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Proinsulin - C-peptide
A Consensus Statement
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Processing of insulin and ¢ - peptide from proinsulin
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Schematic representation of C -pepti dedbs mol ecul

C-peptide
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C- peptide activation of calcium signaling complications of diabetes
IS thought to increase the activity of Na+ -K+ - ATPase, mellitus  are thought to be
which has been found to be reduced in patients mediated through
with the advanced microvascular complications endothelial nitric oxide

of diabetes mellitus synthase



General overview of intracellular signaling
by C -peptide

A C-peptide

\CRER, ATF), PPARY, NN, ZERLSREBFT|

J.Wahren et.al., Diabetes. 2012 Apr; 61(4): 761 1772



(@ Rationale for C  -peptide

measurement
[
Since C-peptide and insulin are released in
equimolar amounts from t fcellsdthe
pancreas, the measurement of C - peptide has

been used as a mcelflneton aondf

an index of insulin secretion
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C- Peptide: What it is, What it Does,
Why You Test For It, What it Means (1)
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(@ C- peptide as a measure of insulin

secretion
U C-peptide gives a measure of the patient's current
status _ - does the patient produce endogenous insulin
now? -
and has greater utility further from diagnosis , when

rapid decline is less likely

U Autoantibodies are of prognostic value

- will they continue to produce endogenous insulin in
the future? -

and have qreatest utility at diagnosis

U This illustrates an important difference between the
use of C -peptide and islet autoantibody testing



(@ Measurement of C - peptide in blood

U When assessing insulin production, C- peptide can
be measured In a fasting or non -fasting ( 6random
sample or in a formal stimulation test (e.qg. after
Intravenous glucagon or a standardized mixed - meal
test)

A C-peptide 1 Fasting: 0.51 -2.72 ng/mL
(or 0.17 -0.90 nmol/L )

U While formal stimulation tests are most accurate
and reproducible for research purposes, a fasting or

non-fasting (6random6) sampl e 1|1 s
clinical practice




Boxplot of random non -fasting, fasting and glucagon -stimulated C -

peptide in well -defined (on clinical features) Type 1 and Type 2
diabetes
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(@ Measurement of C  -peptide in urine

U Urine C -peptide measurement is a potentially

attractive non -Invasive measur e -cel a
function
U C-peptide Iis excreted in the urine through

glomerular filtration and uptake from
peritubular capillaries

U The concentration in urine is typically 10 I 20
times higher than in plasma and the absence of
proteases found in blood mean that C -peptide is

maore



Urine C -Peptide:Creatinine ratio to discriminate
Tyvype 1 diabetes of over 5 year
Type 2 diabetes and HNF1A/4A MODY
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Adapted with permission from Besser et al
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(@ Identifying patients with maturity -
- onset diabetes of the young (MODY)

U Persistence of C-peptide is an important clinical

feature of MODY

In contrast to Type 1 diabetes, substantial Insulin
secretion persists In__these __ forms of diabetes
outside of the honeymoon period and the

persistence of C-peptide in a patient thought to
have Type 1 diabetes may be suggestive of MODY

I A random blood C-peptide of O 0.2 nmol/l in those
with diabetes diagnosed under 30 years of age and
> 3 years Oduration has been suggested as a criteria
for consideration of MODY testing



Q@ High Values of C  -Peptide

U High levels of both C-peptide and blood glucose

are found in people with type 2 diabetes or
Insulin resistance

U A highlevelof C  -peptide witha Jow blood
glucose level may mean that an insulin -
producing tumor of the pancreas (insulinoma)
IS present or thatthe use of certain medicines
such as sulfonylureas is causing the high level




(@ Low Values of C - Peptide

U A low level of C-peptide with a high blood glucose
level is found in people with type 1 diabetes

U Persons with LADA typically have low, although
sometimes moderate levels of C-peptide as the
disease progresses and high blood glucose levels

U The most common MODY syndrome may also have
normal fasting C-peptide results because the flaw

iIn this case is In the secretion of insulin N
response to rising glucose and fasting secretion s
still near normal . Their postprandial C-peptide

however IS below normal with elevated blood

alucose




2h -mixed -mealtest C-peptide values in relation to
diabetes duration at entry screening for the DCCT
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(@ C- Peptide and Transplant Failure

U C-peptide can be used to assist patient
selection _ for islet cell transplantation

U After transplantation , monitoring graft
function by moni t o fcellfugctioh has
been used to detect transplant failure

U Transplant failure is typically monitored with
measurements of insulin, glucose, and C -
peptide , and in some protocols, graft failure

has been defined by a specific level of C -
peptide



Cumulative Three-Year Patient and Graft Survival in

C-Peptide Negative Type -1 Diabetic Recipients; 1991-2002; n=256*

100;
907
80-
70
60-

[%650-
40°
301
20+

= Patient Survival

- Graft Survival (basal C-peptide >= 0.5 ng/mL)

Insulin Independence

|_‘_L\_|_

10—3—

O I | I | I I I I I I I | I | I I | I | | I | | I | I | I I | I I | | |

months posttransplant
12 24 36

* Only well documented cases

94 %

31%

8%




Islet -After -Kidney T1D -Recipient transplanted

Fasting Plasma C - peptide
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(@ Hypoglycemia

U Inthe evaluation of a nondiabetic patient with
hypoglycemia, C- peptide can be a useful aid in
narrowing the differential diagnosis

U C-peptide measurements In the evaluation of
hypoglycemia are performed in the context of the

72 - hour (prolonged) fast , the gold standard
procedure

U Elevated C -peptide and insulin levels at the end of
the fast point to an insulinoma or sulfonylurea
Ingestion __ as the cause for the hypoglycemia

U Low C -peptide levels and high insulin levels point
to exogenous insulin administration




(@ C- Peptide
and Diabetes Complications

A Studies have linked low levels of C-peptide to
diabetes mellitus complications and evidence
suggests that maintaining higher _levels of C-
peptide is especially beneficial for type 1
diabetics

A C-peptide measurements have also been
used to classify diabetes melltus and as a
marker of pancreatic a-cell function
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Re s i duaCkll Fanction3 T 6 Years After
Onset of Type 1 Diabetes Reduces Risk of
Severe Hypoglycemia in Children and
Adolescents

A

J. S.

OBJECTIVE : To determine the prevalence of residual a-cell
function (RBF) in children after 3716 yrs of type 1 diabetes and
to _examine __ the association between RBF and incidence  of
severe hypogdlycemia, alycemic control and insulin
requirements

CONCLUSIONS : We demonstrated considerable  phenotypic
diversity in RBF among children after 31 6 yrs of type 1 diabetes .
Children with RBF are at |lower risk for severe
hypoaglycemia, have Dbetter  diabetes  reqgulation and have
lower _insulin__requirements compared with children  without

RBF. There appears to be a lower Ilimit for stimulated RBF of
D0.04 nmol/L that confers a beneficial effect on hypoglycemia and
metabolic control

ST RENSEN et al ., Di3mWe2018s Care 36: 3454



(@ Impact of C  -Peptide Preservation on
Metabolic and Clinical Outcomes In
the DCC - Trial

The DCC - Trial established that a stimulated

C-peptide concentration 00.2 nmol/L at study

entry _ among subjects with up to a 5-year diabetes
duration is associated with  favorable metabolic
and clinical outcomes over the subsequent 7 yrs of

follow -up

J.M. Lachin et. al. for the DCCT/EDIC Research Group*
Diabetes, Vol. 63, Feb., 2014



(@ C-Peptide Used as Indicator of Glycemic
Controland Dec | i n i-@el Fuaction

U The DCCT found that there was
less retinopathy and nephropathy with
pr es er v-e&dl furgction

U GADA screen in combination with C - peptide
measurements can be used to identify a
subset of type 2 patients whose disease Is

progressing and who may need to be treated
more aggressively

U These data suggest that C - peptide levels
might be able to identify type 2 diabetic

patients that would be managed better with
Insulin



Percentages of subjects who experienced at least one episode of
severe hypoglycemia over the first 6 years of the DCCT
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. Impact of C - Peptide Preservation on
( Metabolic and Clinical Outcomes

In the DCCT - Trnal

Discussion

U Preservation of a-cell function as measured by C-
peptide in patients with type 1 diabetes is known to
result In Iimproved metabolic control and reduced
microvascular complications

U Across the range of values, higher amounts of
secreted C- peptide were  associated with  lower

HbA 1c, lower daily Insulin dose , less severe

hypoalycemia and less risk of retinopathy

J.M. Lachin et. al. for the DCCT/EDIC Research Group*
Diabetes, Vol. 63, Feb., 2014



Levels of C _-peptide, BMI and age and their
usefulness in classification of diabetes In
relation to autoimmunity , In adults with newly
diagnosed diabetes in Kronoberg, Sweden

A Aim : To check the ability of age, BMI and C-peptide
to discriminate between autoantibody  -positive (Ab+)
and -negative ( A b 1 diabetes

A Classification : Age and BMI are among the most
frequently used tools for clinical classification but seldom
tested in an evidence -based manner . In our large (1180
patients) population -based cohort of newly diagnosed
patients, we found that , while still not ideal, C-
peptide was a better discriminator than both age and
BMI _for identifying those positive to at least one of
GADA and/or ICA and C-peptide AUC reached the same
level in ROC analysis as several classification schemes for
ketosis -prone diabetes

M.Thunander et.al., Eur J Endocrinol.166(6): 1021 1 1029, Jun 2012



Mean fasting C - peptide per antibody positivity In
adults with newly diagnosed diabetes
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Levels of C -peptide, body mass index and age, and
their usefulness in classification of diabetes in
relation to autoimmunity, in adults with newly

diagnosed diabetes in Kronoberg, Sweden

Conclusions

U At diagnosis of diabetes, C- peptide was superior to age

0

and BMI in discriminating between autoimmune and

non_-autoimmune diabetes. Most of the adults had normal
or high levels of C -peptide at presentation of diabetes among
the autoimmune patients

Analysis of C  -peptide is less expensive than antibody

analyses and better than both BMI and age at indicating
autoimmune diabetes

C- peptide can be a good complement in clinical practice
iIn many settings

M.Thunander et.al., Eur J Endocrinol.166(6): 1021 11029, Jun 2012



C- peptide levels can be predictive of
autoantibodies

%

U Torn et al. have found that C-peptide Ilevels
can predict the presence of autoantibodies

They determined  that :
A A random  C-peptide value of below 0.91
ng/ml  had a 94 % positive predictive value

for patients with autoantibodies

and
A A value above 2.42 ng/ml  had a 72 %
positive predictive value for patients

without  autoantibodies




HLA Genes, Islet Autoantibodies and Residual C -
Peptide _ at the Clinical Onset of Type 1 Diabetes
Mellitus and the Risk of Retinopathy 15 Years Later

Aim: _ HLA genes, islet autoantibodies and residual C - peptide
were studied to determine the independent association of

each exposure with diabetic retinopathy (DR), 15
years after the clinical onset of type 1 diabetesin 15 1
34 year old individuals

In conclusion : Increased levels of GADA at the time of
onset were associated with an increased risk of DR 15
years later

R. A. Jensenon et.al.,on behalf of the DISS: PLoS ONE, Vol. 6 (3), March 2011



HLA Genes, Islet Autoantibodies and Residual C
Peptide at the Clinical Onset of Type 1 Diabetes
Mellitus and the Risk of Retinopathy 15 Years Later

Islet
Autoantibodies

Diabetic
Retinopathy

Clinical Onset of 15 years later
Type 1 Diabetes

R. A. Jensenon et.al.,on behalf of the DISS: PLoS ONE, Vol. 6 (3), March 2011



Benefits of Preservation of Endogenous
Insulin Secretion
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Progression to Diabetes vs Number of Autoantibodies
(GAD, ICA512, Insulin)
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Stages of Type 1 Diabetes Prevention

Time points at which intervention to prevent or delay
progression towards T1DM could be possible:

U before the development of islet cell autoimmunity

U during islet cell autoimmune attack before the onset
of clinically apparent disease

U at diagnosis of TLDM and in established disease




