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with CAC (n = 32, 59 %) compared to those without CAC 
(n = 22, 41 %). Univariate analysis revealed a significant 
association of C-peptide [OR 4.7, 95  % CI (1.1, 20.2)], 
YKL-40, triglycerides, hypertension, smoking, age, and 
male sex with the presence of CAC. After adjustment for 
body mass index, cholesterol, diabetes, adiponectin, cal-
cium, and phosphate, C-peptide was still significantly 
associated with CAC in a multivariate logistic regression 
model. In conclusion, C-peptide serum levels are indepen-
dently associated with the presence of CAC in patients with 
RA. These data suggest a potential role of C-peptide in car-
diovascular disease in patients with RA.

Keywords  Coronary artery calcification · 
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Introduction

C-peptide—initially thought to be biologically inert—is 
produced by cleavage from proinsulin [1]. Work from our 
laboratory and others could demonstrate that C-peptide 
may influence several critical steps in atherogenesis. Spe-
cifically, C-peptide co-localizes with macrophages in early 
atherosclerotic lesions and increases migration of human 
monocytes [2] as wells as human CD4-positive lympho-
cytes [3, 4]. Furthermore, C-peptide enhances the prolifera-
tion of vascular smooth muscle cells [5]. In ApoE−/− mice, 
subcutaneous application of C-peptide promotes athero-
sclerosis development as well as plaque inflammation [6]. 
Recently, C-peptide has been shown to be independently 
associated with cardiovascular mortality in patients under-
going coronary angiography [7]. Taken together, these 
studies suggest that C-peptide may play a role in human 
atherosclerosis.

Abstract  C-peptide has pro-atherogenic effects in animal 
models, and elevated C-peptide levels are associated with 
cardiovascular and all-cause mortality in patients undergo-
ing coronary angiography. This cross-sectional study inves-
tigated the association between C-peptide serum levels and 
coronary artery calcification (CAC) in patients with rheu-
matoid arthritis (RA), a high-risk group for cardiovascular 
events. Fifty-four patients with RA were recruited from an 
arthritis outpatient department at the University Hospital 
in Aachen, Germany. CAC was measured by multi-slice 
CT scan, and blood samples were drawn from all patients 
for the analysis of C-peptide and other cardiovascular bio-
markers. Mean serum levels of C-peptide (1.187 ±  0.771 
vs 0.745 ± 0.481 nmol/L, p = 0.02), YKL-40, LDL choles-
terol, and triglycerides were significantly higher in patients 
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Current data suggest that atherosclerosis is an inflamma-
tory process in the vessel wall [8]. Therefore, pro-inflam-
matory mediators and biomarkers, such as high-sensitive 
C-reactive protein, fibrinogen, and YKL-40, have been 
shown to be associated with progressive cardiovascular 
disease and an increased risk of cardiovascular morbid-
ity and mortality [9–11]. However, being part of the acute 
phase reaction, these biomarkers lack specificity especially 
in patients with a systemic inflammatory response. There 
is an ongoing debate whether systemic inflammation and 
corresponding inflammatory markers trigger inflammatory 
processes in the vessel wall or vice versa. Therefore, there 
is a need for novel, specific cardiovascular biomarkers 
which are independent of the current systemic inflamma-
tory response of patients. C-peptide may be a potential can-
didate since its serum levels are mainly regulated by insulin 
secretion and kidney function [12].

Disease conditions with chronic inflammation such as 
rheumatoid arthritis (RA) are characterized by accelerated 
and excessive cardiovascular disease [13–15]. Given the 
high prevalence of coronary artery disease in patients with 
RA even in the absence of classical cardiovascular risk fac-
tors [16] and since C-peptide has previously been shown to 
be associated with cardiovascular mortality [7], this study 
aimed to investigate the association of C-peptide serum lev-
els with CAC in the high-risk group of patients with RA.

Methods

For this cross-sectional study, 54 patients with RA were 
recruited from a RA outpatient department associated 
with the University Hospital in Aachen, Germany. Patients 
underwent both multi-slice computed tomography scanning 
(MSCT) for CAC as well as laboratory testing. In order to 
prevent selection bias, patients presenting themselves to 
the outpatient department were recruited consecutively in 
case they met the following inclusion criteria: a minimum 
of 5 years RA duration, age >30 years, and informed con-
sent to the study protocol. All patients were eligible for the 
study. Exclusion criteria were pregnancy, immobilization, 
severe comorbidities requiring medical assistance for trans-
port and performance of multi-slice CT scanning, as well 
as cancer, acute viral or bacterial infections, atrial fibrilla-
tion, a history of coronary artery bypass grafting, aortic/
mitral valve operation or percutaneous transluminal coro-
nary angioplasty as well as claustrophobia. Three patients 
had to be excluded from the study due to atrial fibrillation 
(n = 1) and aortic/mitral valve operation (n = 2) after pre-
liminary consent.

Patient-reported outcomes for RA regarding functional 
capacity were documented by the Hannover Functional 
Questionnaire [Funktionsfragebogen Hannover (FFbH)]—a 

questionnaire resembling the Health Assessment Question-
naire [17]. The FFbH describes the functional capacity to 
perform daily-life activities in percentage, with 100 % indi-
cating no and 0 % indicating maximal limitations.

Clinical cardiovascular risk factors were assessed by 
chart review as well as patient history taken at the time of 
MSCT scanning. Arterial hypertension was defined as the 
usage of antihypertensive drugs or an arterial blood pres-
sure exceeding 135/85 mmHg. Renal function was assessed 
via the estimated glomerular filtration rate (GFR) calcula-
tion based on the MDRD formula [18].

The presence of diabetes was assessed via chart review 
and patient interview: Diabetes was diagnosed if the patient 
reported the diagnosis, if diabetes was listed in the medical 
history, and if antidiabetic drugs were prescribed.

Imaging procedure

All patients underwent cardiac multi-slice CT scanning 
by a 16-slice multi-slice CT scanner (SOMATOM, Sensa-
tion 16, Siemens, Forchheim, Germany). Scan parameters 
included a collimation of 12 × 0.75 mm, a rotation time of 
420 ms, a table feed of 3.4 mm per rotation, a tube voltage 
of 120 kV, and an effective tube current time product of 150 
mAseff. For ECG synchronization, retrospective ECG gat-
ing was applied. Axial images were reconstructed in mid-
diastole at 60 % of the RR interval with an effective slice 
thickness of 3 mm and a reconstruction increment of 2 mm. 
A dedicated convolution kernel (B35f), a field of view of 
180 × 180 mm2, and a matrix of 512 × 512 were applied. 
All multi-slice CT images were assessed by an experi-
enced radiologist with 5 years of training in cardiac imag-
ing. Image analysis was performed on a separate computer 
workstation (Leonardo, Siemens, Forchheim, Germany) 
equipped with a dedicated software tool for calcium scor-
ing (Calcium Scoring CT, Siemens, Forchheim, Germany). 
CAC scores were calculated according to the method origi-
nally described by Agatston et al. [19].

Biochemical analysis

Serum creatinine, C-reactive protein (CRP), total choles-
terol, LDL cholesterol, HDL cholesterol, and triglycerides 
were all measured via standard laboratory methods in labo-
ratories associated with the clinic from which patients were 
included.

For centralized laboratory measurements, serum was har-
vested after fasting overnight on the day of the multi-slice 
CT scanning and immediately frozen (−20 °C). Afterward, 
samples were transferred to the University Hospital Aachen 
for long-term storage at −80 °C. The following parameters 
were all measured centrally after study end using commer-
cially available kits according to the manufacturer’s protocol: 
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Adiponectin, YKL-40, and C-peptide. All measurements 
were taken by a person blinded to the study protocol, and 
each analysis was performed with an independent aliquot in 
order to avoid any freeze–thaw cycle prior to the analysis.

For YKL-40 measurement, we used the MicroVue™ 
YKL-40 enzyme immunoassay by Quidel, San Diego, 
USA, and for the determination of adiponectin levels, the 
TECO Adiponectin enzyme immunoassay, TECOmedical, 
Sissach, Switzerland. C-peptide serum levels were deter-
mined by the Mercodia C-peptide ELISA, Mercodia AB, 
Uppsala, Sweden, according to the manufacturer’s protocol. 
This C-peptide assay has been previously used to analyze 
C-peptide levels in clinical studies [20]. Briefly, C-peptide 
in the sample reacts with anti-C-peptide antibodies bound 
to the microtitration well. After washing, peroxidase-con-
jugated anti-C-peptide antibodies are added, and after the 
second incubation and washing step, the bound conjugate 
is detected by reaction with 3,3′,5,5′-tetramethylbenzidine. 
The reaction is stopped by adding acid to give a colorimet-
ric endpoint that is read spectrophotometrically at 450 nm.

Statistical analysis

To investigate the association between biomarkers and coro-
nary artery disease, patients were divided into two groups 
according to the absence (Agatston score = 0, n = 22) or 
the presence (Agatston score > 0, n = 32) of coronary artery 
disease [19]. Continuous factors are expressed as mean val-
ues and standard deviation (SD). Categorical factors are pre-
sented as frequencies and percentage. Differences between 
groups were calculated with t test (continuous variables) or 
Pearson’s Chi-squared test (nominal parameters).

To investigate the prognostic value of biomarkers and 
potential associated factors for CAC, univariate logistic 
regression analysis was performed. Using multivariate logis-
tic regression analysis, adjustments for multiple cardiovascu-
lar associated factors and biomarker were performed in order 
to elucidate confounding variables and to investigate inde-
pendent associations of C-peptide with the presence of CAC. 
A p value <0.05 was regarded as statistical significance.

Test results are reported as p values (p), odds ratio, and 
corresponding 95  % confidence interval (CI). The above 
analyses were performed using SPSS version 20 (SPSS 
Inc., Chicago, IL, USA).

Results

Patient characteristics

Besides the presence of RA (100 %) and arterial hyperten-
sion (61  %), the study population was characterized by a 

low prevalence of classical cardiovascular risk factors. 
Only n = 4 patients (7 %) had type 2 diabetes mellitus and 
15 % were active smokers. None of the patients was diag-
nosed with type 1 diabetes mellitus.

Whereas chronic kidney disease (CKD) stage II was 
common (48  %), only 6  % had CKD stage III and none 
(0  %) exhibited CKD stage IV or end-stage renal fail-
ure. Patients had a mean body mass index (BMI) of 
26.9 ±  5.7  kg/m2, with 39 (72  %) being normal weight 
or overweight (BMI  >  25) and 14 (26  %) being obese 
(BMI > 30.0, Table 1). The majority of patients was female 
(72 %), and mean age was 58 ±  10 years (31–72 years). 
Further patient characteristics as well as immunosuppres-
sive/antirheumatic therapy at the time of blood drawing are 
shown in Table 1.

Intergroup comparison in patients with and 
without CAC: anthropomorphic data

To investigate the association between coronary artery 
disease and C-peptide as well as other cardiovascular bio-
markers, patients were divided into two groups according 
to the absence (Agatston score =  0, n =  22) or the pres-
ence (Agatston score > 0, n = 32) of CAC [19]. The mean 
Agatston score of patients with coronary artery disease was 
219 ±  365 (Table  2). The majority of patients with CAC 
had mild CAC [Agatston score < 100, n =  20 (62.5 %)], 
whereas n = 12 (37.5 %) had moderate and severe calcifi-
cation (Agatston score > 100, Table 1).

As shown in Table  2, patients with CAC were signifi-
cantly older (p < 0.0001) compared to those without CAC 
(62 ±  6 vs 52 ±  11 years, respectively). Among patients 
with CAC, n =  14 (44 %) were male, and only one man 
(5 %) exhibited no CAC.

Intergroup comparison in patients with and 
without CAC: classical cardiovascular risk factors

The extent of smoking (15.4 ±  19.6 vs 3.0 ±  5.6 pack-
years) was significantly higher in patients with CAC com-
pared to those without CAC (p  <  0.01, Table  2). Among 
patients with CAC, n = 24 (75 %) had arterial hypertension 
compared to n = 9 (41 %) subjects without CAC. The over-
all prevalence of obesity, diabetes mellitus, and CKD was 
low (Table 1), and there was no significant difference with 
respect to BMI and GFR in patients with compared to those 
without CAC (p = ns, Table 2).

Moreover, there was no significant difference between 
patients without and with CAC regarding rheumatoid dis-
ease duration as well as clinical severity of RA as deter-
mined by the Hannover Functional Questionnaire (FFbH, 
Table 2).
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Intergroup comparison in patients with and 
without CAC: lipid profile and adiponectin levels

LDL cholesterol (125 ± 26 vs 101 ± 40 mg/dL, p = 0.01) 
as well as triglyceride levels (174 ± 122 vs 97 ± 36 mg/dL, 
p < 0.01) were significantly increased in patients with CAC 
compared to those without CAC, while there was no dif-
ference in HDL or total cholesterol (p = ns). Furthermore, 
there was no difference in adiponectin levels in patients 
without CAC compared to those with CAC (p = ns).

Intergroup comparison in patients with and 
without CAC: cardiovascular biomarkers

C-peptide serum levels were significantly higher in patients 
with CAC compared to those without CAC (1.187 ± 0.771 
vs 0.745 ±  0.481  nmol/L, p =  0.02). There was no dif-
ference in CRP levels in patients without CAC compared 
to those with CAC (5.70  ±  5.62 vs 5.90  ±  8.52  mg/L, 
p  =  ns). However, the cardiovascular and inflammatory 
biomarker YKL-40 was significantly increased in patients 
with CAC compared to those without CAC (150 ± 85 vs 
89 ± 67 ng/mL, p < 0.01).

Uni‑ and multivariate associated factors analysis 
for CAC in patients with rheumatoid arthritis

Uni- and multivariate regression analysis was performed 
to identify associated factors for the presence of CAC. 
Univariate analysis revealed significant contributions of 
C-peptide [OR 4.689, 95 % CI (1.084, 20.227)], YKL-40, 
triglycerides, hypertension, smoking, age, and male sex (all 
p < 0.05, Table 3) with the presence of CAC.

Since C-peptide was associated with the presence of 
CAC, levels of C-peptide were adjusted for multiple car-
diovascular risk factors and biomarkers such as epidemio-
logical parameters (age, gender; Table  4, model 1), kid-
ney function (GFR; Table  4, model 2), inflammatory and 

Table 1   Patient characteristics of 54 patients with rheumatoid arthri-
tis

N = 54

Anthropomorphic data

 Male gender (n, %) 15 (27.8 %)

 Age (years) 57.91 ± 9.73

Classical cardiovascular risk factors

 Smoking

  Active (n, %) 8 (14.8 %)

  Non-smoking (n, %) 32 (59.3 %)

  Former smoking (n, %) 14 (25.9 %)

  Pack-years (years) 10.37 ± 16.61

 Hypertension (n, %) 33 (61.1 %)

 Systolic blood pressure (mmHg) 134 ± 18

 Diastolic blood pressure (mmHg) 84 ± 10

 Diabetes mellitus (n, %) 4 (7.4 %)

 Previous cardiovascular disease (n, %) 18 (33.3 %)

 BMI (kg/m2) 26.91 ± 5.66

  <18.5 kg/m2 (n, %) 1 (1.9 %)

  18.5–24.9 kg/m2 (n, %) 19 (35.2 %)

  25.0–29.9 kg/m2 (n, %) 20 (37.0 %)

  >30.0 kg/m2 (n, %) 14 (26.0 %)

 GFR (ml/min/1.73 m2) 89.60 ± 20.52

  CKD II (n, %) 26 (48.1 %)

  CKD III (n, %) 3 (5.6 %)

  CKD IV or V (n, %) 0 (0 %)

 FFbH (%) 71.14 ± 25.31

 Disease duration (years) 16.83 ± 7.81

 RF positivity (n, %) 41 (75.9 %)

 ANA positivity (n, %) 12 (22.2 %)

Cardiovascular biomarker

 Total cholesterol (mg/dL) 213 ± 42

 LDL cholesterol (mg/dL) 115 ± 34

 HDL cholesterol (mg/dL) 74 ± 24

 Triglyceride (mg/dL) 143 ± 104

 Adiponectin (mg/dL) 12 ± 7

 Calcium (mmol/L) 2.36 ± 0.16

 Phosphate (mmol/L) 1.01 ± 0.21

 CRP (mg/dL) 5.8 ± 7

 YKL-40 (mg/dL) 125 ± 83

 C-Peptide (nmol/L) 1.005 ± 0.697

Major drug classes

 Statins (n, %) 9 (16.7 %)

 Antihypertensive (n, %) 18 (33.3 %)

 Steroid (n, %) 45 (83.3 %)

 MTX (n, %) 31 (57.4 %)

 Chloroquine (n, %) 17 (31.5 %)

 Hydroxychloroquine (n, %) 19 (35.2 %)

 Leflunomide (n, %) 29 (53.7 %)

 Gold (n, %) 25 (46.3 %)

 Sulfasalazine (n, %) 37 (68.9 %)

BMI body mass index, GFR glomerular filtration rate, RF rheuma-
toid factor, ANA antinuclear antibodies, CKD chronic kidney disease, 
FFbH Functional Questionnaire Hannover for rheumatoid arthritis, 
MTX methotrexate

Table 1   continued

N = 54

 Azathioprine (n, %) 15 (27.8 %)

Calcification

 Agatston score = 0 (n, %) 22 (40.7 %)

 Agatston score = 0–10 (n, %) 8 (14.8 %)

 Agatston score = 10–100 (n, %) 12 (22.2 %)

 Agatston score = 100–400 (n, %) 7 (13.0 %)

 Agatston score > 400 (n, %) 5 (9.3 %)
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cardiovascular biomarkers (CRP, YKL-40; Table 4, model 2),  
parameters of lipid metabolism (cholesterol, adiponectin, 
BMI; Table  4, model 3), parameters of calcification (cal-
cium and phosphate; Table  4, model 4), and the presence 
of diabetes (Table  4, model 3 and 4). This was calculated 
in several models in order to avoid overadjustment and to 
investigate whether C-peptide was independently associated 
with CAC (Table 4, models 1–4). These multivariate logistic 
regression models revealed that C-peptide was a significant 
predictor for the presence of CAC (all p < 0.05).

Discussion

In this study, the present data demonstrate an association 
between circulating C-peptide levels and the presence of 
coronary calcification in patients with RA.

The proinsulin cleavage product C-peptide is secreted 
into the blood stream in amounts equimolar to insulin [21]. 
Experimental data suggest that C-peptide may exhibit pro-
atherogenic effects, and recent clinical data could show that 
C-peptide is independently associated with cardiovascular 
mortality in patients undergoing coronary angiography [7], 
suggesting a direct role of C-peptide in human atheroscle-
rosis. The present study extends the current knowledge by 
demonstrating that C-peptide levels are associated with the 
presence of CAC as determined by CT scan in high-risk 
patients with RA.

Atherosclerotic plaque burden and plaque properties 
cannot be analyzed noninvasively. Since the extent of CAC 
quantification has been demonstrated to correlate with 
the overall atherosclerotic burden, we assessed CAC via 
MSCT, the most common imaging tool for arterial wall 
examination [22].

Atherosclerosis is thought to be an inflammatory process 
within the vessel wall [8]. As such, a large quantity of pro-
inflammatory parameters have been suggested as cardio-
vascular biomarkers [23]. However, being part of the acute 
phase reaction, many of these biomarkers lack specificity 
especially in patients with a systemic inflammatory disease 
such as RA.

Therefore, we investigated the role of various cardiovas-
cular biomarkers in patients with RA, a high-risk group for 
coronary artery disease with a chronic high state of inflam-
mation. In the present study, we observed no difference in 
CRP levels between patients with and without CAC. As 
expected in RA patients, CRP levels were slightly to mod-
erately elevated in this study population. However, YKL-
40, thought to play a role in both atherogenesis and RA 
[10, 24, 25], was elevated in patients with CAC and was a 
predictor for the presence of CAC in our univariate logistic 
regression analysis. Future studies are needed to assess the 
association between increased C-peptide levels, metabolic 
syndrome, disturbed insulin sensitivity or subclinical dia-
betes, and coronary atherosclerosis.

The present study has several limitations. Although 
our data were adjusted for diabetes mellitus, we cannot 
exclude that some patients were insulin-resistant since, 
e.g., oral glucose tolerance testing was not performed 
and insulin levels were not determined due to shortage of 
specimen. Thus, we cannot comment on the contribution 
of subclinical diabetes to the present association between 
C-peptide and CAC. This may particularly be of impor-
tance since recent data suggest that non-diabetic patients 
with RA exhibit impaired beta cell function compared to 
controls [26]. Furthermore, the sample size of this study 
is small and the findings need to be confirmed in larger 
studies.

In summary, this study shows an association between 
C-peptide and CAC in patients with RA. Future prospective 

Table 2   Intergroup comparison according to the absence or the pres-
ence of coronary artery calcifications (CAC)

BMI body mass index, GFR glomerular filtration rate, FFbH Func-
tional Questionnaire Hannover for rheumatoid arthritis

CAC = 0 CAC > 0 p value

N = 22 N = 32

Anthropomorphic data

 Male gender (n, %) 1 (5 %) 14 (44 %) <0.01

 Age (years) 52 ± 11 62 ± 6 <0.0001

Cardiovascular risk factors

 Smoking (pack-
years)

3.0 ± 5.6 15.4 ± 19.6 <0.01

 Hypertension (n, %) 9 (41 %) 24 (75 %) 0.01

 Diabetes mellitus 
(n, %)

1 (5 %) 3 (9 %) ns

 BMI (kg/m2) 26.02 ± 6.84 27.51 ± 4.7 ns

 GFR (ml/
min/1.73 m2)

91.43 ± 24.12 88.36 ± 18.00 ns

 Time of RA (years) 16.32 ± 8.58 17.17 ± 7.37 ns

 FFbH (%) 75.76 ± 24.73 67.97 ± 25.01 ns

Cardiovascular biomarker

 Total cholesterol 
(mg/dL)

200.18 ± 40.42 222.31 ± 40.53 ns

 LDL cholesterol (mg/
dL)

101.25 ± 39.84 125.14 ± 26.04 0.01

 HDL cholesterol 
(mg/dL)

80.01 ± 26.54 70.46 ± 22.00 ns

 Triglyceride (mg/dL) 97.34 ± 35.86 174.18 ± 122.48 <0.01

 Adiponectin (μg/mL) 12.44 ± 6.50 11.58 ± 7.72 ns

 CRP (mg/L) 5.70 ± 5.62 5.90 ± 8.52 ns

 YKL-40 (ng/mL) 88.54 ± 66.83 149.76 ± 84.99 <0.01

 C-Peptide (nmol/L) 0.745 ± 0.481 1.187 ± 0.771 0.02

 Agatston score (score 
points)

0 ± 0 219 ± 365
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studies are needed to determine whether the associa-
tion between C-peptide levels and the presence of CAC 
observed in this study translates into increased cardiovas-
cular events in patients with RA and elevated C-peptide 
levels.
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