
d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 5 0 ( 2 0 1 9 ) 1 7 4 –1 8 3
Contents available at ScienceDirect
Diabetes Research
and Clinical Practice

journal homepage: www.elsevier.com/locate/diabres
C-peptide predicts all-cause and cardiovascular
death in a cohort of individuals with newly
diagnosed type 2 diabetes. The Skaraborg diabetes
register
https://doi.org/10.1016/j.diabres.2019.03.014
0168-8227/� 2019 Elsevier B.V. All rights reserved.
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Aims: To study the association between baseline level of C-peptide and all-cause death,

cardiovascular death and cardiovascular complications among persons with newly diag-

nosed type 2 diabetes.

Methods: The Skaraborg Diabetes Register contains data on baseline C-peptide concentra-

tions among 398 persons <65 years with newly diagnosed type 2 diabetes 1996–1998.

National registries were used to determine all-cause death, cardiovascular death and inci-

dence of myocardial infarction and ischemic stroke until 31 December 2014. The associa-

tion between baseline C-peptide and outcomes were evaluated with adjustment for

multiple confounders by Cox regression analysis. Missing data were handled by multiple

imputation.

Results: In the imputed and fully adjusted model there was a significant association

between 1 nmol/l increase in C-peptide concentration and all-cause death (HR 2.20, 95%

CI 1.49–3.25, p < 0.001, number of events = 104), underlying cardiovascular death (HR 2.69,

1.49–4.85, p = 0.001, n = 35) and the composite outcome of underlying cardiovascular death,

myocardial infarction or ischemic stroke (HR 1.61, 1.06–2.45, p = 0.027, n = 90).

Conclusions: Elevated C-peptide levels at baseline in persons with newly diagnosed type 2

diabetes are associated with increased risk of all-cause and cardiovascular mortality. C-

peptide might be used to identify persons at high risk of cardiovascular complications

and premature death.
� 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Diabetes is one of the most common chronic diseases globally

and is associated with severe micro- and macrovascular com-

plications, and premature death [1]. From 1980 to 2014, age-

standardized diabetes prevalence in adults has increased

worldwide from 4.3% to 9.0% in men, and from 5.0% to 7.9%

in women. If the trend continues the prevalence of diabetes

is expected to be 12.8% in men and 10.4% in women in 2025

and the number of adults with diabetes will surpass 700 mil-

lion [2]. Rising prevalence and decreasing age at diagnosis will

lead to an increase in diabetes complications and the WHO

projects that diabetes will be the seventh leading cause of

death in 2030 [3].

Several cardiovascular risk factors such as high blood pres-

sure, hyperglycaemia, dyslipidaemia, obesity and inactivity

have been extensively studied among individuals with type

2 diabetes [4–6]. Worse prognosis has also been seen at

younger age at diagnosis [7,8] and novel subgroups of adult-

onset diabetes have been suggested in relation to age, insulin

resistance and other clinical characteristics [9]. Yet consider-

able gaps remain in our understanding of the development

of complications in type 2 diabetes.

Biomarkers have attracted increased attention for early

identification of people at risk of type 2 diabetes and at risk

of cardiovascular complications of type 2 diabetes [10]. How-

ever, studies in people with newly diagnosed type 2 diabetes

are scarce. Identifying high risk individuals at an early stage

of disease could possible provide an opportunity to initiate

more aggressive treatment and monitoring to avoid or post-

pone complications.

C-peptide is a useful clinical indicator of insulin secretion

[11], and represents a possible biomarker for predicting car-

diovascular complications among individuals with newly

diagnosed type 2 diabetes. However, studies of the association

between C-peptide concentrations and complications in type

2 diabetes are still limited and contradictory. In a cross-

sectional study from Turkey including 318 individuals with

type-2 diabetes with mean duration of 9.1 years, a compar-

ison of plasma C-peptide levels in patients with and without

chronic complications in a logistic regression model showed

an association of elevated C-peptide levels with macrovascu-

lar complications [12]. In another longitudinal study from Ger-

many 3316 individuals without previously known diabetes

undergoing coronary angiography were followed for a mean

time of 7.6 years, the results showed an association of

elevated C-peptide levels with all-cause and cardiovascular

mortality [13]. On the other hand, in another study comparing

C-peptide levels and the presence of diabetes complications

in 77 individuals with type 2 diabetes treated only with oral

hypoglycemic agents and a mean diabetes duration of

12.8 years, C-peptide levels did not differ in patients with or

without diabetic complications [14]. None of those studies

were based on individuals with newly diagnosed type 2

diabetes.

In a previous study of 399 participants with newly diag-

nosed type 2 diabetes with a follow-up time of 9 years, we
showed an association between elevated C-peptide and all-

cause death, where individuals in the highest quartile had a

significant 2.75-fold higher risk of all-cause death compared

with those in the lowest quartile. There were no significant

associations with cardiovascular death, incidence of cardio-

vascular events or the development of retinopathy [15]. How-

ever, due to the limited cohort size, associations with

secondary outcomes may have been undetected due to low

power. Therefore, the aim of this study was to use a longer

18-year follow-up period to evaluate C-peptide concentration

at the time of diagnosis of type 2 diabetes as a possible bio-

marker to detect individuals at high risk of all-cause death,

cardiovascular death and cardiovascular complications.

2. Material and methods

2.1. Study setting and participants

The participants in this cohort study comprised a subgroup of

individuals registered in the Skaraborg diabetes register. The

county of Skaraborg is a rural district in southern Sweden

with a population of approximately 280 000 inhabitants in

1995. The Skaraborg diabetes register was established in

1991 [16] before the Swedish National diabetes register was

established, and was active until 2004. Individuals with type

1 and 2 diabetes, but not gestational diabetes were registered.

Registration was carried out at hospitals and diabetes outpa-

tient clinics in primary healthcare, and the type of diabetes

was determined clinically by the reporting physician accord-

ing to prevailing World Health Organization guidelines [17].

The completeness of the Skaraborg diabetes register was

88.4% in 1995 for all individuals with diabetes and 97% for

individuals treated with insulin or oral glucose-lowering

drugs [16]. From 1996 to August 1998 all individuals registered

in the Skaraborg diabetes register aged <65 years at the time

of diagnosis were invited to participate in an additional study

of islet antibodies and ß-cell function [18]. Among those indi-

viduals who agreed to be tested, C-peptide was analysed at

time of diagnosis and a biobank was established, being used

for later additional laboratory analyses. In 2012 we analyzed

creatinine by an enzymatic method and cystatin C and C-

reactive protein (CRP) with an immunoturbidimetric assay

in plasma from the biobank at the Department of Clinical

Chemistry, Skåne University Hospital, Malmö. In this study

we included all individuals with type 2 diabetes, for whom

blood samples were available at diagnosis (n = 398).

2.2. Diagnosis registers

Information on mortality and cardiovascular complications

was retrieved from two national registers kept by the National

Board of Health and Welfare using the unique Swedish per-

sonal identification number. The National Patient Register

includes information about in-patient care [19]. The National

Cause of Death Register contains data on virtually all deaths

in Sweden, indicating the underlying cause of death which

is defined by the World Health Organization as ‘‘the disease
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or injury which initiates the train of morbid events leading

directly to death, or the circumstances of the accident or vio-

lence which produced the fatal injury”, as well as contributing

causes of death which are assigned without priority order

[20].

2.3. Study outcomes and follow-up

The primary study outcome was all-cause death. Secondary

outcomeswere underlying cardiovascular cause of death, con-

tributing cardiovascular cause of death, underlying cancer

cause of death, contributing cancer cause-of death, non-

cardiovascular non-cancer death, fatal and non-fatal myocar-

dial infarction, fatal and non-fatal ischemic stroke and a

composite endpoint comprised of fatal and non-fatal myocar-

dial infarction, fatal and non-fatal ischemic stroke and

cardiovascular death. All outcomes were defined according

to the International Statistical Classification of Diseases and

Related Health Problems (ICD) version 9 and 10, see footnote

Table 2. Study entry was defined as date of diagnosis of type

2 diabetes and the participants were followed until the first

occurrence of: study outcome, death or end of study 31

December 2014.

2.4. Statistics

Continuous variables were described as mean ± standard

deviation (SD), or as median with interquartile range if

skewed. Categorical variables were described as frequencies

and percentages. Study outcomes were described as frequen-

cies and event rates with 95% confidence intervals.

Missing covariate data were handled by multiple imputa-

tion with chained equations, creating 30 imputed datasets

[21]. Non-normally continuous variables were ln-

transformed before inclusion in the imputation model, and

were exponentiated back to their original scale for analysis.

The imputation model included baseline variables: age at

diagnosis, sex, smoking, body mass index (BMI), systolic

blood pressure, antihypertensive treatment, hemoglobin A1c

(HbA1c), C-peptide, estimated glomerular filtration rate

(eGFR), c-reactive protein, total cholesterol, previous myocar-

dial infarction or ischemic stroke, as well as the event status

and the Nelson-Aalen cumulative hazard for each endpoint

analysed.

Cox regression proportional hazards models were used to

calculate hazard ratios (HR) to investigate the association

between baseline C-peptide concentrations as a linear contin-

uous variable and the time from diabetes diagnosis to study

outcomes. For maximal power in the analyses we didn’t cate-

gorize C-peptide in quartiles, and as C-peptide was non-

normally distributed we decided not to convert to Z-score.

The linear functional form of C-peptide was assessed graphi-

cally by Martingale residuals. In the first model, crude unad-

justed hazard ratios were calculated. In a second model,

hazard ratios were adjusted for age and sex. In a third model,

analyses were made for all participants without missing

covariate data (complete cases) with further adjustment for

smoking, BMI, systolic blood pressure, antihypertensive treat-

ment, HbA1c, eGFR, c-reactive protein, total cholesterol and
previous myocardial infarction or ischemic stroke. In a fourth

final model, hazard ratios were calculated using imputed data

with the same adjustments as in model 3. Subgroup analyses

were performed for individuals without previous myocardial

infarction or ischemic stroke. The assumption of proportional

hazards was confirmed by evaluating Schoenfeld residuals

graphically and by the Stata phtest command.

All statistical analyses were performed with SPSS version

23 and Stata version 15.1 software. A two-sided p-value of

<0.05 was considered statistically significant.

2.5. Ethics

The regional ethical review board in Gothenburg approved the

study (Diary numbers 208-06 and T632-16).

3. Results

3.1. Study cohort

A total of 398 individuals <65 years old with clinical

new-onset type 2 diabetes 1996–1998 and available fasting

C-peptide at baseline were included in the study, see flow-

chart Fig. 1. Baseline characteristics are presented in Table 1.

The mean age at diagnosis was 52.4 (SD ± 8.7) years and the

proportion of men was 59.8%. The fasting C-peptide concen-

tration ranged between 0.1 and 4.0 nmol/l, with median value

0.88 nmol/l. Twelve of the individuals had a record of previous

myocardial infarction or ischemic stroke. Baseline character-

istics of the 386 individuals without prior myocardial infarc-

tion or ischemic stroke were similar as in the total cohort,

see Table 1.

3.2. Follow-up and study outcomes

The median follow-up time until death or end of study was

17.0 years and ranged between 0.2 and 18.9 years. The num-

ber of study outcome events and event incidence rates are

presented in Table 2. The primary study outcome, all-cause

death, occurred among 104 individuals (26.1%) during 6135

person-years of follow up. Causes of deaths were evenly dis-

tributed among underlying cardiovascular- (33.6%), cancer-

(30.8%) and non-cardiovascular non-cancer deaths (35.6%).

Cardiovascular disease as contributing cause of death was

recorded for 58 individuals (55.8% of all deaths). Myocardial

infarction occurred among 51 individuals (12.8%), ischemic

stroke among 40 individuals (10.1%) and the composite end-

point of myocardial infarction, ischemic stroke or cardiovas-

cular death among 90 individuals (22.6%). The number of

events among individuals without prior myocardial infarction

or ischemic stroke are presented in Table 2.

3.3. Association between C-peptide and study outcomes

Crude and adjusted HR regarding study outcomes per 1 nmol/

l increase of C-peptide concentration are presented in Table 3.

We saw a significant association between C-peptide concen-

tration and the primary study outcome of all-cause death in

the fully adjusted complete cases model (HR 2.90, 95% CI



Fig. 1 – Flowchart depicting inclusion of study participants and performed analyses.

Table 1 – Baseline characteristics of the study population with new-onset type 2 diabetes 1996–1998.

All individuals Individuals without previous CV eventb

Number of individuals in study population 398 386
Men 238 (59.8%) 226 (58.6%)
Age at diagnosis (years) 52.4 ± 8.7 52.4 ± 8.7
Current smoking 102 (25.6%) 100 (25.9%)
Body mass index (kg/m2) 31.3 ± 5.6 31.2 ± 5.6
Systolic blood pressure (mmHg) 140.6 ± 19.7 140.4 ± 19.5
Diastolic blood pressure (mmHg) 83.1 ± 9.7 83.1 ± 9.8
Antihypertensive treatment 119 (29.9%) 113 (29.3%)
HbA1c, NGSP (%) 7.8 ± 1.7 7.8 ± 1.8
HbA1c, IFCC (mmol/mol) 61.6 ± 19.1 61.6 ± 19.1
C-peptide (nmol/l)a 0.88 (0.62–1.16) 0.87 (0.62–1.15)

Minimum 0.1 0.1
Maximum 4.0 4.0

Creatinine (mmol/l)a 67 (58–81) 67 (58–80)
Cystatin C (mg/l)a 0.85 (0.73–1.05) 0.85 (0.72–1.05)
eGFR (ml/min/1.73 m2) 103.9 ± 38.2 104.2 ± 38.5
CRP (mg/l)a 3.4 (1.7–6.6) 3.4 (1.7–6.7)
Cholesterol (mmol/l) 5.8 ± 1.4 5.8 ± 1.3
Previous CV eventb 12 (3.0%) –

Values are expressed as mean ± SD or frequencies (%) if not otherwise specified.

Missing data among all individuals (and individuals without previous CV event) for current smoking: n = 6 (5); systolic and diastolic blood

pressure: n = 13 (12); HbA1c: n = 9 (9); creatinine, cystatin C, eGFR and CRP: n = 2 (2); cholesterol: n = 120 (117).

CV, cardiovascular; HbA1c, hemoglobin A1c; NGSP, National glycohemoglobin standardization program; IFCC, International federation of clinical

chemistry; eGFR, estimated glomerular filtration rate; CRP, c-reactive protein.
a Median (interquartile range).
b Myocardial infarction or ischemic stroke.
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1.81–4.66, p < 0.001) and in the final fully adjusted imputed

model (HR 2.20, 1.49–3.25, p < 0.001). The increased risk of

mortality was mainly driven by cardiovascular disease, show-

ing significantly increased HR in all models for underlying as
well as contributing cardiovascular causes of death. In the

final fully adjusted imputed model the HR for cardiovascular

disease as underlying cause of death was 2.69 (1.49–4.85,

p = 0.001). There was no significant association between C-



T ble 2 – Number of outcome events and event incidence rates per 1000 person-years among individuals with new-onset type 2 diabetes 1996–1998. Follow-up until 31
D cember 2014.

All individuals (n = 398) Individuals without previous CV eventa (n = 386)

Number of events Incidence rate 95% CI Number of events Incidence rate 95% CI

ll-cause death 104 16.9 14.0–20.5 96 16.1 13.2–19.6
V underlying death 35 5.7 4.1–7.9 29 4.9 3.4–7.0
V contributing death 58 9.5 7.3–12.2 51 8.5 6.5–11.2
ancer death 32 5.2 3.7–7.4 32 5.4 3.8–7.6
ancer contributing death 36 5.9 4.2–8.1 35 5.9 4.2–8.2
on-CV non-cancer death 37 6.0 4.4–8.3 35 5.9 4.2–8.2
yocardial infarction 51 8.7 6.6–11.4 49 8.5 6.5–11.3

schemic stroke 40 6.8 5.0–9.2 35 6.1 4.4–8.5
V death, myocardial infarction or ischemic stroke 90 14.8 12.0–18.1 81 13.6 10.9–16.9

V, cardiovascular; 95% CI, 95% confidence interval.

V death: ICD 10: I, ICD 9: 390–459; cancer death: ICD 10: C, ICD 9: 140–239; non-CV non-cancer death: ICD 10: all codes except C and I, ICD 9: all codes except 390–459 or 140–239; myocardial infarction:

CD 10: I21, ICD 9: 410; ischemic stroke: ICD 10: I63, ICD 9: 433, 434.

Myocardial infarction or ischemic stroke.
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Table 3 – Association between linear continuous C-peptide concentration and death, myocardial infarction, ischemic stroke an composite endpoint among 398 individuals
with debut of type 2 diabetes 1996–1998. Follow-up until 31 December 2014.

Model 1 (crude) Model 2 (adjusted for age and sex) Model 3 (fully adjusted, complete cases)a,b odel 4 (fully adjusted, imputed variables)a

HR 95% CI p HR 95% CI p HR 95% CI p R 95% CI p

All cause death 2.01 1.45–2.79 <0.001 2.16 1.55–3.01 <0.001 2.90 1.81–4.66 <0.001 .20 1.49–3.25 <0.001
CV underlying
death

2.86 1.85–4.43 <0.001 3.31 2.06–5.32 <0.001 4.26 2.00–9.04 <0.001 .69 1.49–4.85 0.001

CV contributing
cause of death

2.62 1.82–3.79 <0.001 2.96 2.00–4.36 <0.001 3.30 1.76–6.21 <0.001 .31 1.43–3.72 0.001

Cancer death 1.45 0.72–2.91 0.30 1.48 0.74–2.97 0.27 2.19 0.76–6.27 0.14 .90 0.88–4.12 0.10
Cancer
contributing
cause of death

1.43 0.74–2.77 0.29 1.49 0.77–2.89 0.24 2.45 0.93–6.48 0.071 .98 0.95–4.13 0.069

Non-CV non-
cancer death

1.58 0.84–2.95 0.16 1.72 0.90–3.27 0.098 3.32 1.30–8.48 0.012 .94 0.92–4.08 0.081

Myocardial
infarction

1.68 1.04–2.72 0.036 1.72 1.05–2.80 0.030 1.27 0.62–2.62 0.51 .47 0.84–2.58 0.17

Ischemic stroke 1.56 0.85–2.86 0.16 1.68 0.91–3.11 0.099 1.36 0.60–3.06 0.46 .22 0.62–2.39 0.56
CV death,
myocardial
infarction or
ischemic stroke

1.78 1.21–2.60 0.003 1.87 1.28–2.74 0.001 1.96 1.23–3.12 0.005 .61 1.06–2.45 0.027

CV, cardiovascular; HR, hazard ratio; 95% CI, 95% confidence interval.

Statistically significant results (p-value of <0.05) in bold.
a Adjusted for age, sex, smoking, systolic blood pressure, HbA1c, antihypertensive treatment, BMI, CRP, eGFR, cholesterol, and previous myocar l infarction or ischemic stroke.
b Complete data was available for 266 cases.
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peptide and cancer death either as underlying or contributing

cause of death. The risk of non-cardiovascular non-cancer

death was significantly increased in the fully adjusted com-

plete cases model, but not in the final fully adjusted imputed

model. We saw a significant association between C-peptide

and risk of the composite endpoint (myocardial infarction,

ischemic stroke or cardiovascular death) in all models with

HR 1.61 (1.06–2.45, p = 0.027) in the final fully adjusted

imputed model. For the risk of myocardial infarction, no sig-

nificant association could be detected in the fully adjusted

models. Concerning the risk of ischemic stroke, no significant

association was found to C-peptide. The subgroup analyses of

individuals with no record of previous myocardial infarction

or ischemic stroke are presented in supplementary Table 1.

Similar results were found as in the total cohort with respect

to significance and magnitude.

4. Discussion

In this 18-year follow-up prospective study with 398 individu-

als <65 years old with newly diagnosed type 2 diabetes in

1996–1998 we saw a highly significant association between

C-peptide concentration at diagnosis and all-cause and car-

diovascular death. The risk of all-cause death was 2.2-fold

increased per 1 nmol/l increase in C-peptide concentration

when adjusted for multiple risk factors, and the correspond-

ing adjusted risks of death coded as either underlying or con-

tributing cardiovascular disease were 2.7 and 2.3-fold. Of the

104 individuals who died during follow up, approximately

one third (34%) died of underlying cardiovascular disease

and the majority (56%) had a contributing cardiovascular

cause of death. We also saw a significant but weaker 1.6-

fold adjusted association between C-peptide concentration

and the composite endpoint of myocardial infarction,

ischemic stroke and underlying cardiovascular death, but no

association could be detected in the adjusted models regard-

ing myocardial infarction or ischemic stroke per se.

Our results are consistent with several previous studies. In

an US prospective study of 1370 individuals with type 1 or

type 2 diabetes with a mean diabetes duration of 15.3 years

and a follow up of 16 years, C-peptide was significantly asso-

ciated with all-cause and ischemic heart disease mortality

after controlling for potential confounders (age, sex, BMI,

duration of diabetes, systolic blood pressure, history of car-

diovascular disease, diabetic retinopathy status, smoking,

time since last meal, exogenous insulin use, and HbA1c)

[22]. An Italian longitudinal study of 431 individuals with

stable atherosclerosis, with or without diabetes, and a mean

follow-up of 56 months showed that C-peptide was associ-

ated with cardiovascular mortality independently of known

diabetes status, even after adjustment for age, sex, diabetes

treatment, estimated glomerular filtration rate [23]. Also in

our own previous study with shorter follow-up time we could

show an elevated all-cause mortality for individuals with

higher C-peptide levels [15]. However, there are also some

studies not providing evidence of association between C-

peptide and cardiovascular disease and cardiovascular mor-

tality. For example, in an Italian retrospective cohort study

with median follow-up of 14 years 2113 individuals with type
2 diabetes with an approximate diabetes duration of 9 years

were studied. After adjusting for multiple confounders, no

association could be found between higher baseline C-

peptide levels and cardiovascular disease, all-cause mortality

or mortality due to cancer, diabetes or cardiovascular diseases

[24]. This study could however show that higher C-peptide

levels were associated with a reduced risk of incident

microvascular complications (retinopathy, nephropathy and

neuropathy). This shows that the role of C-peptide in the

development of diabetes complications is rather complex

and not easy to interpret having in mind the coexistence of

multiple cardiovascular risk factors.

C-peptide levels and cardiovascular complications and

mortality have also been studied in non-diabetes populations.

A retrospective cohort study of 5,153 non-diabetes individuals

between 40 and 74 years old and a follow-up time of

14.4 years showed that C-peptide levels significantly related

to cardiovascular and overall death [25]. Possible explanations

discussed were that high C-peptide levels reflect insulin-

resistance, that high C-peptide levels predict future worsen-

ing of the current risk factors or cardiovascular disease, or

the existence of other significant predictors of cardiovascular

death that could not be accounted for [25].

As mentioned one possible pathophysiological mecha-

nism of the increased risk of cardiovascular mortality associ-

ated with elevated levels of C-peptide could be that elevated

C-peptide levels mirror high insulin concentration and insu-

lin resistance which is part of the metabolic syndrome which

is a cardiovascular risk factor [26]. It should be noted that the

association between elevated C-peptide levels and the

increased risk of cardiovascular mortality was independent

of BMI, a measurement for obesity which is also a part of

the metabolic syndrome. The association remained signifi-

cant also after adjustment for several other cardiovascular

risk factors suggesting that C-peptide could be an indepen-

dent risk factor for elevated cardiovascular mortality in our

study population. Moreover, it is now accepted that insulin

resistance is not only a consequence of obesity and metabolic

syndrome but also an independent cardiovascular risk factor

[27]. Experimental studies have shown that loss of insulin sig-

nalling in the endothelium plays an important role in the

development of endothelial dysfunction [28]. This suggests

the importance of not only treating elevated blood glucose

levels, but also of seeking to improve the insulin sensitivity

pharmacologically [29].

The lack of significant association between elevated C-

peptide concentration and myocardial infarction or stroke in

the adjusted models was somewhat unexpected, but possibly

related to modest effect sizes and the rather small number of

events due to the small population size, especially for

myocardial infarctions where we saw a significant association

in the crude, and age and sex adjusted models. In addition,

silent myocardial infarctions may have passed unrecognized.

We did not study microvascular complications such as

retinopathy or renal failure. However, it is interesting to note

that higher C-peptide levels appear to be associated with

reduced risk of incident microvascular diabetes complica-

tions as shown for example in the Italian study described in

detail above [24] for both retinopathy, neuropathy and
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nephropathy. This association has also been noted among

individuals with type 1 diabetes, indicating a protective effect

of preserved ß-cell function regarding the development of

microvascular complications [30]. C-peptide has been dis-

cussed as a possible therapeutic candidate in patients with

type 1 diabetes and its protective effect has been suggested

to be mediated through cell membrane interaction, intracel-

lular mechanisms, anti-inflammatory and circulatory effects

[31].

This suggests a complex role of C-peptide as a biomarker

for diabetes complications [32]. Also, novel clinical pheno-

types of adult-onset diabetes with different panoramas of

complications have been proposed partly based on level of

insulin resistance and ß-cell function [9]. Positive effects of

intensive blood glucose-lowering therapy on mortality and

macrovascular complications in people with type 2 diabetes

are still controversial. While some studies have reported short

term [33] but not long term benefits [34], others have found

that mortality might even increase [35]. This suggests that

the intensity of antidiabetic treatment needs to be individual-

ized and that it may be most beneficial when initiated early in

the course of the disease.

A particular strength of the study is the focus on persons

with newly diagnosed type 2 diabetes. This means both avoid-

ing the risk of survival bias at study inclusion and also having

a study population ideal for early detection of individuals at

high risk, providing valuable information to initiate individu-

alized treatment at an early stage. Another strength is the

population-based design of the study that allows for real life

analyses. The high capture rate of the Skaraborg diabetes reg-

ister minimizes the risk of patient selection bias and

increases the likelihood that persons in the study cohort are

representative to those usually met and treated in primary

care. Also, the biomarker C-peptide we studied is already

available and used in clinical practice at relative low cost.

Our study has some limitations. First, the sample size was

small, resulting in limited power to detect significant associ-

ations. For example, in a post-hoc power analysis we esti-

mated that at least 228 myocardial infarctions among 1779

individuals would be needed to detect the 1.47 hazard ratio

seen in the current study’s fully adjusted model assuming

no correlation between c-peptide and other covariates, 80%

power and a two-sided 5%-level significance test. Alterna-

tively, the hazard ratio was estimated to have to be minimum

2.26 given the current 51 myocardial infarctions among 398

individuals. Second, since this is an observational study we

cannot determine causality between C-peptide levels and

study outcomes. Third, only persons <65 years at diagnosis

were included whereas many persons with type 2 diabetes

mellitus are older at diagnosis. Fourth, the study’s long

follow-up is a strength, but also means that medical treat-

ment used during the study period differs compared to poten-

tially more beneficial contemporary treatment. Moreover we

do not have any specific data on lipid or blood pressure low-

ering agents used or use of glucose lowering agents that could

affect the endogenous insulin production and therefore the c-

peptide levels. Fifth, Skaraborg county is mainly a rural area

populated by people of European descent and it is possible

our findings could be different in another setting. Finally,

although adjusted for multiple confounders we cannot
exclude residual confounding since certain clinical data were

not available, e.g. insulin levels and socioeconomic status.

In conclusion, we were able to show that elevated

C-peptide levels in persons with newly diagnosed type 2

diabetes are associated with increased risk of all-cause and

cardiovascular mortality. Currently C-peptide is mainly used

to distinguish between different types of diabetes. Our results

suggest that C-peptide might also be used to identify persons

with newly diagnosed type 2 diabetes at high risk of cardio-

vascular complications and premature death.

We recommend further studies focusing on detecting the

exact mechanism by which C-peptide could contribute to car-

diovascular and all-cause death in individuals with type 2 dia-

betes and on providing possible therapeutic implications.

Acknowledgements

We thank Bo Berger, MD, PhD, founder of the Skaraborg Dia-

betes Register. We also are very grateful for assistance from

Ms Ann Segerblom and Hendrik Pikkemaat, MD, in the collec-

tion of data and Per Hjerpe, MD, PhD, for support in data

retrieval.

Funding

This work was supported by the Skaraborg Research and

Development Council, the Skaraborg Institute for Research

and Development, the Skaraborg Primary Care Research and

Development Council, and the Swedish Society of Medicine.

Miriam Pikkemaat was supported by the Skåne County Coun-
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