C PEPTID

DOC. DR. KAGAN GUNGOR



Instlin sentezi

Insiilinin Sentezi

signal

sequence chain 8
N-ter
Endoplazmik
Retikulum preproinsulin
ﬂ chain B
GOIgI proinsulin
Aparatus chain A
chain C
“ < :_%! GLUT2
transporter
chain B
N-ter- O
Plasma
chain A
(—— " .
-ter

RER /—* @

Proinsulin \
)
2;5@%\
/' GA o
002 ’o o
K : I [©]
e T
Preproinsylin © Coo
MRNA Q
Immature
vesicles

© O
(J
®©Qb °o
O €]
O C-peptide
(2] Mature
. ® granules
()
. \. “.: .
e o _0
\L:_'
Exocytosis
Insulin
Voltage-gated

Ca? channel

Trends in Endocrinology & Metabolism



Legend

=== |nsulin A-chain Prohormone
y convertases 1 and 2

=== |nsulin B-chain
Disulphide bridge

= C-peptide

C-peptide .

l"

\%Proinsulin

\\ Golgi a%Na P,
G apparatus’ Granular
e B 3= endoplasmic
b ¥ gl AN reticulum
Proinsulin
A e

Preproinsuli

7 4
-
P
-
s
7
&
o
o
S
mRNA -




C Peptid Nedi
Connecting Pe

* Proinsulinin
endopeptidaz enzimleri
ile parcalanmasi ile
olusur

* Insiilin ile es miktarda
C peptid salinir

Pro-Insulin

/ \ 31 amino acids
“A"' Chain
Iyw RS (121 amino acids)
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(30 amino acids)

Insulin Connecting Peptide



Neden C peptid instlin degil ?

INSULIN C PEPTID
e Yari omru 3-5 dakika * Yari 0mru 20-30 dakika
* Hepatik ilk gegis etkisi ile %50 si salgilanir * Hepatik ilk gecis etkisinden etkilenmez

salgilanmaz metabolize edilir.

periferik Klirensi degiskendir * Periferik klirensi sabit hizla olur

: L : * Eksojen ve endojen insulin etkisinden
Eksojen ve endojen instlin cross reaksiyona ba deserlendirili
girer ayirt edilemez agimsiz degerienairitir

SONUC; BETA HUCRE REZERVINi DEGERLENDIRMEDE C
PEPTID ALTIN STANDART TESTTIR



C-peptid

 Saglikl eriskinlerde
* plazma C-peptid diizeyleri aclikta 0.3-0.6 nmol/L (0.91-1.82 ng/mL),
* toklukta 1-3 nmol/L (3.03-9.09 ng/mL).

* 1 nmol/ L=1 pmol/ml=1000 pmol/l =3 ng/ml

Jones AG et al. Diabet. Med. 2013;30:803-817.
Leighton E et al, Diabetes Ther, 2017



C peptid diizeyini etkileyen durumlar
Beta hucre kitlesinden bagimsiz

s Disuk glukoz disiik C peptid

** Glukoz > 140 mg/dL iken olcilen C peptid
stimule (uyarilmis) C peptid olarak
degerlendirilmelidir

Glukoz diizeyi

instilin direnci % C peptid diizeyleri artar




C peptid dlcim standardi

Diinya Saglik Orgitiiniin C peptid dlcimiinde getirdigi
standardizasyona ragmen farkl kit ve laboratuvar olctimleri
arasinda farkhlik olabilmektedir. Mimkiinse ayni laboratuvar ve
kitlerle yapilmis test sonuclarini karsilastirmak (takip icin art
arda degerler bakilacaksa) onerilir

World Health Organization Standart (International Reference
Reagent (IRR) 84/510



C-peptid: Ol¢iim Yontemleri

e C-peptid 6lcum yontemleri:

e idrar:

* |drar dizeyi: Borik asit ile toplandiginda oda isisinda Uc giin kalabilir. Bobrek
fonksiyonu normal olanlarda pankreas tarafindan uretilen C-peptidin %5-10’
nunu yansitir.

e idrar C-peptid/kreatinin: Normal glukoz toleransi olanlarda 24 saatlik idrar C-
peptidi ile iyi koreledir.

* Kan:
* Uyarilmamis serum duizeyi: Aclik veya herhangi bir zamanda alinabilir

e Uyarilmis serum dizeyi: Glukagon, IV/oral glukoz, tolbutamid, stlfonilire,
GLP-1, aminoasitler, miks-meal

Leighton E et al, Diabetes Ther, 2017



Aclik C peptid Random (Rastgele) C peptid

* Denge statik durumu gosterir * Dinamik degerlendirme

« Oglin sonrasi artan glukoz diizeyi
ve inkretin etkiden etkilenir



Dinamik C peptid degerlendirme testler:

* Glukagon Stimulasyon Testi GST
* Mix Meal Tolerans Testi MMTT
e Oral Glukoz Tolerans Testi OGTT



C peptidin tibbi kullanim vyerleri

1) Tanisal
2) Prognostik
3) Tedaviyaniti degerlendirme 6ngoérme



C peptidin tanisal kullanimi

* Tip 1 Diyabet tanisi koymada

* Tip 1ile Tip 2 Diyabeti ayirt etmede

* MODY tanisi koymada

* LADA tanisi koymada antikor testi ile birlikte

* CGMS (surekli glukoz monitorize eden sistemlerin) kullanim
endikasyonu acisindan

Leighton E et al. Diabetes Ther. 2017: 8:475-487



C peptidin prognostik anlami

* Diyabet suresinin belirteci

* Dusuk C peptid Tip 1 diyabetik hastada daha cok mikrovaskuler
komplikasyon dngorust anlamina gelir

* Dustik C peptid daha yuksek glukoz variabilitesi (degiskenligi) daha
yuksek HbA1C

* Ne kadar dusuk C peptid o kadar yuksek hipoglisemi riski

Leighton E et al. Diabetes Ther. 2017: 8:475-487



C peptidin tedavi yaniti degerlendirme ve
ongodrmede veri

* Ne kadar dusuk bazal C peptid o kadar fazla insilin ihtiyaci
* Ne kadar dusuk bazal C peptid o kadar kisa strede instlin gereksinimi

* Bazal C peptid dlzeyi yuksek olan hastalar metformine ve
silfanilirelere iyi yanit verir

* Bazal C peptid dlzeyi yuksek olan hastalar thiazolidindionlara iyi yanit
verir

* Bazal C peptid dlzeyi yuksek olan hastalar GLP-1 analogu tedavilerine
Iyl yanit verir

Leighton E et al. Diabetes Ther. 2017: 8:475-487



C-peptid Diyabet disi kullanim

e C-peptid, diyabet disi hipoglisemilerin tanisinda onemlidir:

* insiilinoma
* Faktisyoz hipoglisemi

Leighton E et al. Diabetes Ther. 2017: 8:475-487
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C-peptid: Tip 1 ve Tip 2 diyabeti ayirt etmede tanisal degeri

Reference

Number, population and study
design

C-peptide test*

C-peptide threshold and
predictive value of values below
or above threshold for diabetes
subtype or islet autoantibody
status

Notes

At diagnosis of diabetes

Ludvigsson, 2012
[67]

Thunander, 2012
[18]

Katz, 2007 [129]

Torn, 2001 [38]

2734 children newly diagnosed
with diabetes (Type 1 95%,
Type 2 or MODY 3%).
C-peptide alone compared with
final diagnosis incorporating
clinical features and knowledge
of autoantibody status,
C-peptide, human leukocyte
antigen (HLA) status and (in
some cases) MODY genetics

1178 adults diagnosed over
20 years (mean age 66).
C-peptide at diagnosis
compared with presence or
absence of islet autoantibodies
(GAD or ICA, 4.9% antibody
positive)

175 children with new-onset
diabetes. Type 2 diabetes (15%)
if obese, relative with Type 2
diabetes, ability to wean from
insulin, GAD antibody negative

486 newly diagnosed aged
15-34 years, C-peptide
measured in either fasting
or non-fasting ‘random’ and
compared with presence of islet
autoantibodies (ICA, GAD,
IA-2A, 74% antibody positive)

Non-fasting
‘random’

Fasting

Fasting

Fasting and non-
fasting ‘random’

< 0.2 nmol/l > 99.8% predictive
value Type 1 diabetes
> 1.0 nmol/l 46% predictive

value Type 2 diabetes or
MODY

< 0.6 nmol/l 30.1% predictive
value autoantibodies,
> 0.6 nmol/l 97.4% predictive

value absence of autoantibodies

< 0.28 nmol/l 98% predictive
value Type 1 diabetes

> 0.28 nmol/l 48% predictive
value Type 2 diabetes

Fasting < 0.3 nmol/l 85%
predictive value autoantibodies

Non-fasting < 0.3 nmol/l 94%
predictive value autoantibodies

Fasting > 1.0 nmol/l 75%
predictive value absense of
autoantibodies

Non-fasting > 1.0 nmol/l 83%
predictive value absense of
autoantibodies

C-peptide at diagnosis

a much stronger
predictor of Type 2
diabetes or MODY

than age or glycaemia

C-peptide superior to

age and BMI in
discriminating
autoimmune and
non-autoimmune
diabetes

Jones AG et al. Diabet. Med. 2013;30:803-817



Reference

Number, population and study
design

C-peptide test*

C-peptide threshold and
predictive value of values below
or above threshold for diabetes
subtype or islet autoantibody
status

Notes

Long-standing diabetes

Besser, 20117 [65]

Berger, 2000 [39]

Service, 1997 [130]

Urine C-peptide:creatinine ratio
measured post-home meal in 70
patients with Type 1 diabetes
(diagnosis age < 30 years,
insulin from diagnosis) and 69
patients with Type 2 diabetes
(diagnosis > 30 years, no
insulin in first post-diagnosis
year)

Retrospective analysis of 1093
patients with well-defined
diabetes type (34% Type 1)
who had had C-peptide
measured in clinical care
(duration at C-peptide testing
not reported). Type 2 diabetes:
clinicians diagnosis and no
insulin for 3 years. Type 1
diabetes: clinicians diagnosis
and continuous insulin for
> 3 years from diagnosis

346 patients with diabetes
(mostly long-standing) classified
as insulin-dependent diabetes
(24%) and non-insulin-
dependent diabetes (76%) by
clinical algorithm. Clinical

Urine C-peptide:

creatinine ratio

Fasting
Non-fasting
C-peptide with
glucose
> 8 mmol/l

Glucagon
stimulated

Fasting and
increment in
mixed-meal
tolerance test

autoantibodies

< 0.2 nmol/mol 98.5%
predictive value Type 1 diabetes

> 0.2 nmol/l 95.3% predictive
value Type 2 diabetes

Fasting < 0.42 nmol/l 81.0%
predictive value Type 1 diabetes

Fasting > 0.42 nmol/l 91.3%
predictive value Type 2 diabetes

Non-fasting < 0.5 nmol/l 91.5%
predictive value Type 1 diabetes

Non-fasting > 0.5 nmol/l 95.3%
predictive value Type 2 diabetes

Glucagon-stimulated
< 0.6 nmol/l 93.9% predictive
value Type 1 diabetes

Glucagon-stimulated
> 0.6 nmol/l 77.1%

Fasting C-peptide < 0.17 nmol
and mixed-meal tolerance test
increment < 0.07 predictive
value Type 1 diabetes 77%.

All other C-peptide responses

Long duration diabetes
(Type 1 diabetes median
34 years) may account
for high performance of
the low threshold in
predicting Type 2
diabetes

C-peptide may have
influenced diagnosis.
Included patients whose
C-peptide was measured
at or close to diagnosis

Follow-up for up to
8 years showed C-
peptide classification
remained stable




Reference

Number, population and study
design

C-peptide test*

C-peptide threshold and
predictive value of values below
or above threshold for diabetes
subtype or islet autoantibody
status

Notes

Prior, 1993 [41]

classification compared with
classification by C-peptide—
fasting < 0.17 nmol/l and
increment < 0.07 indicating
insulin-dependent diabetes, all
other responses defined as
Type 2 diabetes

373 (Type 2 diabetes 114) adults
with known retinopathy
meeting study definitions of
Type 1 diabetes (n = 259,
diagnosis < 30 years, insulin
within 1 year, weight < 120%
desirable) or Type 2 diabetes
(n = 114, diagnosis > 30 years
and not on insulin or diagnosis
> 40 years and weight 120%
desirable)

Fasting and
90 min 1n
mixed-meal
tolerance test

predictive value Type 2 diabetes
93%

Mixed-meal tolerance test
C-peptide < 0.08 nmol/
1 = 100% predictive value
Type 1 diabetes. Mixed-meal
tolerance test C-peptide
> 0.08 nmol/l 91% predictive
value Type 2 diabetes.

Fasting C-peptide < or
> 0.08 nmol/l 97.4% agreement
with mixed-meal tolerance test
classification

Long duration of diabetes
(retinopathy required for
inclusion) may account

for the low threshold

chosen
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LADA C peptid calismalar

Diabetes type

LADA

Adult-onset newly
diagnosed diabetes

C-peptide levels (nmol/L) of

clinical interest

<0.30
=0.30 and 20.70

>0.70

0.30 (fasting)

Interpretation

N7

Identify people requiring insulin therapy

N7

Identify people who might benefit from a
flexible therapeutic approach and from
regular C-peptide measurements over time

-  ldentify people who can be treated according
to the T2D guidelines and who should
repeat C-peptide measurement if
glycaemic control deteriorates

- Stratify people with adult-onset diabetes for
different risk metabolic profiles
independently from GADA and age at
onset

Maddoloni et al. Diabetes Obes Metab.2022;24:1912-1926



MODY
Maturity Onset Diabates of Young

* Tip 1 diyabet tanisi almis bir hastada tanidan 3-5 yil zaman gecmis
olmasina ragmen;
* Aclik C peptid> 0.08 nmol/L
* Random ya da uyarilmis C peptid > 0.2 nmol/L
* Yemek sonrasi idrar C peptid/ kreatinin orani > 0.2 nmol/mmol

« MODY/ T2DM distin
* Aclik C peptid> 0.2 nmol/L
* Random ya da uyarilmis C peptid > 0.4 nmol/L
* Yemek sonrasi idrar C peptid/ kreatinin orani > 1.1 nmol/mmol

Jones AG et al, DiabeticMedicine ,2013



Ozet

* Kanda
* Uyarilmis C-peptid < 0.2 nmol/L
* Aclik < 0.08 nmol/L veya
* Yemek sonrasi idrar C-peptid:kreatinin orani < 0.2 nmol/ mmol
mutlak insulin eksikligini ve mutlak insilin gereksinimini dogrular.

* |nsulin kullanan bir diyabetlide;
 Uyarilmis C-peptid < 0.6 nmol/L
* Aclik C-peptid < 0.25 nmol/L ve/veya
* Yemek sonrasi idrar C-peptid:kreatinin orani < 0.6 nmol/ mmol
ise ciddi insulin eksikligi ve Tip 1 DM’a isaret eder.

* C-peptid degerleri tanidan 3-5 ?II| sonra hala bu degerler Ustliinde ise tanida Tip 2 DM
veya monogenik diyabet distinutlmelidir.

Jones AG et al, DiabeticMedicine ,2013



LADA

WHO 2019: slowly evolving, immune-mediated diabetes of adults (LADA)
World Health Organization, Classification of Diabetes Mellitus, Geneva, (2019).

* Yas >30 (ileri yas (>60) LADA ile ilgili veri yetersiz)
» Ozgecmis ve soygecmiste otoimmun hastalik hikayesi

* Tip 2 diyabete gore daha az metabolik sendrom 6zellikleri (daha
dusiuk BKIl, daha az hipertansiyon, daha dusik HOMA ve daha normal
HDL Kolesterol diizeyleri)

e C peptid disuk olur ancak C peptid zamanla distsu Tip 1 den yavas

* Anti GAD en spesifik antikor (digerleri daha az ve spesifik ICA, IA-2A,
ZNT8A ve tetraspanin 7)

* Hastalik baslangicinda genelde insulin ihtiyaci géstermez

Buzzetti R,et al.Diabetes,2020



Hangi hastada LADA taranmali ?

1) Akut diyabet semptomlari * Bes kriterden 2 ve daha
2) BKl< 25 fazlasi varsa LADA
arastirilmali

3) Diyabet tani yasi <50 ,
 LADA risk skoru 2 2

4) Ozgecmisinde otoimmun hastalik

5) Soygecmisinde otoimmun hastalik

S. Fourlanos, C. Perry, M.S. Stein, J. Stankovich, L.C. Harrison, P.G. Colman, A
clinical screening tool identifies autoimmune diabetes in adults, Diabetes Care
(2006), https://doi.org/10.2337/dc05-2101.



LADA TIP 2 DIYABET AYIRICI TANIS

—

[ GADA screening —ve ={ T2D** I

I
+ve

1 [ Suspect LADA (i.e., lean or
| Measure serum/plasma C-peptide }: + [ other autoimmune disease)

Action Screen for IA-2A

1 M l Repeat C-peptide at 6=-month
[ <0.3 nmol/L J [20.3 -<0.7 nmoI!L] [ >0.7 nmoIiL]—' intervals or deterioration of
l l 1 glucose control

| LADA algorithm applied | | T2D - ADA/EASD guidelines applied |

Figure 1—Algorithm for LADA diagnostic pathway based on autoantibody screening and C-peptide levels at diagnosis (to be used when
financial restriction does not apply). Consider also pancreatitis or monogenic diabetes.

Buzzetti R,et al.Diabetes,2020



TEDAV]

<0.3 nmollL———— C-peptide |———— 20.3 and <0.7 nmol/L

l

!

[ Insulin Use metformin and reassess every 6 months, no SU.
(

basal and/or prandial)

Apply ADA/EASD guidelines

[ Indicators of high risk - Established ASCVD or CKD

!

[ ASCVD predominates

] 'HF or CKD predominates‘

¥ ]

v

~

GLP-1RA SGLT2i with proven
with proven CVD benefit, if eGFR
CVD benefit adequate and BMI
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Consider potential
insulin requirement
and risk of future
deterioration and
ketoacidosis.

. i 7

Basal insulin
in combination
with GLP-1RA

or SGLTZiin
presence of
HbA, . >9%

SGLT2i with proven CVD benefit, if

Consider potential insulin
requirement and risk of future
deterioration and ketoacidosis.

If SGLT2i not tolerated or

proven CVD benefit.

_eGFER adequate and BMI >27 kg/m?,

contraindicated, add GLP-1RA with

A 4

—

If HbA,. above target

] [ If HbA, . above target

]

|

Insulin basal bolus

—

| [ Keep as ADA/EASD

guidelines, but delete SU

|

Figure 2 — Algorithm for glucose-lowering medications in LADA patients with C-peptide <0.3 mmol/L or with C-peptide =0.3 and =0.7 nmol/L.
ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular

filtration rate; HF, heart failure.

Buzzetti R,et al.Diabetes,2020



TEDAVI

[ Glucose-lowering medications in LADA ]
|
[ C-peptide levels: 20.3 and <0.7 nmol/L* ]
v
( Without established ASCVD or CKD ]
I
' ! !
[ opp4i J[ eprA | seLm2it || TZD ]
: v . }
[ If HbA, , above target ] [ If HbA,, above target ] [ If HbA, above target ] [ If HbA,  above target ]
v

Basal insulin or
GLP-1RA or DPP-4i or SGLT2i

[Basal insulin or SGLTZi] Basal insulin or DPP-4i or GLP-1RA
GLP-1RA or SGLT2i

r

[ If HbA,_ above target ]

|

[ Insulin basal-bolus ]

Figure 3— Algorithm for glucose-lowering medications in LADA patients with C-peptide levels =0.3 and =0.7 nmol/L without established
ASCVD (atherosclerotic cardiovascular disease) or CKD (chronic kidney disease). *Deviation from ADA/EASD T2D algorithm. **Increased risk
of diabetic ketoacidosis, especially in patients with BMI =27.

Buzzetti R,et al.Diabetes, 2020



C-Peptid: Yas ve Diyabet Suresi
prognostik veriler
* C-peptid diuzeyleri diyabet siresi ile paralel diisus gosterir.
* Tip 1 DM’de miks meal sonrasi C-peptid diizeyi 0.2 nmol/L (0.61
ng/ml) olanlarin orani
* 5 yilda %48
e 5-15 yilda %8

* Hastalik ortaya cikis yasi kiictldiikce (10 yas alti) daha hizli bir kayip
olur.

e 18 yas ustunde tani koyulanlarda daha fazla hastada o6lculebilir C-
peptid duzeyleri gorulir. (18 yas altinda tani konanlara kiyasla)

Leighton E et al, Diabetes Ther, 2017



Tip 1 Diyabet C peptid calismalar
prognostik veriler

Study

Jacobsen et al.**

Evans-Molina et al.>®

Willemsen et al.??

Rickels et al.**

Zenz et al.**

Gibb et al.*

Marren et al.*

Gubitosi-Klug et al.*’

Thivolet et al.*®

Jeyam et al.*®

Foteinopoulou et al.**®

Diabetes type

T1D (stage 1)

T1D (stage 1)

TiD

TiD

TiD

TiD
TiD (>5y)
TiD
T1D

TiD

TiD

C-peptide levels (nmol/L) of
clinical interest

Index 60* <1.0

N/A

N/A

>0.40 (after MMTT)

20.05 (fasting)

>0.01 (random)

>0.02 (after MMTT)
>0.03 (after MMTT)
>0.03 (after MMTT)

>0.20 (random)

>0.20 (random)

Vo

N R

>

Interpretation

Reduced risk (77%) of T1D among children
with multiple pancreatic aAb

Compared with aAb negative youths, those
with detectable pancreatic aAb have lower
C-peptide levels already =5 y before T1D
onset

Among progressors, fasting C-peptide
increases and early C-peptide response to
OGTT decreases as the onset of T1D
approaches

C-peptide measurement in dried blood spots
is feasible to monitor beta-cell function
slopes at home

Higher time in range

Higher glucagon and endogenous glucose
production in response to hypoglycaemia

Lower time below range
Lower rate of self-reported hypoglycaemia
Lower risk of severe hypoglycaemia

No association with glucagon response to
MMTT

Lower insulin requirement, HbA1c, DKA and
hypoglycaemia risk. The association with
hypoglycaemia episodes was linear down
to C-peptide levels of 0.003 nmol/L

Consider further evaluations to eventually
reclassify diabetes type

Maddoloni et al. Diabetes Obes Metab.2022;24:1912-1926



Tip 2 Diyabet C peptid Calismalar
prognostik veriler

Study

Sokooti et al.?”

Tuccinardi et al.*®*

Landgraf et al.1*®

Hope et al.1**

Diabetes type

T2D

T2D (insulin-treated)

T2D

T2D (insulin-treated)

C-peptide levels (nmol/L) of

clinical interest

N/A

0.36 (fasting)

=0.40 (fasting)

<0.20 (random)

Interpretation

Fasting C-peptide improves the FOS risk
score for the estimation of T2D risk in the
general population (the higher the C-
peptide, the higher the risk) Sensitivity
analyses showed C-peptide was an
independent predictor only among people
without hypertension

Cut-off with 45% sensitivity and 81%
specificity for identifying people with T2D
on basal-bolus treatment among people
with T2D on insulin treatment

Worse HbA1c values and higher rate of
hypoglycaemic episodes (including severe)
after starting basal insulin, despite lower
insulin dose (IU/kg), compared with people
with higher C-peptide values

High hypoglycaemic risk, including risk of
severe hypoglycaemias

Maddoloni et al. Diabetes Obes Metab.2022;24:1912-1926



C-Peptid: insiilin Tedavi Karari

e Tanida aclik C-peptid diizeyinin < 0.25 nmol/L (0.76 ng/ml) olmasi daha sonraki
insulin tedavisi icin bagimsiz bir risk faktoradur.

* Glukagon uyari testi sonrasi pik degerin 0.6 nmol/L (1.82 ng/ml) den diistik olmasi
instlin tedavi ihtiyacini gosterir.

 Tip 2 DM’lularda insllin tedavisine baslama suresi; miks meal testi sonrasi C-
peptid dizeyi en fazla 0.2 nmol/L (0.61 ng/ml) olanlarda 2.5 vyil iken; bu degerin
ustunde olanlarda 6 yildir.

e Uyarilmis C-peptid degerinin 0.2 nmol/L (0.61 ng/ml) ve alti olmasi; yetersiz beta
hiicre rezervi ve insulin tedavi ihtiyaci icin bir cut-off deger olarak kullanilabilir. Bu
hastalarda yogun insulin tedavisi faydali olur.

* Aclik C-peptid degerinin 0.25 nmol/L (0.76 ng/ml) altinda olmasi ve/veya ICA
pozitifligi insulin tedavi gerekliligi icin yararli bir gbstergedir.

Leighton E et al, Diabetes Ther, 2017
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eniz University School of Medicine, Department of Internal Medicine, Division of Endocrinology, Antalya, Turkey
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Ozet

Amag: C-peptid beta hicre fonksiyonunu gosteren 6zgul bir belirtectir ve tedavi algoritmasinda kullanima sahip olabilir. Bu retrospektif de-
gerlendirmede, daha énce tani almis ve tedavi altindaki tip 2 diyabet mellitus (T2DM) hastalarinin tedavilerinin gincel kilavuzda yer alan
CP gudUmIlU tedavi 6nerileri ile uyumunun incelenmesi amacglandi.

Gere¢ ve Yontem: Bu retrospektif calismaya klinigimize basvuran, klinik kayitlan ve eszamanl aclik plazma glukozu, c-peptid dizeyi ve
HbAlc dizeyi 6lcUlmus 179 T2DM hastasi alindi. CP dUzeyleri tedavi altinda 6l¢uldU ve tedavi degistirme veya yeni tedavi baslama ama-
ciyla kullanilmadi. Analiz icin SPSS 17.0 paket programi kullanildi.

Bulgular: Ortalama CP dizeyi tUm hastalarda 2.71 ng/mL saptandi. On iki hastada (%6.7) yetersiz rezervuar (CP<0.5 ng/mlL), yetmis has-
tada (%39.1) sinirda rezervuar (CP: 0.5-2 ng/mL) ve 97 hastada (%54.2) yeterli rezervuar bulunmustur. Her 0¢ grup da yas, cinsiyet, aclik
kan glukozu ve HbAIc agisindan benzerdir. Yeterli rezervuar grubunda metformin kullanimi daha sik iken, yetersiz rezervuar grubundaki
tOm hastalar insulin kullanmaktadir.

Tarhsma: CP 6lcumUnun literatUrde diyabet tipi belirleme, tedavi yanitini tahmin etme ve beta hicre rezervuanni gésterme gibi endikas-
yonlar olsa da, bu ¢alisma sonucunca T2DM hastalarn icin tedavi seciminde CP 6l¢cimUnin kullaniminin kisith oldugunu disOnmekteyiz.
Anahtar kelimeler: C-peptid; insulin; tip 2 diyabetes mellitus
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Figure 1 Proposed mechanisms (dashed rectangles) by which C-peptide may prevent, retard, or ameliorate diabetic complications in patient with type-1
diabetes. | : Decrease; 1: Increase.
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Fig. 2. Simplified model of the pathogenesis
of diabetic nephropathy. C-peptide is renopro- v
tective in type 1 d.lz-lberes via inhibiting tubulzfr Afferent arteriolar dilation I
sodium reabsorption, reducing afferent arteri-
olar diameter and glomerular permeability,
preventing and attenuating the progression of Y .g)
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merulosclerosis, and tubulointerstitial fibrosis. o ¥ ¥ ) ®
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however, it appears that C-peptide exerts its - - . 1
renoprotective effects independently of blood Macrophage infiltration |
glucose regulation.
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Fig. 3. Autocrine C-peptide model underlying
[3-cell adaptation to oxidative stress. The cen-
terpiece of functional B-cell mass is insulin
secretion, which is cosecreted in equimolar
amounts with C-peptide. Autocrine action of
C-peptide, which protects functional B-cell
mass, should therefore provide a buffer of
protection for its own secretion as well as that
of insulin. In addition to binding to its recep-
tor GPR 146 for such autocrine actions, C-pep-
tide is predicted to regulate at least 3 distinct
pathways in the B-cell: 1) deactivation of the
NF-kB pathway, which protects against apo-
ptosis; 2) inhibition of pathways that generate
ROS including the plasmalemma NADPH ox-
idase and the mitochondrial electron transport
chain; 3) activation of pathways that catalyze
the degradation of ROS by activating antiox-
idant enzymes superoxide dismutase, catalase,
and glutathione peroxidase. In the absence of
these autocrine actions of C-peptide, more
prolonged and higher accumulation of ROS
and apoptosis would accelerate loss of B-cell
functional mass. This suggests a tipping point
in loss of functional B-cell mass where the
loss in C-peptide secretion and its autocrine
protection results in a downward spiral of both
secretion and protection, ultimately leading to
few if any B-cells.
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Fig. 4. C-peptide-initiated signaling cascades.
C-peptide is associated with the regulation of
several signaling cascades, including phospho-
lipase C (PLC) and the NF-kB pathway. These
intracellular signaling events are likely medi-
ated by a G protein-coupled receptor such as
GPR146, which has been shown to be neces-
sary for C-peptide signaling in KATOIII cells.
GPR146 interacts with an as yet unknown G
protein, which could be either Ga; or Gaw,
since several of the cellular actions of C-pep-
tide were shown to be pertussis toxin sensitive.
GPR146 may interact physically with addi-
tional proteins on the cell membrane, such as
an integrin (green box). C-peptide and insulin
appear to functionally interact, particularly at
the level of Akt. Akt, protein kinase B; Ca™ ™,
calcium ion; eNOS, endothelial NO synthase:
ERK1/2, extracellular signal-regulated kinase;
G?, G protein; GLUT, glucose transporter;
IRS-1, insulin receptor substrate 1; JNK, c-Jun
NHo-terminal kinase; Na™ . K*"-ATPase, sodi-
um/potassium ATPase; NO, nitric oxide; NF-
kB, nuclear factor k-light-chain-enhancer of
activated B cells; PKC, protein kinase C; PLC,
phospholipase C; PI3-K, phosphotidylinositol
3-kinase: p38 MAPK, mitogen-activated pro-
tein kinase; RhoA, Ras homolog gene family,
member A.

Ca++

GPR146 | ' '

Yosten GLC. Am J Physiol Endocrinol Metab. 2014 Dec 1;307(11):E955-68.



C-Peptide in Insulin Resistance and Vascular Complications:
Teaching an Old Dog New Tricks

Dennis Bruemmer
From the Division of Endocrinology and Molecular Medicine, University of Kentucky College of
Medicine, Lexington.

Keywords
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Clinical Evidence Linking Insulin Resistance, Hyperinsulinemia, and
Cardiovascular Disease

Based on the recent evidence that patients with type 2 diabetes have the same risk of myocardial
infarction as nondiabetic subjects with a history of infarction, diabetes has been designated as
an atherosclerosis equivalem.l Insulin resistance plays a primary role in the development of
type 2 diabetes and considerable evidence supports the association between insulin resistance,
hyperinsulinemia, and vascular disease 23 Although the molecular mechanisms are
incompletely understood, this association is supported by several large clinical studies showing
a direct relationship between insulin levels and cardiovascular risk. The Paris Prospective
Smdyjr and the Multiple Risk Factor Intervention Trial (MRFIT)” reported positive
relationships between insulin levels and atherosclerotic events. In addition, the Veterans
Affairs High Density Lipoprotein Intervention Trial (VA-HIT)6 demonstrated the highest
incidence of cardiovascular events in the subgroups with highest levels of insulin. Finally. the
landmark Insulin Resistance Atherosclerosis Study (IRAS) provided further evidence for an
inverse relationship between carotid intima-medial thickness and insulin .=sensiti\«'iry.7

C-Peptide: The Old Dog With a New Trick

In this issue of Circulation Research, Walcher and colleagues extend our current knowledge
on mechanisms promoting SMC proliferation under conditions of hyperinsulinemia by adding
C-peptide to the list of mitogens.18 C-peptide. the 31 amino-acid residue formed during

Bruemmer D.Circ Res. 2006 Nov 24;99(11):1149-51.
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Is C-peptide a predictor of severity of coronary artery disease in )
metabolic syndrome? An observational study e
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ARTICLE INFO ABSTRACT
Article history: Background: Various cardiovascular disease (CVD) risk factors have been implicated to correlate with the
Received 20 November 2017 severity of the disease. Present study was conducted to correlate one such risk factor i.e. fasting serum C-

Accepted 8 July 2018

- - peptide with the presence or absence and the severity of CVD in Indian population.
Available online 19 July 2018

Methods: 68 patients with metabolic syndrome who underwent coronary angiogram for suspected CVD
were included. Their fasting serum C-peptide levels were measured in addition to routine biochemical
and cardiological tests. They were divided into 2 groups — those with a positive coronary angiography
. findings (Group 1) and those with normal coronary angiograms (Group 2). The former group was further
Metabolic syndrome . . . . b .
Coronary artery disease cll\nc.led into those with an Acute Corupary Syndrome (ACS) (Group la)- and those with Chron.lc Stab.le
Insulin resistance Angina (CSA) (Group 1b). SYNTAX scoring was done to assess the severity of coronary artery disease in
SYNTAX score groups 1a and 1b. Levels of C-peptide were compared between the groups.
Results: The mean C-peptide of all patients was 1.9 (+0.8) ng/mL. Among the group 2 patients, mean
serum C-peptide value was 1.6 (+0.4) ng/mL. And it was 2.7 (+0.8) ng/mL and 1.7 (+0.9) ng/mL among
the ACS and the CSA groups respectively. The ACS and CSA group had statistically significant higher
values of C-peptide compared to patients with normal coronary angiograms. The two-way ANOVA done
to find out the variability of C-peptide among the 3 groups revealed significant differences among the
groups with a p-value of <0.001. When correlated with SYNTAX scores, this yielded significant results.
Conclusion: C-peptide levels appear to correlate with the severity of the CVD as measured by SYNTAX
score.
© 2018 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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High c-peptide level: marker of mortality in
type 2 diabetes mellitus patients

Cigdem BUDAK ECE!, Zafer PEKKOLAY*?, Alpaslan Kemal TUZCU?

! Selahattin Eyyubi State Hospital, Clinic of Internal Medicine Diyarbakir/Turkey
? Dicle University Medical Faculty, Department of Adult Endocrinology, Diyarbakir/Turkey

Abstract

Objective: We aimed to retrospectively investigate the effect of c-peptide level on mortality in
patients with Type 2 Diabetes Mellitus.

Methods: Patients who applied to the Dicle University Medical Faculty in 2012 were screened in
the database and included a 1000 DM patient with c-peptide, after 5 years the patients were re-
evaluated. The patients were then categorized. The patients were divided into two groups, dead

patients and living patients. Two groups of c-peptide levels were compared.

Results: Totally 1000 patients included in the study. 392 (39.2%) of the patients were male and 608
(60.8%) were female, the mean age was 57. Patients were divided into two groups: the patient
group who died and the patient group who was living. The number of patients died was 146
(14.6%) and the number of living patients was 844 (75.4%,). C-peptide levels were found to be
higher in patients who died (3,5 + 2,7 ng / ml) than those who survived (2,9 £ 1,7 ng / ml) and
statistically significant (p<0.05).

Conclusion: The high c-peptide levels in patients with Diabetes Mellitus, it may be an important

parameter to predict mortality.



Tip 2 diyabet hastalarinda artan C peptid KV ve
tim nedenlerden mortalite ile iliskilidir

Study 1D ES (95% CI) Weight (%)
All-cause mortality
Wolpin (2008) —_— 211 (1.06,421) 1.30
Hirai (2009) - 115 (104, 1.29) 11.07
Griffith (2011) d 105 (100, 1.09) 13.24
Irwin (201 1) — 131 (106, 1.63) T.10
Volkova (2011) 4 1.02 (096, 1.07) 12,87
Patel (2012) — 1.7201.34,2.21) 6.07
Bo(2012) T 110{0.93, 1.30) 8.75
Min (2013} —_— 1.80(1.33,2.43) 486
Marx (2013) — 146 (1.10, 1.93) 530
Cardellini (2017) b 109 (0,90, 1.32) 788
Pikkemaat (2019) —_—— 220(1.4%,3.25) 339
Schrauben (2019) T 1.09 (0,94, 1.27) 9,40
Zhu (2020) —— 1.14 (0.63, 2.08) 168
Guercio (20200 s 113 (081, 1.40) 709
Subtotal (I-squared = 76.8%, p = 0.000) <o 1220112, 132) 100,00
CVDs mortality
Rovere (2003 ) < + 0.25 (0,08, 0.74) 381
Hirai (2009) == 119 (1,02, 139) 14,60
Hirai {2009 —— 1.0 (085, 1.40) 13.40
Patel (2012) —_— 160 (1.07, 2.349) 11.05
Bo (2012 — 0.92 (0,73, 1,17) 13,59
Min {2013) —— 320207, 493) 10,55
Marx (2013) —_— 1.55 (1,07, 2,24) 11.56
Cardellini (2017) —— 138 (1,05, 1,80) 13,11
Pikkemaat (2019} —_—— 269 (1,49, 4.85) 831
Subtotal (I-squarcd = 81.8%, p = 0.000) < 138 (1,08, 1,77) 100.00
NOTE: Weights are from random effects analysis
I T
08 125

Ahmadirad H,Front Cardiovasc Med. 2023 Jul 7;10:1205481.
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C-peptide concentrations in patients with type 2 diabetes treated with N
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ARTICLE INFO ABSTRACT
Article history: Aims: To determine beta cell reserves of patients with type 2 diabetes who are treated with insulin by
Received 25 July 2019 using fasting C-peptide concentrations and to investigate the clinical features related to C-peptide

Received in revised form
14 November 2019
Accepted 15 November 2019

concentrations.

Materials and methods: Patients with type 2 diabetes, who were using insulin as monotherapy or in
combination therapy, were divided into three groups; those with an insufficient beta cell reserve (C-
peptide: <0.5 ng/mL), borderline reserve (C-peptide: 0.5—2 ng/mL) and sufficient reserve (C-peptide:>

Keywords:

Type 2 diabetes 2 ng/mL).

C-peptide Results: In the 249 patients (mean age, 61.77 + 9.34 years; 40.6% male), the mean duration of diabetes
Beta-cell reserve was 13.9 + 8.43 years. The mean HbA1lc concentrations, fasting glucose and C-peptide concentrations
Insulin use were 8.88 + 1.87%, 184.29 + 77.88 mg/dL and 1.95 + 1.37 ng/mL, respectively. Fifty-seven percent of

patients (n = 142) had a borderline beta cell reserve and 37% (n = 92) had high C-peptide concentrations.
Only 6% of patients (n = 15) had an insufficient beta cell reserve. C-peptide levels were positively
correlated with waist circumference (r: 0.282; p = 0.001), hip circumference (r: 0.251; p = 0.001), body
mass index (r: 0.279; p = 0.001), fasting glucose concentrations (r: 0.309; p = 0.001) and triglyceride
concentrations (r: 0.358; p = 0.001).

Conclusion: In this study, almost all patients with type 2 diabetes using insulin were found to have
sufficient or borderline beta cell reserves and insulin resistance-related parameters were prominent in
those with adequate beta cell reserve.

Clinical trials no: NCT04005261

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.



| C peptid
Instlin Direnci gostergesi

+Model
DIABET-789; No.of Pages2

Available online at Elsevier Masson France
ScienceDirect EM|consulte Diabe Fes
www.sciencedirect.com www.em-consulte.com/en Metabolism

Diabetes & Metabolism xxx (2016) xxx—xxx

Letter to the editor
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Preoperative Fasting Plasma C-Peptide Levels as Predictors
of Remission of Type 2 Diabetes Mellitus after Bariatric
Surgery: A Systematic Review and Meta-Analysis

Wenmao Yan, MS, Rixing Bai, MD, Ming Yan, MD, Maomin Song, MD

Department of General Surgery, Beijing Tian Tan Hospital, Capital Medical University, 6 Tiantan Xili, Dongcheng District,
Beijing, China

ABSTRACT

Aims: The study evaluated the predictive role of preoperative fasting C-peptide, hemoglobin (Hb)Alc, fasting
plasma glucose (FPG), and body mass index (BMI) levels on diabetes remission in patients with type 2 dia-
betes following bariatric surgery. Methods: Medline, PubMed, Central, and Google Scholar databases of up to
September 7, 2016 were searched using the following terms: type 2 diabetes mellitus, gastric bypass, Roux-en-
Y, anastomosis, C-peptide, weight loss, HbA /HbAlc, predictive/predictor. Results: Meta-analysis of the pooled
data indicated that fasting C-peptide was predictive of increased chance of remission of type 2 diabetes (pooled
difference in means = 0.93, 95% confidence interval [CI] = 0.61 to 1.25, p < .001). The analysis also found that
FPG (pooled standardized mean difference = —0.42, 95% CI: —0.64 to —0.20, p < .004) and HbAlc levels (pooled
difference in means = —1.05, 95% CI: —1.48 to —0.62, p < .001) were associated with reduced odds of type 2 dia-
betes remission. BMI was not found to be associated with remission (pooled difference in means = 0.29, 95% CI:
0.30 to 0.88, p = .343). In general, subgroup analysis, which evaluated the pooled data from the retrospective and
prospective studies separately, gave similar results. Conclusions: Preoperative fasting plasma C-peptide was asso-
ciated with increased type 2 diabetes remission after bariatric surgery, whereas baseline HbAlc and FPG levels
were associated with reduced chance of remission. These parameters may be used as a guideline in weighing the
risks and benefits for surgical intervention in patients with type 2 diabetes.

Keywords diabetes; bariatric; surgery; C-peptide; remission; meta-analysis
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C-Peptide Levels Predict the Effectiveness of
Dipeptidyl Peptidase-4 Inhibitor Therapy
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Background. Our aim was to define the conditions that affect therapeutic success when dipeptidyl peptidase-4 (DPP-4) inhibitor is
added to metformin monotherapy. Materials and Methods. We reviewed the medical records of 56 patients who had received DPP-4
inhibitor as an add-on to metformin monotherapy and evaluated their response in the first year of therapy. Fasting blood glucose
(FBG), HbAlc, C-peptide, and weight of the patients were recorded at 3-month intervals during the first year of treatment. Resulfs.
Patients who added DPP-4 inhibitor to metformin monotherapy had significant weight loss (P = 0.004) and FBG and HbAlc levels
were significantly lowered during the first 6 months (both P < 0.001). Baseline levels of C-peptide were predictive for success of
the treatment (P = 0.02), even after correction for confounding factors, for example, age, gender, or BMI (P = 0.03). Duration
of diabetes was not a predictor of response to treatment (P = 0.60). Conclusion. Our study demonstrates that in patients having
inadequate glycemic control, the addition of a DPP-4 inhibitor as a second oral agent to metformin monotherapy provides better
glycemic control, protects 3-cell reserves, and does not cause weight gain. These effects depend on baseline C-peptide levels.
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Fasting plasma c-peptide level predicts the response of glucagon-like peptide-1 agonist
(exenatide) add on to metformin monotherapy in obese type 2 diabetics

Kagan GUNGORY = Serkan OZTURK?= Biilent CAN'«» Mehmet SARGIN!

! Department of Endocrinology and Metabolic Diseases, Istanbul Medeniyet University Goztepe Training and Research Hospital
Istanbul. Turkey

2 Department of Family Medicine, Istanbul Medeniyet University Goztepe Training and Research Hospital. Istanbul, Turkey

post-treatment (r: 0.4. p: 0.01). Multivariate logistic regression analysis showed that the baseline fasting plasma C-peptide level was an
independent predictor of successful glycemic control [exp.B: 6.6 (1.63-26-9) p: 0.008]. In a receiver operating characteristics (ROC) curve
analysis. a baseline plasma C-peptide level of 2.56 ng/mL was the best cut-off value. Initial fasting plasma C-peptide levels can predict the
treatment response of the GLP1-RA (exenatide 10 meg, twice daily) add on to metformin monotherapy in obese type 2 diabetics
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Rezsults. The C-peptide levels of oor patieats
showed a hghly sipmficant comelatoan with HOMA-IR
(p=0.001). A sipmificant posfive cormelation was found
between fasting plasma C-peptide level:s and NLR (r=0.36
and p-=0.007) im obesse women. The merease 1n C-pephide
levels had a sipmificast effect on the increases m NLR
(r2=0.31, p=0.002), howewver insulin had no sumilar effect on
NLE (r2=001, p=0.524).

Conclusien. Plazma C-peptide levels are better
correlated with NLE compared to other parameters of IR
C-pephide may be used as an efficient laboratory marker with
high relevance in IR and chronic inflammatory coaditions in
obese women.
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Diagnosis of Monogenic Diabetes
A diagnosis of one of the three most
common forms of MODY, including HFN1A-
MODY, GCK-MODY, and HNF4A-MODY,
allows for more cost-effective therapy
(no therapy for GCK-MODY; sulfonylureas
as first-line therapy for HNF1A-MODY
and HNF4A-MODY). Additionally, diag-
nosis can lead to identification of other
affected family members. Genetic screen-
ing is increasingly available and cost-
effective (176,178).

A diagnosis of MODY should be con-
sidered in individuals who have atypical
diabetes and multiple family members

auspeELLEU SNUUIU DE TeEIelireu w d spe-
cialist for further evaluation if available,
and consultation can be obtained from
several centers. Readily available com-
mercial genetic testing following the
criteria listed below now enables a
cost-effective (186), often cost-saving, ge-
netic diagnosis that is increasingly sup-
ported by health insurance. A biomarker
screening pathway, such as the combina-
tion of urinary C-peptide/creatinine ratio
and antibody screening, may aid in deter-
mining who should get genetic testing for
MODY (187). It is critical to correctly diag-
nose one of the monogenic forms of di-
abetes because these individuals may
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Clinical features distinguishing type 1 diabetes, type 2 diabetes and monogenic diabetes

Clinical features Type 1 diabetes Type 2 diabetes Monogenic diabetes
Age of onset (years) Most <25 but can occur at any age (but not Usually >25 but incidence increasing in Usually <25; neonatal diabetes <6 months™
before the age of 6 months) adolescents, paralleling increasing rate
of obesity in children and adolescents
Weight Usually thin, but, with obesity epidemic, >90% at least overweight Similar to general population
can have overweight or obesity
Islet autoantibodies Usually present Absent Absent
C-peptide Undetectable/low Normal/high Normal
Insulin production Absent Present Usually present
First-line treatment Insulin Noninsulin antihyperglycemic agents, Depends on subtype
gradual dependence on insulin may
occur
Family history of diabetes Infrequent (5%-10%) Frequent (75%-90%) Multigenerational, autosomal pattern of
inheritance

DKA Common Rare Rare (except for neonatal diabetes™)
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1.6. | SPESIFiK DIYABET TiPLERI

Bu bolimde spesifik nedenlerle ortaya ¢ikan baslica diyabet formlari hakkinda kisa bilgi
verilmistir.

1.6.1. | MONOJENIK DIYABET SENDROMLARI

Beta hiicre disfonksiyonuna neden olan monojenik defektler (neonatal diyabet, MODY)
diyabet hastalarinin %5 “ten azini olusturmaktadir.

Neonatal Diyabet

Yasamin ilk alti ayindan once ortaya cikan ve %80-85 oraninda monojenik defektlere bagli
gelisen diyabet tipidir. Gecici ya da kalici olabilir. Kalici formlar genellikle beta hiicrelerinde
yer alan KATP kanallarindaki Kiré.2 subunit (KCNJ11) ve SUR1 subunit (ABCC8) mutasyonlari
ya da Insulin gen (INS) mutasyonlarindan kaynaklanmaktadir.

Genclerde goriilen eriskin tip diyabet (MODY)

Genglerde goriilen ve eriskin baslangicli diyabet gibi seyreden monogenik diyabet (maturity
onset diabetes of the young; MODY) siiphesi olan hastalar genellikle genc (diyabet baslangig
yasi <25) ve ailesinde iki veya daha fazla kusakta diyabet olan (otozomal dominant gecisli),
normal kiloda, insilin direnci olmayan ve pankreas rezervi iyi olan hastalardir. Asil defekt,
insilin sekresyon mekanizmasindadir. Bu hastalarda otoantikorlar negatif bulunur. Kan
glukoz regilasyonu icin insilin tedavisi gerekmez veya dislk doz insilinle regilasyon
saglanir.

MODY vakalari, adolesan ¢agindan sonra ortaya cikan tip 1 diyabet ya da genc yasta
baslayan tip 2 diyabet vakalari ile karisabilir. Tip 1 diyabet siiphesi varsa C-peptid diizeyi ve
otoantikorlara bakilarak ayirici tani yapilmalidir.
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1.7.5. | DIGER TANI TESTLERI

C-peptid diizeyi

Genel olarak C-peptid bir tani testi olarak kabul gormemekle birlikte, pankreas beta hiicre
(endojen insilin) rezervini anlamada faydalidir. Ancak, asiri hiperglisemi durumunda glukoz
toksisitesinin pankreas beta hiicrelerine etkisi nedeniyle, C-peptid dizeyi gercek endojen
insilin rezervini yansitmayabilir. Boyle bir siiphe varsa glukoz toksisitesi (6rnegin DKA)
diizeltildikten en az 2 hafta sonra C-peptid 6l¢iimii tekrarlanmalidir. insiilin veya siilfoniliire
kullananlarda 6l¢limiin son dozdan 24 saat sonra yapilmasi daha iyi fikir verebilir.

DIABETES MEL US VE Tip 1diyabette rutinolarak C-peptid olglilmesine gerek olmamaklabirlikte 6zellikle LADA gibi
KQMPL'KASYON RININ otoimmiin diyabet formlarinin tip 2 diyabetten ayrilmasinda ve insilin tedavisine geg¢ilecek

- tip 2 diyabet olgularinin belirlenmesinde acglik ve uyarilmis C-peptid diizeyleri faydalidir.
TANI. ‘ﬂDAVl VE "M C-peptid diizeyinin <0.6 ng/ml olmasi mutlak insiilin ihtiyaci oldugunu diisiindiiriir. Ote
i " ; yandan, insilin tedavisi almakta olan hastalarda deintensifikasyon veya insilin kesilme

karari almada C-peptid olcimii yol gosterici olabilir.

-
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Tip 1 diyabetin 6nlenmesi konusunda Amerika “da Juvenile Diabetes Research Foundation
(JDFR), National Institute for Diabetes, Digestive and Kidney Disease (NDDK] ve TrialNet
Gruplari ile onlarin Almanya, Avustralya, Finlandiya, Isve¢ ve italya’daki isbirligi
merkezlerinde 200 "den fazla ¢alisma yiritilmdistir. Bu ¢calismalar negatif sonuglansa da
tip 1 diyabeti preklinik evrede tanimaya yonelik dnemli bilgiler elde edilmistir. Glinimizde
tip 1 diyabet acgisindan yiiksek riskli bireylerde (6rnegin tip 1 diyabetlilerin birinci derece
akrabalarinda) pankreas adacik hiicrelerine yonelik otoantikor [glutamik asit dekarboksilaz
(AntiGAD-GADA), adacik ile iliskili peptid 2 (IA2) ve endojen insiiline ydnelik insiilin
otoantikoru (IAA]] tayinleri ve B-hiicre rezervini belirlemeye yonelik i.v. glukoz tolerans testi
(IVGTT) ve C-peptid uyari testleri ile tip 1 diyabeti erken evrede tanimlamak mimkdindiir.
Simdilik bu riskli bireylerin tip 1 diyabet onleme ¢alismalarina katilimlarini tesvik etmek
disinda bir miidahale yapilmasi mimkiin olmazsa da belki de tip1 diyabeti ketoasidoz
(DKA) evresinden dnce tanimayi saglayarak, endojen insiilin rezervi tamamen tilkenmeden
tedaviye baslamak yararli bir yaklasim olacaktir.



Tip 2 DM tedavisinde ila¢ secimlerinde, kombinasyonlarinda dikkat edilmesi gereken ilac ve hasta faktorleri

B Yasam sekli degisikligi tim basamaklarda énerilmelidir.

W Akarboz tim basamaklarda kombinasyon olarak kullanllabilir.

W Tip 2 diyabette glisemi regiilasyonu saglandiktan sonra dinamik izlem sirdirtlmeli, gerekirse tekrar bir 6nceki basamaga
dondlerek ilaglar ve dozlari azaltiimaldir.

B C peptid beta hicre rezervinin en 6nemli gostergesidir. Tip 2 diyabette C peptid dizeyleri hiperglisemik kosullardan ve glukotoksisiteden negatif
olarak etkilenebilir. Ancak C peptid dlzeyleri hiperglisemik kosullara ragmen yiksekse tedaviye yanit agisindan dnem tasir.

M Beta hiicre rezervi yetersiz (C Peptid < 0.5 ng/ml) tim hastalar HbA1c'den bagimsiz olarak insulinle tedavi edilmelidir.

M Bazal insulin ve GLP-1 agonist koformilasyonu bir secim olabilir.

m En fazla 3 aylik tedaviye ragmen HbA1c %#8'in Ustiinde ise bir sonraki basamaga ge¢melidir.

W Etkin bir oral antidiyabetik tedavisine ragmen HbA1c %10’un lzerinde ise dogrudan insilin tedavisine gecilmelidir.

W Pioglitazon serebral ve kardiyak vaskdiler yeni olaylari dnlemektedir fakat kalp yetmezIigi klinik bulgulari veya ejeksiyon fraksiyonu
degerlendirilerek kullaniimalidir.

® insiilin direnci 6n planda olan hastalarda tedavi segiminde pioglitazon diisiiniiimelidir.

B Saptanmig vaskiler olay (kardiyak, serebral veya periferik) yeni olay gecirmeyi énlemek icin SGLT2 inhibitérleri veya GLP1
reseptor agonistleri (GLP1 RA) segilebilir.

m Kalp yetmezligi olanlarda SGLT2 segilebilir

B Renal hastalig! (GFR azalmasi veya albuminiirisi) olanlarda éncelik SGLT2 inhibitérinde olmak Uzere GLP1 RA’de segilebilir.

® Obez olan hastalarda kilo vermeye katkisi olacak GLP1 RA oncelikli olarak segilmelidir.

M SGLT2 inhibitérleri azda olsa kilo verdirici etkisi nedeniyle obez hastalarda oral kombinasyonlarda tercih edilebilir.

m ilaglarin kullanimlarinda kardiyak, renal etkiler ve maliyet yéniinden en uygun ilaglar segilmelidir.

® insiilin baslanan hastalarda kontrendikasyon yok ise metformine devam edilmelidir.

® Coklu insulin kullanan hastalarda metformin diginda en fazla bir oral antidiabetik segilmelidir.

® insiilin kullanan hastalarda enjeksiyon yerleri mutlaka kontrol edilmelidir.

B Bazal insilin ve GLP1 RA kombinasyonlari enjeksiyon sayisini azaltmasi nedeniyle obez ve instlin gereken hastalarda tedavi
kolayhgi saglar.




ULUSAL DIYABET KONSENSUS GRUBU

Diyabet

Tan1 ve Tedavi
Rehberi

TURKIYE DIYABET VAKFI

C-peptid duzeyi

Pankreas beta hucre rezervini gosteren en iyi testdir. Tip 1 DM'de
rutin 6lgtlmesi gerekli degildir. LADA veya Tip 1 DM’yi TIP 2 DM den
ayriminda, insulin tedavisinin gerekli olup olmadigi dusunulen bazi
Tip 2 DM olgularinin saptanmasinda plazma acik veya uyariimig C-
peptid duzeyleri faydali olabilir.

Yuksek hiperglisemisi olan ve kronik bobrek yetmezigi durumlarinda

C-peptid duzeyi gercegi yansitmayabilir.



ULUSAL DIYABET KONSENSUS GRUBU
_ Tip 1 Diyabet ve Tip 2 Diyabetin Ayirici Tanisi*

[Diyabet

Tani ve Tedavi
Rehberi

2019

TURKIYE DIYABET VAKFI

Klinik Ozellikler |T1DM T2DM
Baslangic yasi Genellikle <30 yag |Genellikle > 30 yas
. Genellikle akut, Yavas, cogunlukla

ST semptomatik asemptomatik
Ketozis Siklikla var Siklikla yok

: : Genellikle fazla
Baslangi¢ kilosu Genellikle zayif kilolu/obez
Ailede diyabet ylki{ | Yok veya belirgin degil | Yogun

Normal / YUksek /

C - peptid Dislk Disiik
Otoantikor (ICA, _ - |
AntiGAD, IA2Ab, 1AA) Genellikle pozitif Negatif
Otoimmin Var Yok

hastalik birlikteligi




TiP 2 DIYABETTE TEDAVi YAKLASIMI

BETA HUCRE _ . :
TEDAVi PLANI TEDAViI SECENEKLERI
(C peptid: ng/ml)
. Yasam Tarzi
<8 YETERLI LT Dedisikli
IKiLi
8-10 YETERLI KOMBINASYON
Metformin
. ucLu . SGLT2
(= KOMBINASYON peelimel inhibitorleri
Metformin
BAZAL INSULIN
>10 SINIRDA KOMBINASYONLARI
Metformin
COKLU DOZ iNSULIN Miks insilin kombinasyoniar || 3323 Bolus,
YETERSIz KOMBINASYONLARI | | o NSYIr asyomar | gazal + plus DPP4, SGLT2, GLP1 RA
. 1, 2°li, 3’1 . .
Metformin Koformilasyon inslin

M Tip 2 DM tedavisinde ilag segimlerinde ve kombinasyonlarinda dikkat ediimesi gereken ila¢ ve hasta faktorleri yan sayfadadir.
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Cellular and Molecular Life Sciences

VISIONS AND REFLECTIONS

Biological activity versus physiological function of proinsulin

C-peptide

Michael Landreh'© . Hans Jérnvall?

C-peptide assists in
proinsulin folding

®

Gheck for
updates

Structure-function relation-
ships for C-peptide bioactivity
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C Peptid

* Diyabet heterojen kompleks bir hastalik
* C peptid diyabeti degerlendirmede basit ucuz givenilir bir klinik belirtec
» Patofizyoloji ve hastalik progresyonu hakkinda bilgilendirir
* Komplikasyonlar ve hipoglisemiyi 6ngormede yardimci
* Tedavinin bireysellestiriimesi ve yonetiminde yonlendirici

Diabetes Obes Metab. 2022;24:1912-1926.
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