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Abstract

Aims Serum C-peptide can be used in Type 2 diabetes as a measure of endogenous insulin secretion, but practicalities of

collection limit its routine clinical use. Urine C-peptide creatinine ratio is a non-invasive alternative that is stable for at least

3 days at room temperature in boric acid preservative. We aimed to assess the utility of urine C-peptide creatinine ratio in

individuals with Type 2 diabetes as an alternative to serum C-peptide.

Methods We assessed, in 77 individuals with Type 2 diabetes, the reproducibility of, and correlations between, fasting and

postprandial urine C-peptide creatinine ratio and serum C-peptide, and the impact of renal impairment (estimated glomerular

filtration rate < 60 ml min)1 1.73 m)2) on these correlations.

Results Urine C-peptide creatinine ratio was at least as reproducible as serum C-peptide [fasting coefficient of variation mean

(95% CI): 28 (21–35)%vs.38 (26–59)%and2-hpost-meal26 (18–33)%vs.27 (20–34)%.UrineC-peptidecreatinine ratio2 h

post-meal was correlated with stimulated serum C-peptide, both the 2-h value (r = 0.64, P < 0.001) and the 2-h area under the

C-peptide curve (r = 0.63,P < 0.001).The association seen was similar inpatientswithandwithoutmoderate renal impairment

(P = 0.6).

Conclusions In patients with Type 2 diabetes, a single urine C-peptide creatinine ratio is a stable, reproducible measure that is

well correlated with serum C-peptide following meal stimulation, even if there is moderate renal impairment. Urine C-peptide

creatinine ratio therefore has potential for use in clinical practice in the assessment of Type 2 diabetes.
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Introduction

The heterogeneity of Type 2 diabetes adds to the complexity of

clinical management. Patients with poor glycaemic control may

be either predominantly insulin deficient or predominantly

insulin resistant. The underlying pathophysiology could impact

on therapeutic decisions, particularly when choosing third-line

agents.

Serum C-peptide has been proposed as a measure of

endogenous insulin secretion and can be a useful adjunct to

treatment decisions in Type 2 diabetes. Serum C-peptide

following glucagon or meal stimulation in patients with Type 2

diabetes can be used to identify those who are insulin deficient

and would benefit from insulin treatment [1–3]. However,

practicalities limit its routine clinical use, as the usual advice for

collection of blood samples for measurement of C-peptide is to

transport the sample on ice and to centrifuge and freeze the

sample immediately if analysis is not possible within a few hours

[4]. This is difficult, particularly in the primary care setting where

facilities are not available for either rapid analysis or

centrifugation and freezing of samples.

Urinary C-peptide is a non-invasive alternative to serum

C-peptide that, when collected in boric acidpreservative, is stable

at room temperature for at least 3 days, greatly increasing its

potential utility over blood [5]. A study from Koskinen et al. in

1986 suggested that a 2-h postprandial urinary C-peptide

creatinine ratio is as sensitive and specific as glucagon-
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stimulated plasma C-peptide in detecting patients who will

benefit from insulin treatment [6]. Recently, urinary C-peptide

creatinine ratio has been shown to be a sensitive and specific

alternative to 90-min serum C-peptide during a mixed-meal

tolerance test (MMTT), the gold standard method for detecting

endogenous insulin secretion, in children and young adults with

Type 1 diabetes [7] and in a mixed cohort of late-onset insulin-

treated diabetes [8]. Postprandial urinary C-peptide creatinine

ratio has also been shown to be a useful test to discriminate

HNF1A- and HNF4A-maturity-onset diabetes of the young

(MODY) from long-duration Type 1 diabetes [9].

The kidney is the main site of C-peptide clearance through

glomerular filtration and uptake from peritubular capillaries.

Many patients with Type 2 diabetes will have renal impairment,

usually as a result of hypertension or diabetic nephropathy. It is

not known if mild to moderate renal impairment affects the

relationship between urinary C-peptide creatinine ratio and

serum C-peptide.

The aim of our study is to test, in individuals with

oral hypoglycaemic agent-treated Type 2 diabetes, the

reproducibility of, and correlations between, fasting and

postprandial urinary C-peptide creatinine ratio and serum

C-peptide, and to assess the impact of renal impairment on

these correlations.

Patients and methods

Subjects

We selected 77 subjects (48 men, 29 women) with a clinical

diagnosis of Type 2 diabetes after 35 years of age, on one or two

oral hypoglycaemic agents and having never been on injectable

therapies. All patients were treated with a combination of

metformin and ⁄ or sulphonylurea, with the exception of one

patient who was treated with metformin and sitagliptin. Fifty-

four subjects had renal function > 60 ml min)1 1.73 m)2 and 23

subjects were classed as having moderate renal impairment if

their estimated glomerular filtration rate (eGFR) [calculated

using 4-variable modification of diet in renal disease (MDRD)

formula [10]] was < 60 ml min)1 1.73 m)2 with median eGFR

51 ml min)1 1.73 m)2 (interquartile range 44–58) in this patient

group. Median age was 68 years (interquartile range 63–74),

BMI 29.9 kg ⁄ m2 (interquartile range 27.4–33.3), HbA1c

60 mmol ⁄ mol (interquartile range 55–69) [7.6% (interquartile

range7.2–8.5)] and time since diagnosis 10.0 years (interquartile

range 6.0–14.5).

Clinical sampling

Subjects attended the NIHR Peninsula Clinical Research Facility

having fasted overnight. They passed their first void urine of the

day at home. A second void fasting urine sample was collected

before breakfast. A standardized meal was given (pain au

chocolat, 250 mlorange juice, teaor coffeewithmilk) containing

53.3 g carbohydrate. Subjects took their regular medications

with breakfast. Urine samples were collected in containers with

boric acid preservative (Sterilin; Aberbargoed, Caerphilly, UK)

120 min after breakfast. An aliquot from each was stored frozen

at )80 �C prior to analysis for urinary C-peptide creatinine ratio.

Blood samples were taken fasting and at 30, 60 and 120 min

post-meal in order to calculate a C-peptide area under the curve.

These were immediately centrifuged and separated, with serum

stored frozen at )80 �C prior to analysis of C-peptide levels.

C-peptide assay

Urine and serum samples were analysed for C-peptide in the

Biochemistry Department at the Royal Devon and Exeter

Hospital, Exeter, UK, using the routine automated Roche

Diagnostics (Mannheim, Germany) E170 immuno-analyser.

The assay is a direct electrochemiluminescence immunoassay

that employs monoclonal antibodies directed against human

C-peptide and can be used for human serum, plasma or urine.

Calibration is traceable to the World Health Organization

(WHO) International Reference Reagent for C-peptideof human

insulin for immunoassay (IRR code 84 ⁄ 510). It has a limit of

detection of 0.03 nmol ⁄ l. The inter- and intra-assay coefficients

of variations are < 4.5% and < 3.3%, respectively. Urinary

creatinine was analysed on the Roche P800 platform using

creatinine Jaffé reagent [standardized against isotope dilution–

mass spectrometry (ID-MS)] to obtain a urine C-peptide

creatinine ratio (nmol ⁄ mmol).

Statistical analysis

Reproducibility

In 20 patients, the meal test was repeated on three separate

occasions, carried out over a period of between 3 and 7 days

(mean 5 days). Intra-individual coefficient of variation of the

fasting and stimulated serum C-peptide and urinary C-peptide

creatinine ratio was calculated for each individual patient and a

mean intra-individual coefficient of variation was calculated for

the group.

Correlations

Correlations between serum C-peptide and urinary C-peptide

creatinine ratio at the corresponding time points before and after

the meal were assessed by Pearson correlation coefficient

(n = 77). To determine whether the association between

urinary C-peptide creatinine ratio and serum C-peptide

measurements differed between people with and without renal

impairment, regressionanalysis was used and an interaction term

for urinary C-peptide creatinine ratio and renal impairment was

entered into the model, to enable comparison of regression lines.

Ethics

Ethical approval was obtained for the study from the Devon and

Torbay REC Committee. Valid informed consent was obtained

from all subjects prior to their participation.
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Results

Reproducibility of C-peptide measurement in urine and
serum

The reproducibility of urinary C-peptide creatinine ratio fasting

and 2 h post-meal was mean (95% CI) 28 (21–35)% and 26

(18–33)%. The reproducibility of serum C-peptide fasting and

2 h post-meal was mean (95% CI) 38 (26–59)% and 27 (20–

34)%.

Correlations between fasting and stimulated
urinary C-peptide creatinine ratio and serum
C-peptide in subjects with normal and impaired
renal function

In patients with Type 2 diabetes, stimulated 120-min urinary

C-peptide creatinine ratio correlated well with the post-meal

0- to 120-min serum C-peptide area under the curve (r = 0.63,

P < 0.001, Fig. 1) and also with 120-min stimulated serum

C-peptide (r = 0.64, P < 0.001, Fig. 2). Stimulated 120-min

urinary C-peptide creatinine ratio had a moderate correlation

with post-meal 30- and 60-min serum C-peptide (r = 0.48,

P < 0.001and r = 0.54,P < 0.001, respectively). Fastingurinary

C-peptide creatinine ratio had weak correlation with post-meal

30- and 60-min serum C-peptide (r = 0.32, P = 0.005 and

r = 0.31, P = 0.007, respectively).

In regression analysis, the association between urinary

C-peptide creatinine ratio and 0- to 120-min serum C-peptide

did not differ between those with and without renal impairment

(P = 0.6 for interaction). Fasting urinary C-peptide creatinine

ratio was weakly correlated with both fasting serum C-peptide

(r = 0.31 P = 0.007) and 2-h area under the C-peptide curve

(r = 0.42, P < 0.001).

Discussion

Our study has shown that, in subjects with Type 2 diabetes, a

120-min stimulated urinary C-peptide creatinine ratio is a

reproducible measure that is well correlated with both

stimulated serum C-peptide and the serum C-peptide area

under the curve at 0–120 min, even if there is moderate renal

impairment. This combined with ease of sample handling

because of the stability of urinary C-peptide make it a

potentially important clinical measure.

Previous studies of urinary C-peptide in non-insulin treated

Type 2 diabetes have shown correlation with blood

concentrations of C-peptide [11–13]. However, these have

predominantly looked at 24-h [11,13] or timed excretion rates

[12] rather than spot samples corrected for creatinine clearance.

Timed collections are less practical in outpatients and

notoriously poorly performed. The correlation between urinary

C-peptide and blood concentrations is different in subjects

without diabetes and patients withType 2diabetes [12], possibly

reflecting differences in renal handling and ⁄ or differences in the

time course of the postprandial rise in C-peptide. However, this

should not alter its potential utility in identification of insulin-

deficient subjects with Type 2 diabetes if practical considerations

support the utility of urinary C-peptide creatinine ratio.

Urinary C-peptide creatinine ratio is at least as reproducible as

serum C-peptide, both fasting and following meal stimulation.

Our data strongly support the use of a 2-h stimulated urinary

C-peptide creatinine ratio, given its stronger correlation with

serum C-peptide values.

The majority of patients with Type 2 diabetes are managed in

primary care. The stability and non-invasiveness of single-sample

urinary C-peptide creatinine ratio could provide a means by

which residual endogenous b-cell function is measured in this

setting, or any other without immediate access to a laboratory.

FIGURE 1 Scatter plot to show association between serum C-peptide area

under the curve 0–120 min and urinary C-peptide creatinine ratio 120 min

following a standard meal (r = 0.63, P < 0.001). Crosses denote normal

renal function (eGFR > 60 ml min)1 1.73 m)2) and circles denote impaired

renal function (eGFR < 60 ml min)1 1.73 m)2).

FIGURE 2 Scatter plot to show association between 120-min serum

C-peptide concentration and urinary C-peptide creatinine ratio 120 min

following a standard meal (r = 0.64, P < 0.001). Crosses denote normal

renal function (eGFR > 60 ml min)1 1.73 m)2) and circles denote

moderately impaired renal function (eGFR < 60 ml min)1 1.73 m)2).
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This could include urine samples being sent in the post. The wide

availability of sensitive non-isotopic labels and automation of

immunoassay analysers means results can be generated in

minutes in routine clinical laboratories [4].

Urinary C-peptide creatinine ratio may assist management

decisions by identifying those patients who have progressed to

b-cell failure, helping clinicians choose between insulin therapy

and other agents.

There are limitations to this study. We have only shown

correlationswith serumC-peptide levels andhavenot established

directly that this will help identify subjects requiring insulin

treatment. Although previous studies using serum levels [1–3]

and one study using urine [6] have suggested this will be the case,

further studies are needed. In this study we used a standardized

breakfast meal stimulus, but it would be of interest to assess

urinary C-peptide creatinine ratio after a non-standard meal

stimulus and possibly in a random urine sample. In addition,

more work is required to establish the effect specific renal disease

aetiologies, proteinuria and severe renal impairment have on the

utility of urinary C-peptide creatinine ratio.

In conclusion, this study has shown that, in patients with

Type 2 diabetes, a single urinary C-peptide creatinine ratio is a

reproducible measure of b-cell function that is well correlated

with serum C-peptide following meal stimulation. This, along

with the wide availability of the test in routine biochemistry

laboratories and the stability of urinary C-peptide at room

temperature, means that urinary C-peptide creatinine ratio has

considerable potential for use in clinical practice in the

management of Type 2 diabetes.
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