan-

dard for differentiating the types of diabetes has not been estab-

lished, serum insulin and C-peptide concentrations provide di-

agnostic information on insulin deficiency (type 1 diabetes) or 

insulin resistance (type 2 diabetes) through estimation of insulin 

secretion [4, 5, 7, 8]. In insulin-treated patients, the measure-

ment of endogenous insulin secretion may aid in predicting the 

degree of postprandial hyperglycemia and the likely response to 
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prandial insulin [9]. In addition, it is helpful for evaluating insulin 

therapy compliance and suspected insulin overdose [10, 11]. 

C-peptide is used as a diagnostic marker for diabetes mellitus 

because it reflects endogenous insulin secretion even when the 

patient carries insulin antibodies or is insulin-treated [5]. Thus, 

accurate measurement of serum insulin and C-peptide concen-

trations is very helpful in the initial diagnosis of the diabetes type 

as well as in insulin-treated patients, but it is currently difficult. 

Cross-reactivity with insulin analogues may falsely inflate serum 

insulin measurements [12]. Further, an increase in proinsulin 

may not accurately reflect an increase in C-peptide [5, 7]. Pro-

insulin and its partially processed forms, comprising fragments 

of insulin and C-peptide, can produce cross-reactivity as they 

are present in much higher concentrations [7]. Therefore, there 

is a need for reagents that do not react with the insulin ana-

logues or proinsulin. 

One potential option is the Lumipulse G1200 system (Fujire-

bio Inc., Tokyo, Japan), a robust mid-sized fully automated che-

miluminescence-based enzyme immunoanalyzer that has been 

developed recently to measure insulin and C-peptide without 

the influence of insulin analogues and proinsulin. However, to 

our knowledge, its analytical performance in quantifying insulin 

and C-peptide concentrations has been rarely reported except 

an article in Japanese [13]. The Roche E170 system, an auto-

mated analyzer based on an electrochemiluminescence immu-

noassay, is used in many clinical laboratories to quantify human 

insulin and C-peptide concentrations [14]. To our knowledge, 

no study has compared the Lumipulse G1200 and the Roche 

E170 systems for insulin and C-peptide measurement. 

We examined the analytical performance of the Lumipulse 

G1200 system for insulin and C-peptide assays. We also con-

ducted a method comparison between the Lumipulse G1200 

and Roche E170 systems.  

   

METHODS

1. Ethical approval
This retrospective study was conducted according to the Decla-

ration of Helsinki. All procedures involving human subjects were 

approved by the Institutional Review Board (IRB) of Samsung 

Medical Center, Seoul, Korea (IRB No: SMC 2015-01-071). The 

IRB waived the need for informed consent.

2. Systems and reagents
Test reagents for insulin and C-peptide have been developed 

and were provided by Fujirebio Inc. (Tokyo, Japan). These bio-

molecules can be measured by the Lumipulse G1200 system. 

Assay-specific anti-insulin monoclonal antibody (mouse) and 

anti-C-peptide monoclonal antibody (mouse) were used. Three 

quality control materials, Lyphochek Immunoassay Plus Control 

(40331, 40332, and 40333), with low, medium, and high con-

centrations of insulin and C-peptide, respectively, were supplied 

by Bio-Rad Laboratories (CA, USA). The limit of detection and 

limit of quantification were 1.74 pmol/L and 4.17 pmol/L for in-

sulin and 0.001 nmol/L for C-peptide, respectively. The tests 

were conducted according to the manufacturer’s instructions.

3. Study population 
Diabetic patients who were undergoing insulin treatment and 

had visited Samsung Medical Center, Seoul, Korea, a tertiary 

care hospital, between March 2015 and May 2015, were en-

rolled. In total, 200 serum samples of diabetic patients (100 

men and 100 women) were collected and analyzed retrospec-

tively. The tests were performed using archival samples. Clinical 

information including age, sex, medical condition, and list of in-

sulin analogues used in diabetic patients were obtained from 

electronic medical records. The median age was 63 years (range: 

18–96 years). Six commercial preparations of insulin and insu-

lin analogues were used, each with a concentration of 694.5 

µmol/L: Humulin (Lilly, Basingstoke, UK), insulin aspart (Novo 

Nordisk, Bagsvaerd, Denmark), insulin glargine (Sanofi-Aventis, 

Paris, France), insulin lispro (Lilly), insulin detemir (Novo Nord-

isk), and insulin glulisine (Sanofi-Aventis).

In addition, 279 healthy subjects (123 men and 156 women; 

age: 19–78 years) who visited the health promotion center for 

regular health checkups were evaluated. The reference subjects 

were selected on the basis of medical examinations and current 

health status. We excluded pregnant subjects and those with 

high blood pressure; taking any medication; diagnosed as hav-

ing diabetes or tuberculosis; presenting with fever; or testing 

positive for human immunodeficiency virus, hepatitis B virus 

surface antigen, or hepatitis C virus antibodies. Hemolyzed 

blood samples, which can produce unreliable laboratory results, 

were excluded.   

4. Method evaluation 
1) Precision
Repeatability, between-run, and within-laboratory precision were 

evaluated by measuring pooled serum and two concentrations 

of Bio-Rad quality control materials for insulin and C-peptide, 

respectively. Each sample was evaluated twice per run, twice 

per day, for 20 consecutive days on the Lumipulse G1200 ana-



Oh J, et al.
Insulin and C-peptide assays by Lumipulse G1200

532    www.annlabmed.org https://doi.org/10.3343/alm.2018.38.6.530

lyzer. The precision of insulin and C-peptide measurements was 

assessed according to the CLSI EP05-A3 guidelines [15].

2) Linearity
Samples containing a mixture of low (0 pmol/L, 0 nmol/L) and 

high (2,778 pmol/L, 10 nmol/L) concentrations of insulin and C-

peptide, respectively, were analyzed using mixing ratios of 4:0, 

3:1, 2:2, 1:3, and 0:4. To establish the regression equation, the 

measurements were repeated four times for each concentration 

of insulin and C-peptide. The linearity of insulin and C-peptide 

was assessed according to the CLSI EP06-A guidelines [16].

3) Method comparison
We measured insulin and C-peptide concentrations in 200 se-

rum samples from diabetic patients and in 40 healthy subjects 

without insulin treatment. Analysis between the Lumipulse 

G1200 and Roche E170 (Roche Diagnostics, Mannheim, Ger-

many) systems was conducted within one hour to avoid tempo-

ral changes in the samples. The method comparison was con-

ducted according to the CLSI EP09-A2-IR guidelines [17]. 

4) Cross-reactivity
To evaluate the degree of cross-reactivity from insulin analogues 

and proinsulin, the five insulin analogues mentioned above (in-

sulin aspart, insulin glargine, insulin lispro, insulin detemir, and 

insulin glulisine) and purified proinsulin (WHO International 

Standard 1st International Standard for Human Proinsulin 

NIBSC code: 09/296) were diluted in Lumipulse sample diluent. 

Insulin analogues and proinsulin were diluted to 6.94, 69.4, 

694, and 6,940 pmol/L, and 100, 200, 1,000, and 2,000 nmol/

L, respectively. The concentrations of insulin and C-peptide 

were measured using the Lumipulse G1200 and Roche E170 

systems in the same manner as the patient samples were mea-

sured for clinical diagnosis. All dilutions of each insulin analogue 

and proinsulin preparation were analyzed in duplicate, and the 

percentage cross-reactivity was calculated from the ratio of the 

measured and nominal concentrations. 

5) Reference intervals
Serum samples from the 279 healthy adult subjects were used 

to determine reference intervals. To investigate whether refer-

ence intervals significantly differe by sex, we followed the CLSI 

C28-A3c guidelines [18]. 

5. Statistical analysis
Data were analyzed using IBM SPSS v23.0 (IBM Corp., Ar-

monk, NY, USA), MedCalc v11.5.1.0 (MedCalc Software, Mar-

iakerke, Belgium), and Microsoft Excel 2010 (Microsoft Corp., 

Redmond, WA, USA). Means and standard deviations were cal-

culated. P values of less than 0.05 were regarded as statistically 

significant. To evaluate precision, the CV was calculated. To 

evaluate linearity, the coefficient of determination (R²) was de-

termined by logistic regression. Pearson correlation coefficients 

(r) were calculated. The correlation of insulin with C-peptide 

concentrations was compared between the Lumipulse G1200 

and Roche E170 systems by calculating the differences in dia-

betic patients and healthy subjects. In addition, 95% limits of 

agreement for each comparison and the bias between the sys-

tems were evaluated using Bland–Altman analysis [19]. In 

cases involving cross-reactivity, clinical significance was tested 

for comparing the results to the reference change values (RCV) 

using the formula 

RCV=√2×Z×√(CVa2+CVi2) [20], 

where Z is the number of standard deviations appropriate for 

the given probability (1.96 for a probability of 95%), CVa is the 

analytical imprecision, and CVi is the estimate of within-subject 

biological variation. 

In addition, we analyzed the concentration of insulin in pa-

tients treated with an insulin analogue that showed cross-reac-

tivity. After assessment of normality using the Shapiro–Wilk test, 

reference intervals were calculated using a non-parametric 

method: the reference limits were defined as the central 95th 

percentile of the healthy subjects. The lower reference limit was 

the 2.5th percentile, while the upper reference limit was the 

97.5th percentile for healthy subjects.  

RESULTS 

1. Precision  
Precision evaluation for insulin and C-peptide showed good re-

peatability and within-laboratory precision, with all CVs below 

5% (Table 1). 

2. Linearity
The results of the linearity evaluation for insulin and C-peptide 

are presented in Fig. 1. The regression equation between the 

expected value (x) and the measured value using the Lumipulse 

G1200 (y) results was y=0.9634x+1.46 for insulin and y= 

1.0073x+0.0415 for C-peptide. The coefficient of determination 

(R²) for insulin (range: 0–2,778 pmol/L) in regression analysis 

was 0.9997, and that for C-peptide (range: 0–10 nmol/L) was 

0.9996.
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3. Method comparison
Insulin concentrations were lower when measured with the Lu-

mipulse G1200 system than the Roche E170 system in diabetic 

patients (61.9 ±64.7 vs 81.3 ±79.9 pmol/L, P =0.008) and 

healthy subjects (31.0±13.1 vs 37.9±15.1 pmol/L, P =0.033). 

The concentrations of C-peptide in diabetic patients were not 

significantly different between the two systems (1.06±1.12 vs 

1.28±1.33 nmol/L, P =0.077), while the Lumipulse G1200 

yielded lower concentrations for healthy subjects (0.48±0.15 vs 

0.60±0.17 nmol/L, P =0.001). 

The r value between results obtained with the Lumipulse 

G1200 and Roche E170 systems for insulin was 0.943 (P < 

0.001) and for C-peptide was 0.996 (P <0.001). The r value for 

insulin was less than 0.975, and therefore, an alternative 

method-comparison methodology, Bland–Altman difference 

analysis, was used. The Bland–Altman difference analysis re-

vealed a mean bias of insulin between the Lumipulse G1200 

and Roche E170 systems from 200 patient samples of 19.4 

pmol/L (95% confidence interval [CI]: -36.8–75.0 pmol/L) and 

of C-peptide of 0.2 nmol/L (95% CI: -0.2–0.7 nmol/L). The scat-

ter plots, correlations, and differences between the Lumipulse 

G1200 and Roche E170 systems for insulin and C-peptide are 

shown in Fig. 2. 

4. Cross-reactivity
The measured concentration and calculated cross-reactivity for 

each of the stratified diluted insulin analogues are summarized 

in Table 2. None of the insulin analogues or proinsulin showed 

significant cross-reactivity, though there was slight cross-reactiv-

ity of insulin glargine in the Lumipulse G1200 system. However, 

the concentrations of insulin in patients treated with insulin 

glargine did not significantly differ from those in patients treated 

with other insulin analogues. Bland–Altman difference analysis 

of data from 29 samples of patients treated with insulin glargine 

(Fig. 3) revealed a mean difference of 22.2 pmol/L (95% CI: 

-31.3–75.0 pmol/L) for insulin between the Lumipulse G1200 

and Roche E170 systems. In addition, the cross-reactivity of in-

sulin glargine in the Lumipulse G1200 was lower than the cal-

Fig. 1. Linearity of insulin and C-peptide in the Lumipulse G1200 system. 
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Table 1. Precision of the Lumipulse G1200 system in measuring insulin and C-peptide

Test item Concentration
Measurements 

(N)
Mean SD

CV (%)

Repeatability Between-run Within-laboratory

Insulin (pmol/L) Low 80 33.8 1.04 2.93 1.04 3.78

Middle     517 15.5 3.16 1.35 3.78

High 1,361 50.8 2.31 1.25 4.14

C-peptide (nmol/L) Low 80 1.30 0.04 2.16 1.38 3.28

Middle 4.81 0.12 1.85 1.78 2.89

High 6.86 0.21 1.76 2.22 3.35
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culated RCV (12.0%). Cross-reactivity with proinsulin was less 

than 1% for both systems at all concentrations tested. 

5. Reference interval
Sex differences were not observed, and single reference inter-

vals for insulin and C-peptide were used. Insulin and C-peptide 

concentrations corresponding to the 2.5th and 97.5th percen-

tiles of the sample were 7.64–70.14 pmol/L and 0.17–0.85 

nmol/L, respectively. The manufacturer’s reference intervals for 

insulin and C-peptide for the Lumipulse G1200 system were 

13.20–95.15 pmol/L and 0.21–0.85 nmol/L, respectively. The 

manufacturer’s reference intervals for insulin and C-peptide for 

Table 2. Cross-reactivity of insulin analogues in the Lumipulse G1200 and Roche E170 systems

Concentration 
(pmol/L)

Detection level (cross-reactivity %)

Humulin Insulin lispro Insulin detemir Insulin aspart Insulin glulisine Insulin glargine

G1200 E170 G1200 E170 G1200 E170 G1200 E170 G1200 E170 G1200 E170

6,940 >100% >100% <0.1% <0.2% <0.1% <0.2% 0.16% <0.2% 0.28% 0.32% 9.3% <0.2%

694 >100% >100% <0.1% <0.2% <0.1% <0.2% <0.1% <0.2% 1.4% 2.6% 6.3% <0.2%

69.4 >100% >100% <0.1% <0.2% <0.1% <0.2% <0.1% <0.2% 0.3% 1.1% 2.0% <0.2%

6.94 >100% >100% <0.1% <0.2% <0.1% <0.2% <0.1% <0.2% <0.1% <0.2% <0.1% <0.2%

Fig. 2. Method comparison of the Lumipulse G1200 and Roche E170 systems. (A) Correlations between insulin and C-peptide results. (B) 
Bland–Altman plot showing differences between insulin and C-peptide results.
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Fig. 3. Bland–Altman plot showing differences between Lumipulse 
G1200 and Roche E170 insulin results for 29 patients treated with 
insulin glargine. 

the Roche E170 system were 18.06–172.93 pmol/L and 0.37–

1.47 nmol/L, respectively.

DISCUSSION

We compared the serum concentrations of insulin and C-pep-

tide between diabetic patients under insulin treatment and 

healthy subjects. The imprecision of the Lumipulse G1200 was 

less than 5% CV for insulin and C-peptide, and the coefficients 

of determination for insulin and C-peptide were 0.9997 and 

0.9996, respectively. In an investigation by an American Diabe-

tes Association workgroup [8], only seven out of 10 assays had 

a CV less than 10.6% for insulin. The insulin and C-peptide as-

says by Lumipulse G1200 showed favorable results in the basic 

performance evaluation, including precision and linearity. 

One recent study has shown commutability of insulin immu-

noassay results using reference materials [21]. It may be helpful 

to establish the basic accuracy of the calibrator using standard 

controls to compare different methods [8, 22]. We evaluated the 

commutability between the Lumipulse G1200 and Roche E170 

systems, using control materials and patient samples. 

In the method comparison, there was a difference in absolute 

values of insulin and C-peptide between the two systems. Abso-

lute values of the Lumipulse G1200 system were lower in dia-

betic patients as well as in healthy subjects. The source of dis-

crepant results among the two insulin immunoassays is likely to 

be multifactorial, including antibody specificity, assay perfor-

mance, clinical characteristics, and calibration procedures [8, 

21, 23]. Although there was a slight difference in the absolute 

values of insulin and C-peptide concentrations between the two 

systems, it was not statistically significant (95% CI: -36.8–75.0), 

and the precision values were acceptable. In addition, reference 

intervals established by the manufacturer were lower for the Lu-

mipulse G1200 system than for the Roche E170 system. De-

spite the minor differences, our data show that the Lumipulse 

G1200 system may be an alternative for the Roche E170 sys-

tem. 

The Lumipulse G1200 system showed limited cross-reactivity; 

we observed slight cross-reactivity with insulin glargine only. The 

Lumipulse G1200 system employs monoclonal antibodies, which 

recognize the α-chain and the C-terminus of the β-chain, regions 

that are modified during insulin analogue preparatio n. The modi-

fications in insulin glargine, with glycine instead of asparagine at 

position A21 and two additional arginine residues at the end of 

the β-chain, might explain its cross-reactivity [13, 26-28]. How-

ever, considering the concentration of insulin in patients treated 

with insulin glargine and the fact that cross-reactivity was lower 

than the RCV, the clinical impact is not likely to be significant, 

although at high concentrations, insulin glargine showed slight 

cross-reactivity with the Lumipulse G1200 system. 

Previous studies showed variable cross-reactivity of insulin 

analogues; some assays showed high cross-reactivity with al-

most all analogues, while some showed cross-reactivity with al-

most none [10-13, 24, 25, 29-34]. Parfitt et al [25] reported 

that a single amino acid change could produce significant 

cross-reactivity in some insulin assays, and cross-reactivity of 

analogues with up to three amino acid substitutions relative to 

human insulin, such as insulin glargine, was highly variable 

across assay platforms. We did not observe cross-reactivity with 

glargine with the Roche E170 system, probably because the di-

lutions were prepared using sample diluent [10, 35]. A compar-

ison of cross-reactivity of the insulin assays for insulin analogues 

on the basis of recent reports, including this study, is shown in 

Table 3 [10-13, 24, 29, 31-33, 36, 37].   

The Lumipulse G1200 and Roche E170 systems showed less 

than 1% cross-reactivity for C-peptide. Our results are consis-

tent with studies reporting lower cross-reactivity with proinsulin. 

Previously, many insulin and C-peptide assays could not differ-

entiate proinsulin and proinsulin intermediates from insulin and 

C-peptide [7, 38]. However, cross-reactivity with proinsulin is 

generally<10% with modern assays, as proinsulin circulates at 

much lower concentrations than C-peptide [5]. Several assays 

discriminate between insulin and proinsulin [23]. This implies 

that interference of proinsulin does not significantly affect mea-

surements of insulin and C-peptide in diabetic patients under 

insulin treatment.   
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In summary, as the Lumipulse G1200 system showed good 

precision and linearity for quantifying insulin and C-peptide, 

with no significant cross-reactivity with insulin analogues, it can 

be used for accurate measurement of intrinsic insulin concen-

trations in diabetic patients during insulin treatment.
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