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RESEARCH DESIGN AND METHODSdWe examined whether C-peptide is associated
with cardiovascular and total mortality in 2,306 patients from the Ludwigshafen Risk and Cardiovascular Health Study who underwent coronary angiography at baseline (1997–2000).
RESULTSdDuring a mean follow-up of 7.6 years, 440 deaths (19.1%) occurred, 252 (10.9%)
of which were due to cardiovascular causes. Age- and sex-adjusted hazard ratios (HRs) in the
third compared with the ﬁrst tertile of C-peptide were 1.46 (95% CI 1.15–1.85; P = 0.002) for all
cause and 1.58 (1.15–2.18; P = 0.005) for cardiovascular mortality. After further adjustment for
common risk factors as well as markers of glucose metabolism, these HRs remained signiﬁcant at
1.46 (1.10–1.93; P = 0.008) and 1.55 (1.07–2.24; P = 0.022), respectively. Moreover, patients in
higher tertiles of C-peptide exhibited higher levels of markers of endothelial dysfunction and
atherosclerosis as well as a more severe extent of coronary lesions.
CONCLUSIONSdIn patients undergoing coronary angiography, C-peptide levels are independently associated with all cause and cardiovascular mortality as well as presence and severity
of coronary artery disease. Further studies are needed to examine a potential causal role of Cpeptide in atherogenesis in humans.
Diabetes Care 36:708–714, 2013

C

-peptide is a proinsulin cleavage
product released from the pancreas
at amounts equimolar to insulin.
Elevated levels of C-peptide have been
found in patients with insulin resistance

and early type 2 diabetes, reﬂecting increased insulin secretion, as well as in
patients with chronic kidney disease due
to impaired renal elimination (1). For a
long time, C-peptide has been considered

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

From the 1Department of Internal Medicine I, University Hospital Aachen, Aachen, Germany; the 2Division of
Endocrinology, Diabetology, Nephrology, Vascular Disease, and Clinical Chemistry, Department of Internal Medicine, Eberhard-Karls-University T€
ubingen, T€
ubingen, Germany; the 3Mannheim Institute of
Public Health, Social and Preventive Medicine, Mannheim Medical Faculty, University of Heidelberg,
Mannheim, Germany; the 4LURIC Study Nonproﬁt LLC, Freiburg, Germany; the 5Cardiology Group
Frankfurt-Sachsenhausen, Frankfurt, Germany; the 6Division of Endocrinology, Department of Internal
Medicine, Ulm University, Ulm, Germany; the 7Clinical Institute of Medical and Chemical Laboratory
Diagnostics, Medical University of Graz, Graz, Austria; and the 8Synlab Academy, Mannheim, Germany.
Corresponding author: Nikolaus Marx, nmarx@ukaachen.de.
Received 22 June 2012 and accepted 27 August 2012.
DOI: 10.2337/dc12-1211
This article contains Supplementary Data online at http://care.diabetesjournals.org/lookup/suppl/doi:10
.2337/dc12-1211/-/DC1.
N.M. and G.S. equally contributed to this work.
© 2013 by the American Diabetes Association. Readers may use this article as long as the work is properly
cited, the use is educational and not for proﬁt, and the work is not altered. See http://creativecommons.org/
licenses/by-nc-nd/3.0/ for details.

708

DIABETES CARE, VOLUME 36, MARCH 2013

RESEARCH DESIGN AND
METHODS
Study design, participants, and
clinical characterization
A total of 3,316 patients, who were referred for coronary angiography to Ludwigshafen Heart Center in Southwest
Germany, were recruited between July
1997 and January 2000. Inclusion criteria
were German ancestry, clinical stability
except for acute coronary syndromes, and
the availability of a coronary angiogram.
care.diabetesjournals.org
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OBJECTIVEdC-peptide is a proinsulin cleavage product released from the pancreas in
amounts equimolar to insulin, and elevated levels of C-peptide have been found in patients with
insulin resistance and early type 2 diabetes mellitus. Recent data suggest that C-peptide could
play a causal role in the pathophysiology of vascular disease, but nothing is known about the
prognostic value of C-peptide concentrations in the circulation.

to be biologically inert, but experimental
as well as clinical data have recently suggested that it may exhibit biological activity (2). As such, C-peptide treatment of
patients with type 1 diabetes, lacking endogenous C-peptide, has been shown to
improve nerve conduction velocity as
well as microalbuminuria (3–5). In contrast, observational and experimental data
suggest that C-peptide may play a causal
role in the pathophysiology of arteriosclerosis in patients with early type 2 diabetes.
C-peptide colocalizes with monocytes/
macrophages and T-cells in early arteriosclerotic lesions of diabetic patients and
induces cell migration in vitro, suggesting
that C-peptide, once deposited in the subendothelial space, may promote inﬁltration of inﬂammatory cells into the vessel
wall, thus contributing to early atherogenesis (6,7). In addition, induction of
high C-peptide levels leads to increased
lesion formation in a mouse model of arteriosclerosis (8). Still, data from other
groups suggest potential beneﬁcial effects
of C-peptide in vascular cells (9–11).
Several studies examined the predictive role of C-peptide in populations of
patients with manifest diabetes or its
association with mortality in cancer patients (12,13). Still, to date, it is unknown
whether elevated C-peptide levels are associated with cardiovascular events in a
patient population referred for coronary
angiography. Moreover, we investigated
the association of C-peptide with other
markers of vascular disease.

Marx and Associates
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Friesinger score (16). Maximum luminal
narrowing was estimated by visual analysis as described. Acute myocardial infarction (MI) was deﬁned as an MI that
had occurred within the 4 weeks prior to
enrollment. A deﬁnite ST elevation MI
(STEMI) was diagnosed if typical electrocardiogram changes were present along
with prolonged chest pain, refractory to
sublingual nitrates, and/or enzyme or
troponin T elevations (.0.1 mg/L).
Non-STEMI was diagnosed if symptoms
and/or troponin T criteria, but not the
electrocardiogram criteria for STEMI,
were met.
Cerebrovascular disease was deﬁned
clinically by documented history of a
previous cerebrovascular disease event
(transient ischemic attack, prolonged ischemic neurologic deﬁcit, and cerebral
infarction with or without a remaining
neurologic deﬁcit) or by documented
carotid plaques (50% luminal obstruction).
Peripheral vascular disease was deﬁned by a history of intermittent claudication, angiographic documentation of
atherosclerotic luminal obstruction of
the peripheral arteries, or a history of a
peripheral arterial intervention for atherosclerotic disease (angioplasty or surgery).
Comorbidity was assessed using the
Charlson comorbidity index. We formed
three groups: group 0 (0 score points),
group 1 (1 score point), and group 2 ($2
score points) (17).
Physical activity. A questionnaire with a
scoring system ranging from 1, sedentary
(avoid walking or exertion), to 11, regular
heavy exercise, was used to classify the
mean physical activity. The study participants were grouped into the following
three categories of physical activity: below
average (scores 1–3), average (scores 4–
7), and above average (scores 8–11).
Follow-up
There was a follow-up for all-cause and
cardiovascular mortality; the latter deﬁned as mortality due to cardiovascular
diseases (ICD-9 codes 390–448 and ICD10 codes I00–I79). The mean (6 SD) duration of the follow-up was 7.6 6 2.1
years. Information on the vital status
was obtained from local person registries.
Using death certiﬁcates, two experienced
clinicians independently classiﬁed the
causes of death. They were blinded to
any data of the study participants. In cases
of a disagreement or uncertainty concerning the coding of a speciﬁc cause of death,

classiﬁcation was made by a principal investigator of the LURIC study (W.M.).
Laboratory analyses
The standard laboratory methods have
been described. C-peptide was measured
with an enzyme immunoassay (AIA-pack
C-peptide) on an AIA 1200 analyzer
(Eurogenetics, Eschborn, Germany). Glucose was measured enzymatically on a
Hitachi 717 analyzer (Roche, Mannheim,
Germany). Insulin was analyzed with an
immunoenzymometric assay (AIA pack
IRI) on an AIA 1200 analyzer (Eurogenetics). Glycated hemoglobin was measured with an immunoassay (hemoglobin
A 1c UNIMATE 5; Hoffmann-LaRoche,
Grenzach-Whylen, Germany). Lipoproteins were separated using a combined
ultracentrifugation–precipitation method
and measured on a WAKO 30 R analyzer
(WAKO Chemicals GmbH, Neuss, Germany). Triglycerides were quantiﬁed
with an enzymatic assay on a Hitachi 717
analyzer (Roche). Creatinine was measured with the Jaffé method on a Hitachi
717 analyzer (Roche) (18).
Statistical analysis
We formed tertiles of C-peptide. The
baseline characteristics are reported as
numbers and percentages in cases of
categorical variables and as means with
SD or medians with interquartile ranges
in cases of continuous variables. Comparisons among the three groups were made
with the x2 test and with ANOVA for categorical and continuous data, respectively. Triglyceride and insulin levels
(Shapiro-Wilk W test) were transformed
logarithmically before being used in parametric statistical procedures. Kaplan-Meier
curves were plotted for the relationships of
C-peptide with all-cause and cardiovascular mortality. Unadjusted P values
were calculated with the log-rank test.
The Cox proportional hazards model
was used to perform multivariate analyses
for the associations among the tertiles of
C-peptide and mortality data. Three predeﬁned models of adjustment (model 1:
adjusted for sex and age; model 2: adjusted for sex, age, BMI, hypertension,
smoking, glomerular ﬁltration rate
[GFR], triglycerides, LDL cholesterol,
and HDL cholesterol; and model 3: model
2 with additional adjustment for fasting
glucose, fasting insulin, HbA1c, newly diagnosed diabetes, proinsulin, free fatty
acids, free glycerol, as well as C-reactive
protein) were used. Z-transformation was
performed to investigate the increase in
DIABETES CARE, VOLUME 36, MARCH 2013
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One of the original purposes of the study
also was the identiﬁcation of genetic
components of coronary artery disease
(CAD). To avoid population admixture,
we aimed at including Caucasians only.
For pragmatic reasons, we therefore only
included patients whose parents were
both native Germans. The indications
for angiography in individuals in clinically stable condition were chest pain
and/or noninvasive test results consistent
with myocardial ischemia. Individuals
suffering from any acute illness other
than acute coronary syndromes, chronic
noncardiac diseases, or malignancy
within the 5 past years and those unable
to understand the purpose of the study
were excluded. People with known diabetes were excluded because C-peptide
levels change over the course of diabetes
with a high interindividual variability and
are in addition altered by different antidiabetic drugs. Moreover, a long duration
of type 2 diabetes confers increased cardiovascular risk, thus being an additional
potential confounder. Moreover, subjects
with missing data on fasting C-peptide
were additionally ruled out, resulting in a
subgroup of 2,306 (69.5%) of 3,316
Ludwigshafen Risk and Cardiovascular
Health (LURIC) study participants for
the present analyses. Death certiﬁcates
were not available for 14 decedents. These
subjects were excluded when the associations of C-peptide with cardiovascular
mortality were analyzed. The study was
approved by the ethics committee at the
Ärztekammer Rheinland-Pfalz and was
conducted in accordance with the Declaration of Helsinki. Informed written consent was obtained from all participants
(14).
Diabetes was diagnosed according to
the 2010 guidelines of the American Diabetes Association (15). Newly diagnosed
diabetes was deﬁned as diabetes diagnosed at the time of coronary angiogram.
Fasting glucose, postchallenge glucose
(performed in 1,524 of 2,096 participants
with fasting glucose ,126 mg/dL), and
glycated hemoglobin were used to categorize diabetes. Follow-up data on diabetes
development were not available.
Hypertension was diagnosed if the
systolic and/or diastolic blood pressure
exceeded 140 and/or 90 mmHg or if there
was a history of hypertension, evident
through the use of antihypertensive
drugs.
CAD was diagnosed based on clinical
signs and coronary angiography. The
severity of CAD was quantiﬁed with the

C-peptide levels and mortality
Table 1dBaseline characteristics according to tertile of fasting C-peptide
Tertile of fasting C-peptide
1

3

P value*

738
517 (70.1)
61.5 (11.1)
26.8 (3.7)
97 (12)
103 (19)
7 (5–10)
1.0 (0.5)
6.0 (0.7)

808
564 (69.8)
61.5 (11.2)
26.7 (3.7)
97 (11)
101 (16)
8 (6–11)
2.4 (0.3)
5.9 (0.7)

760
562 (73.9)
62.2 (10.1)
28.5 (4.1)
101 (11)
107 (20)
15 (10–22)
4.5 (2.0)
6.0 (0.8)

0.133
0.300
,0.001
,0.001
,0.001
,0.001‡
d
,0.001

189 (25.6)

181 (22.4)

273 (35.9)

,0.001

134 6 46
6.6 (4.3–10.8)
0.56 (0.39–0.79)
1.60 (1.28–2.10)
486 (65.9)

138 6 50
6.3 (3.8–9.8)
0.60 (0.42–0.85)
1.50 (1.10–2.10)
551 (68.2)

155 6 57
9.6 (6.2–15.8)
0.63 (0.45–0.93)
1.70 (1.20–2.40)
571 (75.1)

,0.001
,0.001
,0.001
,0.001
,0.001

195 (40)
120 (35)
41 (11)
130 (99–180)
83 (17)
2.5 (1.1–7.0)

195 (38)
120 (33)
40 (11)
133 (102–185)
85 (17)
2.8 (1.1–7.3)

193 (38)
115 (33)
36 (10)
165 (125–227)
79 (20)
4.3 (1.8–9.3)

0.522
0.016
,0.001
,0.001‡
,0.001
,0.001‡
,0.001

273 (37.0)
300 (40.7)
165 (22.4)
287 (38.9)

307 (38.0)
322 (39.9)
179 (22.2)
299 (37.0)

226 (29.7)
385 (50.7)
149 (19.6)
341 (44.9)

467 (63.3)
5 (2–8)

510 (63.1)
5 (1–8)

546 (71.8)
6 (3–9)

189 (26.6)
322 (45.3)
138 (19.4)
13 (1.8)
49 (6.9)

208 (26.4)
358 (45.5)
150 (19.1)
27 (3.4)
44 (5.6)

135 (18.3)
389 (52.8)
140 (19.0)
28 (3.8)
45 (6.1)

427 (57.9)
197 (26.7)
92 (12.5)
22 (3.0)
38 (5.1)
43 (5.8)

443 (54.8)
245 (30.3)
102 (12.6)
18 (2.2)
45 (5.6)
50 (6.2)

372 (48.9)
228 (30.0)
137 (18.0)
23 (3.0)
81 (10.7)
73 (9.6)

226 (34.0)
265 (39.8)
174 (26.2)

291 (38.0)
270 (35.3)
204 (26.7)

179 (25.4)
233 (33.1)
292 (41.5)

24 (3.3)
527 (72.8)
173 (23.9)

40 (5.1)
554 (70.6)
191 (24.3)

79 (10.5)
538 (71.8)
132 (17.6)

0.004
,0.001
,0.001
0.001

0.003

,0.001
0.007
,0.001

,0.001

Continued on p. 711
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N
Male sex
Age (years)
BMI (kg/m2)
Waist circumference (cm)†
Fasting glucose (mg/dL)
Fasting insulin (mU/L)
Fasting C-peptide (mg/dL)
Hemoglobin A1c (%)
Newly diagnosed type 2 diabetes
(ADA 2010 guidelines)
Postchallenge glucose (mg/dL)
(n = 481/551/492)
Proinsulin (U/L)
Free fatty acids (mmol/L)
Free glycerol (mg/dL)
Systemic hypertension
Blood lipid level
Total cholesterol (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Triglycerides (mg/dL)
GFR (mL/min/1.73 m2)
C-reactive protein (mg/L)
Smoking
Never
Former smoker
Current smoker
History of MI
Coronary artery disease
(50% stenosis)
Friesinger score
Clinical CADx
No CAD
Stable angina
Unstable angina, troponin negative
Non-STEMI
STEMI
NYHA functional class
1
2
3
4
Peripheral vascular disease
Cerebrovascular disease
Charlson comorbidity index|
Group 0
Group 1
Group 2
Physical activity{
Below average
Average
Above average

2

Marx and Associates
Table 1dContinued
Tertile of fasting C-peptide
1
Medication use
b-Blocker
ACE inhibitor
Calcium antagonist
Diuretic
Statin
Acetylsalicylic acid

2

459 (62.2)
377 (51.1)
83 (11.2)
146 (19.8)
377 (51.1)
525 (71.1)

3

512 (63.4)
393 (48.6)
118 (14.6)
168 (20.8)
377 (46.7)
586 (72.5)

496 (65.3)
429 (56.4)
126 (16.6)
264 (34.7)
376 (49.5)
533 (70.1)

P value*
0.459
0.007
0.011
,0.001
0.210
0.574

Data are numbers (percentages) in case of categorical data and means 6 SD or medians (25th–75th percentiles) in cases of continuous variables. ADA, American
Diabetes Association; NYHA, New York Heart Association. *x2 test and ANOVA for categorical and continuous data, respectively. †N = 729/792/748 for tertiles 1, 2,
and 3, respectively. ‡ANOVA of logarithmically transformed values. xN = 711/787/737 for tertiles 1, 2, and 3, respectively. |N = 665/765/704 for tertiles 1, 2, and 3,
respectively. {N = 724/785/749 for tertiles 1, 2, and 3, respectively.

RESULTS
Baseline characteristics
Clinical and laboratory baseline characteristics according to C-peptide tertiles
are shown in Table 1. In the overall population analyzed, CAD was ruled out in
;33% of patients. Persons in the highest
C-peptide tertile had a signiﬁcantly
higher prevalence of CAD than subjects
in the lower tertiles (71.8 vs. 63.1 vs.
63.3%, respectively). In addition, persons
in the highest C-peptide tertile exhibited
signiﬁcantly higher BMI, waist circumference, fasting glucose, fasting insulin, triglycerides, C-reactive protein, and had

lower LDL cholesterol levels as well as a
lower GFR. Moreover, subjects in the
highest tertile had more often newly diagnosed type 2 diabetes, systemic hypertension, high comorbidity, and a lower
level of physical activity. The proportion
of past and current smokers and the use
of ACE inhibitors, calcium antagonists,
and diuretics were signiﬁcantly higher
in patients with higher C-peptide levels
(Table 1).
C-peptide, markers of arteriosclerosis,
and vascular disease
Because experimental data suggest that Cpeptide may be causally involved in early
atherogenesis, we analyzed the association of C-peptide with biochemical markers of endothelial dysfunction and
atherosclerosis. Subjects in the highest
C-peptide tertile exhibited signiﬁcantly
higher levels of intracellular adhesion
molecule (ICAM)-1, vascular cell adhesion molecule (VCAM)-1, P-selectin, and

Table 2dMarkers of atherosclerosis and Friesinger score according to tertile of fasting
C-peptide
Tertile of fasting C-peptide

ICAM (mg/L)†
VCAM (mg/L)†
E-selectin (mg/L)†
LpPLA2 (ng/mL)x
Friesinger score
0 to 1
2–4
5–7
8–18

1

2

3

P value*

244 (109)
752 (286)
32 (13)
419 (275)

244 (79)
758 (247)
34 (20)
458 (232)

269 (105)
832 (272)
40 (22)
508 (267)

,0.001
,0.001
,0.001
,0.001
,0.001

181 (24.5)
179 (24.3)
240 (32.5)
138 (18.7)

202 (25.0)
193 (23.9)
247 (30.6)
166 (20.5)

125 (16.4)
169 (22.2)
270 (35.5)
196 (25.8)

Data are means (SD). *ANOVA logarithmically transformed values. †N = 324/528/583 for tertiles 1, 2, and 3,
respectively. xN = 686/705/743 for tertiles 1, 2, and 3, respectively.
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E-selectin, as well as lipoprotein-associated
phospholipase A 2 (LpPLA2) (Table 2).
Moreover, history of MI, peripheral vascular disease, and cerebrovascular disease
were more frequent in subjects with high
C-peptide levels (Table 1). In accordance,
the proportion of subjects with prevalent
clinical and angiographic CAD (Table 1) as
well as lesion extension as assessed by the
Friesinger score increased in parallel with
the C-peptide tertiles (Table 2). Furthermore, cardiac insufﬁciency as reﬂected by
high New York Heart Association functional class was more frequent in subjects
with high C-peptide levels (Table 1).
Taken together, these data underscore
the hypothesis that C-peptide could
play a direct role in the development of
arteriosclerosis.
C-peptide and all-cause mortality
All-cause mortality and causes of death
are shown in Supplementary Table 1. In
14 subjects, we did not obtain sufﬁcient
information to classify their cause of
death and therefore only included them
in the analyses of all-cause mortality and
excluded them from further analyses.
Among the 2,306 patients without
known diabetes and available C-peptide
levels, 440 deaths (19.1%) occurred
during a mean follow-up of 7.6 years.
Compared with subjects in the lowest tertile, the age- and sex-adjusted hazard ratio (HR) for death was 1.46 (95% CI
1.15–1.85; P = 0.002) in the highest tertile
(Table 3). Further adjustment for BMI,
hypertension, smoking, GFR, triglycerides, LDL cholesterol, and HDL cholesterol did not inﬂuence the prognostic
value of C-peptide in the highest tertile,
resulting in an HR of 1.49 (1.16–1.91;
P = 0.002) compared with the lowest tertile
(Table 3, model 2). Additional adjustment
DIABETES CARE, VOLUME 36, MARCH 2013
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risk of all-cause and cardiovascular mortality conferred by SD of C-peptide levels
included as a continuous variable. All statistical tests were two-sided, and P values
,0.05 were considered signiﬁcant. The
SPSS 15.0 statistical package (SPSS Inc.,
Chicago, IL) was used.

C-peptide levels and mortality
Table 3dMortality according to tertile of fasting C-peptide
Model 1*
Tertile of fasting C-peptide
All-cause mortality
1
2
3
Cardiovascular mortalityx
1
2
3

Model 2†

Model 3‡

HR

P value

HR

P value

HR

P value

1.0 reference
1.24 (0.97–1.57)
1.46 (1.15–1.85)

0.088
0.002

1.0 reference
1.22 (0.96–1.56)
1.49 (1.16–1.91)

0.104
0.002

1.0 reference
1.29 (1.01–1.66)
1.46 (1.10–1.93)

0.043
0.008

1.0 reference
1.33 (0.96–1.84)
1.58 (1.15–2.18)

0.089
0.005

1.0 reference
1.33 (0.96–1.84)
1.57 (1.13–2.19)

0.090
0.008

1.0 reference
1.43 (1.03–2.00)
1.55 (1.07–2.24)

0.035
0.022

for fasting glucose, fasting insulin, HbA1c,
newly diagnosed diabetes, proinsulin,
free fatty acids, free glycerol, as well as
C-reactive protein had only minor inﬂuence on the HR of 1.46 (1.10–1.93; P =
0.008) (Table 3, model 3). C-peptide levels included as continuous variable increased the risk in all-cause mortality
per SD by HR 1.12 (1.05–1.20, P =
0.001; model 1). The association remained unchanged after adjustment for
cardiovascular risk factors, HR 1.12
(1.04–1.20; P = 0.002; model 2), and after full adjustment in model 3, HR 1.13
(1.04–1.22; P = 0.005).
C-peptide and cardiovascular
mortality
Among the 2,292 subjects with known
causes of death, 252 (10.9%) died of
cardiovascular causes, 26 (1.1%) of infection, 76 (3.3%) of cancer, and 72
(3.1%) of miscellaneous causes. Compared with the lowest C-peptide tertile,
the age- and sex-adjusted HR for cardiovascular death was 1.58 (95% CI
1.15–2.18; P = 0.005) (Table 3). After
full adjustment (model 3), the prognostic
value of C-peptide in the highest compared with the lowest tertile was still signiﬁcant, with an HR of 1.55 (1.07–2.24;
P = 0.022).
C-peptide levels included as continuous variable increased the risk in cardiovascular mortality per SD by HR 1.16
(95% CI 1.07–1.26; P , 0.001; model 1).
The association remained unchanged after adjustment for cardiovascular risk factors, HR 1.15 (1.05–1.25; P = 0.002;
model 2), and after full adjustment in
model 3, HR 1.16 (1.05–1.28; P = 0.004).
Kaplan-Meier curves followed by a logrank test showed that all-cause mortality
712
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(Fig. 1A) as well as cardiovascular mortality
(Fig. 1B) signiﬁcantly increased in the
higher C-peptide tertiles (P = 0.006 and
P = 0.012, respectively).
CONCLUSIONSdThe current study
demonstrates that levels of the proinsulin
cleavage product C-peptide are independently associated with all-cause mortality
and cardiovascular mortality in a large
cohort of patients referred to coronary
angiography. Moreover, C-peptide was
associated with prevalent CAD, and the
severity of angiographic changes increased with C-peptide levels. The association of C-peptide with mortality as well
as cardiovascular mortality remained signiﬁcant even after full adjustment including BMI, fasting glucose, fasting insulin,
HbA1c, proinsulin, free fatty acids, free
glycerol, high-sensitivity C-reactive protein, and GFR, as well as newly diagnosed
diabetes.
Elevated levels of the proinsulin
cleavage product C-peptide have been
found in patients with insulin resistance,
early type 2 diabetes, as well as those with
chronic kidney disease. Measurement of
C-peptide levels has been used as a surrogate for insulin secretion (e.g., in obese
patients with insulin resistance) (19). In
this context, the association of C-peptide
with cardiovascular mortality could simply reﬂect the increased risk of patients
with insulin resistance and early type 2
diabetes in our population. Indeed, subjects in the highest tertile of C-peptide
had higher fasting glucose, higher fasting
insulin, a higher BMI, as well as a higher
prevalence of newly diagnosed diabetes.
However, adjustment for all of these factors did basically not change the HR for
cardiovascular mortality as well as overall

mortality, suggesting that C-peptide is an
independent risk factor in our study population.
To the best of our knowledge, this is
the ﬁrst study to demonstrate that Cpeptide is associated with mortality and
cardiovascular mortality in patients without previously known diabetes. Various
studies have shown that elevated C-peptide
levels are associated with mortality as well
as cardiovascular mortality in patients with
diabetes and nondiabetic cancer patients,
most likely serving as an indirect marker for
obesity, insulin resistance, and undiagnosed diabetes (12,13).
Various data from in vitro as well as
animal models have shown proatherogenic effects of C-peptide (1,7,20). Our
data, demonstrating an association of Cpeptide levels with markers of endothelial
activation such as ICAM-1, VCAM-1, and
E-selectin, as well as a highly signiﬁcant
association with levels of LpPLA2, a novel
marker of arteriosclerosis, raise the question if C-peptide could potentially also directly inﬂuence atherogenesis in humans,
but our data cannot prove a causal relationship. Furthermore, patients in the
highest tertile of C-peptide had the highest incidence of CAD and the most severe
lesion extension as assessed by the Friesinger score, underscoring the hypothesis
that C-peptide may play a role in the pathophysiology of CAD. Still, our study cannot prove causality, and further research
is warranted to address this question. Of
note, therapeutic application of C-peptide
in patients with type 1 diabetes, lacking
endogenous C-peptide, exhibits beneﬁcial
effects on microvascular complications
such as neuropathy (4), suggesting different mechanisms of action of exogenous Cpeptide in C-peptide–deprived patients
care.diabetesjournals.org

Downloaded from http://diabetesjournals.org/care/article-pdf/36/3/708/613895/708.pdf by guest on 20 January 2022

HR calculated with Cox proportional hazards model. *Adjusted for sex and age. †Adjusted for sex, age, BMI, hypertension, smoking, GFR, triglycerides,
LDL cholesterol, and HDL cholesterol. ‡Model 2 with additional adjustment for fasting glucose, fasting insulin, glycated hemoglobin, newly diagnosed
type 2 diabetes per American Diabetes Association 2010 guidelines, proinsulin, free fatty acids, free glycerol, and C-reactive protein. xData available for 2,292
subjects.

Marx and Associates

Figure 1dA: Kaplan-Meier curves for all-cause mortality according to tertile (1–3) of fasting Cpeptide. B: Kaplan-Meier curves for cardiovascular mortality according to tertile (1–3) of fasting
C-peptide.
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and those with elevated endogenous Cpeptide levels.
Our study has some limitations: the
results obtained in this study apply only
to a highly selected Caucasian patient
population undergoing coronary angiography without other major noncardiac
diseases or malignancies. Therefore, the
results may not be generalizable to other
populations with younger age, other ethnicity, or other underlying diseases.
Moreover, each of the study participants’
coronary angiography was clinically indicated, which may have produced referral
bias. Finally, despite the fact that we adjusted our results for multiple potential
confounders, we cannot rule out additional factors.
Taken together, our study suggests that
elevated levels of C-peptide are predictive
of both all-cause as well as cardiovascular
mortality in patients undergoing coronary
angiography and raises the hypothesis that
C-peptide could potentially play a causal
role in atherogenesis in humans. However,
future research has to prove causality and
examine the underlying mechanism for the
ﬁndings of this study.
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