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Abstract 

Background:  Cardiovascular disease and kidney damage are tightly associated in people with type 2 diabetes. 
Experimental evidence supports a causal role for vasopressin (or antidiuretic hormone) in the development of 
diabetic kidney disease (DKD). Plasma copeptin, the COOH-terminal portion of pre-provasopressin and a surrogate 
marker of vasopressin, was shown to be positively associated with the development and progression of DKD. Here we 
assessed the association of plasma copeptin with the risk of cardiovascular events during follow-up in two prospec‑
tive cohorts of type 2 diabetic patients, and we examined if this association could be mediated by deleterious effects 
of vasopressin on the kidney.

Methods:  We studied 3098 and 1407 type 2 diabetic patients from the French cohorts DIABHYCAR and SURDIAGENE, 
respectively. We considered the incidence during follow-up (median: 5 years) of a combined end point composed of 
myocardial infarction, coronary revascularization, hospitalization for congestive heart failure, or cardiovascular death. 
Copeptin concentration was measured in baseline plasma samples by an immunoluminometric assay.

Results:  The cumulative incidence of cardiovascular events during follow-up by sex-specific tertiles of baseline 
plasma copeptin was 15.6% (T1), 18.7% (T2) and 21.7% (T3) in DIABHYCAR (p = 0.002), and 27.7% (T1), 34.1% (T2) and 
47.6% (T3) in SURDIAGENE (p < 0.0001). Cox proportional hazards survival regression analyses confirmed the associa‑
tion of copeptin with cardiovascular events in both cohorts: hazard ratio with 95% confidence interval for T3 vs. T1 
was 1.29 (1.04–1.59), p = 0.02 (DIABHYCAR), and 1.58 (1.23–2.04), p = 0.0004 (SURDIAGENE), adjusted for sex, age, BMI, 
duration of diabetes, systolic blood pressure, arterial hypertension, HbA1c, total cholesterol, HDL-cholesterol, triglyc‑
erides, estimated glomerular filtration rate (eGFR), urinary albumin concentration (UAC), active tobacco smoking, and 
previous history of myocardial infarction at baseline. No interaction was observed between plasma copeptin and 
eGFR (p = 0.40) or UAC (p = 0.61) categories on the risk of cardiovascular events in analyses of pooled cohorts.

Conclusions:  Plasma copeptin was positively associated with major cardiovascular events in people with type 2 
diabetes. This association cannot be solely accounted for by the association of copeptin with kidney-related traits.
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Background
Cardiovascular disease (CVD) is a major cause of mor-
bidity and mortality in people with type 2 diabetes [1], 
who have a threefold higher risk than nondiabetic indi-
viduals of developing atherosclerosis and its clinical com-
plications [2, 3]. Moreover, about 20–30% of patients 
with type 2 diabetes develop diabetic kidney disease 
(DKD) [4], which is also associated with increased risk of 
cardiovascular morbidity and mortality [5].

An increasing body of experimental, pharmacological 
and epidemiological data supports a causal role of vaso-
pressin (or antidiuretic hormone) in the development 
and progression of chronic kidney disease (CKD) [6–17]. 
Plasma copeptin, the COOH-terminal portion of pre-
provasopressin and a surrogate marker of vasopressin, 
was shown to be positively associated with the decline 
in kidney function in the general population [11, 12, 17], 
and with the development and progression of DKD in 
type 1 and type 2 diabetes [10, 13, 16]. Plasma copeptin 
was also shown to be associated with CVD in a few stud-
ies [18–20], especially in elder people with diabetes [19, 
20].

Here, we investigated the association of baseline 
plasma copeptin with the incidence of CVD in two inde-
pendent French cohorts of people with type 2 diabetes. 
We looked for interactions between plasma copeptin and 
markers of kidney function at baseline in the association 
of copeptin with CVD risk to evaluate if this association 
could be accounted for by deleterious effects of vasopres-
sin on the kidney.

Methods
Study population
We studied 3098 and 1407 type 2 diabetic subjects from 
the DIABHYCAR and SURDIAGENE cohorts, respec-
tively. DIABHYCAR was a multinational, multicentric 
clinical trial conducted in people with type 2 diabetes 
selected on the basis of persistent microalbuminuria (uri-
nary albumin concentration, UAC = 20–200  mg/l) or 
macroalbuminuria (UAC > 200  mg/l) without renal fail-
ure (plasma creatinine < 150  µmol/l) at baseline [21]. 
Patients in the French branch of DIABHYCAR (included 
in the present investigation) were followed and recruited 
into the study by general practitioners. The trial tested 
the effect of a low dose of ramipril, an angiotensin con-
verting enzyme (ACE) inhibitor, on the incidence of car-
diovascular and/or renal events. The median duration of 
follow-up was 4.7  years. Results were negative regard-
ing the drug effect and were published previously [22]. 
SURDIAGENE is an ongoing prospective monocentric 
study aiming to identify the genetic and environmental 
determinants of vascular complications in type 2 diabetes 

[23, 24]. Patients have been recruited and followed regu-
larly since 2002 at the diabetes department of the Uni-
versity Hospital of Poitiers, France. Living status and 
cardiovascular and kidney end points were determined 
from patients’ hospital records and interviews with gen-
eral practitioners, and recorded every other year since 
2007. Median duration of follow-up was 5 years. Detailed 
description of study population, outcome criteria, and 
adjudication procedure was published previously for 
both cohorts [21, 22, 25].

Definition of clinical parameters and outcomes
Arterial hypertension was defined as systolic blood pres-
sure (SBP) > 140  mmHg and/or diastolic blood pressure 
(DBP) > 90  mmHg, or SBP and DBP below these values 
in the presence of antihypertensive medication and his-
tory of hypertension. We considered the incidence of 
cardiovascular events during follow-up, a combined end 
point composed of coronary heart disease (myocardial 
infarction or coronary revascularization), congestive 
heart failure (CHF) or cardiovascular death. Myocardial 
infarction was diagnosed as the occurrence of at least 2 
out of 3 of the following criteria: constrictive chest pain 
lasting 20 min or longer, increased serum creatine phos-
phokinase activity and/or troponin concentration, or 
typical electrocardiographic changes. Coronary revas-
cularization included cases of coronary artery bypass 
grafting and percutaneous coronary intervention. Inci-
dent cases of CHF were defined as the occurrence dur-
ing follow-up of hospitalization due to CHF as defined by 
the 2012 criteria of the European Society of Cardiology 
[26]. Cardiovascular death was defined as death follow-
ing myocardial infarction, CHF, arrhythmias or stroke. In 
both cohorts the outcomes were prospectively collected 
(except for CHF data, readjudicated in 2014), and were 
adjudicated by independent ad hoc committees [21, 22, 
25].

Estimated glomerular filtration rate (eGFR) was cal-
culated using the CKD-EPI study equation [27]. eGFR 
categories were defined as proposed by the Kidney 
Disease Improving Global Outcomes (KDIGO) group 
[28]: GFR ≥ 90  ml/min/1.73  m2 (G1), 90 > GFR ≥ 60  ml/
min/1.73 m2 (G2), 60 > GFR ≥ 45 ml/min/1.73 m2 (G3A), 
45 > GFR ≥ 30  ml/min/1.73  m2 (G3B), 30 > GFR ≥ 15  ml/
min/1.73  m2 (G4), GFR < 15  ml/min/1.73  m2 (G5). The 
slope of eGFR variation during follow-up was computed 
for each individual using the simple linear regression 
coefficient determined from all baseline and follow-up 
values. Rapid kidney function decline during follow-
up was defined as a slope of eGFR steeper than − 5 ml/
min/1.73 m2 per year [28]. We also considered the inci-
dence of a kidney outcome defined as doubling of serum 
creatinine or the development of ESRD (requirement 
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of hemodialysis or kidney transplantation) during 
follow-up.

Laboratory procedures
Copeptin concentration was measured in fasting plasma-
EDTA samples, collected at baseline and kept frozen at 
− 80  °C. Copeptin measurements were performed by 
ThermoFisher Scientific using their automated immu-
noluminometric assay (ultra-sensitive B•R•A•H•M•S 
Copeptin proAVP, Thermo Scientific, Hennigsdorf, Ger-
many) [29, 30]. The limit of detection was 0.9  pmol/l. 
Intra-assay CV reported by the manufacturer was < 15 
and < 8% for concentrations range of 2.0–4.0 and 4.0–
15.0  pmol/l, respectively. Inter-assay CV was < 18% 
and < 10%, respectively, for the lower and higher copeptin 
concentration range. Urinary albumin was measured by 
nephelometry. Biobanking and laboratory procedures for 
blood biochemistry assays in both cohorts are described 
elsewhere [22, 25].

Computations and statistical analyses
Cohort and sex-specific tertiles of plasma copeptin 
concentration were computed to take into account 
cohort-related and the well-known sex-related differ-
ences in copeptin levels [31–35]. Results are expressed 
as mean ± SD, except where stated otherwise. Differ-
ences between groups were assessed by Pearson’s Chi 
squared test, Wilcoxon/Kruskal–Wallis test, ANOVA 
or ANCOVA. Kaplan–Meier curves were used to plot 
the incidence of outcomes over time. Cox proportional 
hazards survival regression analyses and logistic regres-
sion analyses were used to examine the effect of plasma 
copeptin at baseline on outcomes during follow-up and 
to evaluate the independence of this association from 
other relevant covariates, and specially from markers of 
kidney function. Hazard ratios (HR) or Odds ratios (OR) 
with their 95% confidence intervals (CI) were computed 
in these analyses. The association of plasma copeptin 
with the risk of cardiovascular events was tested in two 
sets of analyses. In the first set, data from the cohorts 
were analyzed separately and two regression models 
were tested in each cohort. Model 1 included as inde-
pendent covariates baseline parameters with p < 0.10 (in 
at least one of the cohorts) in the comparison between 
incident cases and participants with no events (data 
from Table 1), except UAC and eGFR, while model 2 also 
included these markers of kidney function. The second 
set of analyses was performed with pooled data from the 
cohorts to increase sample size and the number of events 
during follow-up, and thus the statistical power of the 
analyses. Cohort membership was always included as a 
covariate in the regression models to take into account 

cohort-related differences. We looked for associations 
of baseline plasma copeptin with the incidence of indi-
vidual cardiovascular outcomes (myocardial infarction, 
coronary revascularization, CHF, cardiovascular death, 
stroke) during follow-up. We also tested interactions 
between the copeptin tertiles and KDIGO eGFR catego-
ries or UAC categories (normo, micro or macroalbumi-
nuria) in the association of copeptin with cardiovascular 
events. For standardization of results, quantitative covar-
iates were expressed as qualitative dichotomous (below 
or above the cohort-specific median) variables, and the 
interactions were assessed by including in the regres-
sion models interaction terms (“copeptin tertile/KDIGO 
eGFR category” and “copeptin tertile/UAC category”). 
For all analyses, data were log-transformed when the 
normality of the distribution was rejected by the KSL 
goodness of fit test. Statistics were performed with JMP 
(SAS Institute Inc., Cary, NC). P < 0.05 was considered as 
significant.

Results
Copeptin and cardiovascular events during follow‑up
Cardiovascular events comprised 94 cases of myocar-
dial infarction, 290 cases of coronary revascularization, 
127 cases of CHF, and 208 cases of cardiovascular death 
in 577 (18.6%) DIABHYCAR participants. It comprised 
121 cases of myocardial infarction, 161 cases of coro-
nary revascularization, 241 cases of CHF, and 297 cases 
of cardiovascular death in 513 (34.5%) SURDIAGENE 
participants. The incidence rates were 4.5 and 5.0 per 
100 person-years in DIABHYCAR and SURDIAGENE, 
respectively. Characteristics of participants at baseline by 
the incidence of cardiovascular events during follow-up 
are shown in Table 1. Briefly, incident cases of cardiovas-
cular events in each of the cohorts, as compared to par-
ticipants not presenting the outcome, were more likely 
to be men, were older, had a longer duration of diabetes, 
higher systolic blood pressure and lower BMI. They had 
higher circulating levels of copeptin, HbA1c and UAC, 
and lower eGFR. Arterial hypertension and a previous 
history of myocardial infarction were more frequent in 
incident cases from both cohorts. Triglycerides and total 
cholesterol were higher, and HDL-cholesterol was lower 
in incident cases from DIABHYCAR.

Characteristics of participants at baseline by tertiles of 
plasma copeptin are shown in Additional file 1: Table S1. 
The cumulative incidence of cardiovascular events dur-
ing follow-up by tertiles of baseline plasma copeptin was 
15.6% (T1), 18.7% (T2) and 21.7% (T3) in DIABHYCAR 
participants (Pearson’s Chi square 12.6, p = 0.002), and 
27.7% (T1), 34.1% (T2) and 47.6% (T3) in SURDIAGENE 
participants (Pearson’s Chi square 41.3, p < 0.0001). 
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Kaplan–Meier (cumulative incidence) curves for the 
outcome during follow-up by tertiles of plasma copep-
tin at baseline are shown in Fig.  1. In DIABHYCAR, 
Cox analysis with Model 1 (no markers of kidney func-
tion as covariates) confirmed a positive association of the 
upper tertiles of plasma copeptin, and of loge[copeptin], 
with the incidence of cardiovascular events during fol-
low-up (Table  2). When baseline UAC and eGFR were 
included in the Cox analysis (Model 2), the upper ter-
tile of plasma copeptin remained significant associated 
with the outcome, and a trend towards association was 
observed for loge[copeptin] (Table 2). In SURDIAGENE, 
Cox analysis with Models 1 and 2 confirmed the positive 
association of the upper tertiles of plasma copeptin, and 

of loge[copeptin], with the incidence of cardiovascular 
events during follow-up (Table 2).

Sensitivity analyses: copeptin and risk of individual 
cardiovascular outcomes during follow‑up
The higher tertile of plasma copeptin was signifi-
cantly associated with greater incidence of myocardial 
infarction, CHF and cardiovascular death, and with 
the requirement of coronary revascularization dur-
ing follow-up when the outcomes were analyzed sepa-
rately (Additional file 1: Table S2). No association was 
observed with the incidence of stroke. For these analy-
ses, data from both cohorts were pooled to increase the 
number of events of each individual outcome.

Table 1  Clinical characteristics at baseline by the incidence of cardiovascular events during follow-up

Data expressed as mean ± SD except (*) expressed as median and interquartile range. Statistics for quantitative parameters are ANOVA with log-transformed data, 
except (*) Wilcoxon/Kruskal–Wallis rank sums test. HbA1c is expressed in % of total hemoglobin and in mmol/mol (millimoles HbA1c per mole of total hemoglobin). 
KDIGO categories (G1 to G5) are defined by decreasing eGFR values (see “Methods”). UAC: urinary albumin concentration. p < 0.05 is significant

DIABHYCAR​ p SURDIAGENE p

No events Incident cases No events Incident cases

N 2521 577 894 513

Sex: male (%) 72 79 0.0003 55 63 0.006

Age (years) 65 ± 8 68 ± 8 < 0.0001 63 ± 11 69 ± 10 < 0.0001

BMI (kg/m2) 29.5 ± 4.6 28.8 ± 4.5 0.0006 31.7 ± 6.5 30.8 ± 5.8 0.01

Duration of diabetes (years) 10 ± 8 11 ± 8 0.0003 13 ± 10 17 ± 10 < 0.0001

HbA1c (%) 7.8 ± 1.7 8.1 ± 1.9 0.006 7.7 ± 1.6 7.9 ± 1.5 0.03

HbA1c (mmol/mol) 62 ± 19 65 ± 20 0.007 61 ± 17 63 ± 16 0.02

Systolic blood pressure (mmHg) 145 ± 14 147 ± 14 0.002 131 ± 17 135 ± 19 < 0.0001

Diastolic blood pressure (mmHg) 82 ± 8 82 ± 8 0.87 73 ± 11 72 ± 12 0.40

Arterial Hypertension (%) 55 63 0.0003 79 91 < 0.0001

UAC (mg/l)* 72 (126) 107 (254) <0.0001 19 (60) 48 (257) < 0.0001

UAC​

 Normoalbuminuria (%) 0 0 51.8 35.7

 Microalbuminuria (%) 78.6 67.4 < 0.0001 36.7 36.4 < 0.0001

 Macroalbuminuria (%) 21.4 32.6 11.5 27.9

Creatinine (µmol/l) 88 ± 20 95 ± 20 < 0.0001 90 ± 59 122 ± 95 < 0.0001

eGFR (ml/min/1.73 m2) 78 ± 20 73 ± 19 < 0.0001 78 ± 22 62 ± 27 < 0.0001

KDIGO

 G1 (%) 26.0 17.8 < 0.0001 36.7 17.0 < 0.0001

 G2 (%) 56.2 55.5 43.6 38.4

 G3A (%) 15.8 21.8 10.7 19.5

 G3B (%) 2.0 4.9 6.2 10.5

 G4 (%) 0 0 1.6 10.5

 G5 (%) 0 0 1.2 4.1

Total cholesterol (mmol/l) 5.76 ± 1.06 5.95 ± 1.09 <0.0001 4.75 ± 1.13 4.83 ± 1.22 0.30

HDL cholesterol (mmol/l) 1.33 ± 0.36 1.26 ± 0.32 < 0.0001 1.20 ± 0.41 1.18 ± 0.41 0.34

Triglycerides (mmol/l) 2.19 ± 1.44 2.32 ± 1.29 0.003 1.90 ± 1.30 1.97 ± 1.69 0.81

Previous myocardial infarction (%) 4 12 < 0.0001 9 27 <0.0001

Active tobacco smoking (%) 14 15 0.55 12.0 8.1 0.02

Copeptin (pmol/l)* 7.1 (6.6) 7.9 (7.4) 0.0001 6.2 (7.0) 8.4 (11.4) < 0.0001
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Copeptin and kidney function at baseline 
and during follow‑up
Plasma copeptin was associated with markers of kidney 
function at baseline and with evolution of DKD during 
follow-up in both cohorts. Copeptin levels increased 
consistently through KDIGO groups (G1–G5) defined 
by decreasing levels of eGFR, and increased with the 
severity of albuminuria at baseline (Additional file  1: 
Figure S1). Increasing tertiles of plasma copeptin at 
baseline were associated with steeper yearly decline in 
eGFR. The slope of eGFR decline by tertiles of plasma 
copeptin was − 1.15 ± 0.17 (T1), − 1.51 ± 0.17 (T2), and 
− 2.72 ± 0.18 ml/min/1.73 m2 per year (T3) for DIABHY-
CAR (mean ± SEM, ANCOVA p < 0.0001, adjusted for 
sex, age, eGFR and UAC at baseline and duration of fol-
low-up). It was − 1.09 ± 0.94 (T1), − 2.88 ± 0.96 (T2), and 
− 4.42 ± 1.06  ml/min/1.73  m2 per year (T3) for SURDI-
AGENE (ANCOVA p = 0.03). Rapid kidney function 
decline during follow-up was observed in 432 DIABHY-
CAR and 258 SURDIAGENE participants. Association 
of baseline plasma copeptin with rapid kidney function 
decline was confirmed by logistic regression analyses 
in both cohorts (Additional file  1: Table  S3). Associa-
tion of baseline plasma copeptin with a kidney outcome 
defined as doubling of serum creatinine or the develop-
ment of ESRD during follow-up was previously reported 
for DIABHYCAR [10], and is shown in Additional file 1: 
Table S4 for SURDIAGENE.

Fig. 1  Kaplan-Meier curves for the cumulative incidence of 
cardiovascular events during follow-up by tertiles of baseline plasma 
copeptin. a DIABHYCAR study; log-rank test Chi square = 15.9, 
p = 0.0004. b SURDIAGENE study; log-rank test Chi square = 78.4, 
p < 0.0001

Table 2  Cardiovascular events during follow-up by tertiles of plasma copeptin at baseline

Data expressed as number of cases and (%) by line. Hazards ratio (HR) computed by Cox proportional hazards survival regression analysis for tertiles of plasma 
copeptin, and for 1 unit of loge[copeptin]. Model 1: adjusted for sex, age, BMI, duration of diabetes, systolic blood pressure, arterial hypertension, HbA1c, total 
cholesterol, HDL-cholesterol, triglycerides, active tobacco smoking, and previous history of myocardial infarction at baseline. In DIABHYCAR, analysis was further 
adjusted for study treatment (randomization group in the original DIABHYCAR study: ramipril vs placebo) during follow-up. Model 2: model 1 plus adjustments for 
eGFR and UAC at baseline. p < 0.05 is significant

DIABHYCAR​ SURDIAGENE

No events Cardiovascular events No events Cardiovascular events

T1 873 (84.4%) 161 (15.6%) 339 (72.3%) 130 (27.7%)

T2 841 (81.3%) 193 (18.7%) 309 (65.9%) 160 (34.1%)

T3 808 (78.4%) 223 (21.6%) 246 (52.4) 223 (47.6%)

HR (95% CI) p HR (95% CI) p

Model 1

 T3 vs T1 1.40 (1.13–1.72) 0.001 2.10 (1.68–2.64) < 0.0001

 T2 vs T1 1.28 (1.04–1.59) 0.02 1.46 (1.15–1.85) 0.002

 T3 vs T2 1.09 (0.90–1.33) 0.39 1.44 (1.18–1.78) 0.0005

 Loge[copeptin] 1.21 (1.06–1.37) 0.004 1.52 (1.37–1.67) < 0.0001

Model 2

 T3 vs T1 1.29 (1.04–1.59) 0.02 1.58 (1.23–2.04) 0.0004

 T2 vs T1 1.25 (1.01–1.54) 0.04 1.39 (1.10–1.77) 0.006

 T3 vs T2 1.03 (0.85–1.26) 0.75 1.14 (0.91–1.43) 0.27

 Loge[copeptin] 1.13 (0.99–1.29) 0.06 1.28 (1.12–1.46) 0.0003
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Interactions of copeptin and markers of kidney function 
on cardiovascular risk
Interactions of plasma copeptin and markers of kidney 
function at baseline on the risk of cardiovascular events 
during follow-up were tested. Data from the cohorts 
were pooled for these analyses. The upper tertiles of 

plasma copeptin, and loge[copeptin], were significantly 
associated with the incidence of cardiovascular events 
in both model of Cox analyses, excluding or including 
markers of kidney function (Additional file  1: Table  S5 
and Fig. 2). Male sex, age, duration of diabetes, HbA1c, 
systolic blood pressure, arterial hypertension, macro- or 
microalbuminuria, higher KDIGO categories (decreased 
eGFR), and a previous history of myocardial infarc-
tion also remained positively associated, and BMI and 
HDL cholesterol inversely associated with the outcome 
(Fig. 3). We observed no interaction in the associations: 
p (interaction) = 0.40 for copeptin tertiles/KDIGO eGFR 
category; p (interaction) = 0.61 for copeptin tertiles/UAC 
category (normo, micro, or macroalbuminuria).

Discussion
In the present investigation in two independent cohorts 
of people with type 2 diabetes, baseline plasma copeptin 
was positively associated with the incidence of myocar-
dial infarction, coronary revascularization, congestive 
heart failure, and cardiovascular death during a 5-year 
follow-up. The stronger association was observed in a 
hospital-recruited cohort (SURDIAGENE), in which 
participants had a high cardiovascular risk at baseline 
(Table 1) and presented a higher incidence of outcomes 
during follow-up. The association was confirmed in a 
cohort drawn from the general practice (DIABHYCAR), 
in which participants, despite having micro- or mac-
roalbuminuria (but not renal failure) at baseline as per 

Fig. 2  Hazard ratio (HR) with 95% confidence interval, and p-values 
for tertiles of baseline plasma copeptin (T3 or T2 versus T1), in Cox 
regression analyses of the incidence of cardiovascular events during 
follow-up. Pooled data from DIABHYCAR to SURGENE cohorts. 
Model 1 (blue circles): adjusted for cohort, sex, age, BMI, duration of 
diabetes, systolic blood pressure, arterial hypertension, HbA1c, total 
cholesterol, HDL-cholesterol, triglycerides, active tobacco smoking, 
and previous history of myocardial infarction at baseline. Model 2 (red 
squares): model 1 plus adjustments for KDIGO eGFR categories and 
UAC categories (normo, micro or macroalbuminuria) at baseline

Fig. 3  Forest plot showing Hazard Ratio (HR) and 95% confidence interval for baseline covariates included in the Cox regression analysis for the 
incidence of cardiovascular events during follow-up (Model 2). Pooled data from DIABHYCAR and SURGENE cohorts. Quantitative covariates are 
expressed as qualitative dichotomous (below or above the median) variables except for UAC (normo-, micro- or macroalbuminuria) and copeptin 
(expressed as increasing sex and cohort specific tertiles, T1 to T3). MI: myocardial infarction. Estimated glomerular filtration rate (eGFR) calculated 
with the CKD-EPI equation. KDIGO categories (G1 to G5) defined by decreasing eGFR values (see methods). UAC: urinary albumin concentration. 
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001
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inclusion criteria, had a lesser incidence of outcomes 
during follow-up. Plasma copeptin was associated with 
markers of kidney function at baseline (eGFR, UAC), and 
with the decline of kidney function and the progression 
of CKD during follow-up in both cohorts, as previously 
reported in people with type 1 or type 2 diabetes [10, 13, 
36], as well as in the general population [7, 11, 33]. Kid-
ney function markers were also associated with the inci-
dence of cardiovascular events during follow-up in our 
study. However, we observed no interaction of baseline 
copeptin and kidney function markers in the associations 
with the cardiovascular outcome. The copeptin asso-
ciation with cardiovascular events was also independent 
from other relevant risk factors such as dyslipidemia, 
arterial hypertension, the severity and duration of diabe-
tes, and a previous history of myocardial infarction.

To our knowledge, this is the first investigation to eval-
uate the interaction of kidney function in the association 
of copeptin with cardiovascular morbidity and mortality 
in people with type 2 diabetes. In the population-based 
Malmö Diet and Cancer Study–Cardiovascular cohort, 
plasma copeptin was associated with a combined end 
point (similar to the one we used in our study) composed 
of coronary heart disease, heart failure, and death in peo-
ple with diabetes but not in non-diabetic individuals [18]. 
In the British Regional Heart Study, plasma copeptin was 
associated with increased risk of incident stroke and with 
cardiovascular mortality in elder men with diabetes, but 
not in those without diabetes [20]. No independent asso-
ciation was observed with coronary heart disease events 
in that study [20]. In contrast, copeptin was associated 
with increased risk of coronary heart disease and car-
diovascular mortality both in diabetic and non-diabetic 
individuals in a study of Swedish elders [19]. However, 
interaction with markers of kidney function was not 
assessed in these investigations. In the German Diabetes 
and Dialysis Study, high plasma copeptin was associated 
with increased risk for cardiovascular events (myocardial 
infarction, stroke, cardiovascular death) and for all-cause 
mortality in type 2 diabetic patients, but all participants 
had ESRD and were undergoing hemodialysis [37]. It is 
noteworthy that unlike what was observed in the Brit-
ish [20] and German [37] studies in selected groups of 
patients with type 2 diabetes, there was no association of 
copeptin with stroke in our cohorts. No association with 
stroke was reported in the Swedish studies neither [18, 
19]. High plasma copeptin was also associated with car-
diovascular and all-cause mortality in Chinese patients 
with ischemic stroke [38], and with coronary, infectious 
and all-cause mortality in patients with CKD (but not in 
subjects with normal renal function) from the German 
LURIC and 4D studies [39]. Finally, we have previously 
observed associations of high levels of plasma copeptin 

with increased risk for ESRD, ischemic heart disease, and 
cardiovascular and all-cause mortality in two cohorts of 
people with long-standing type 1 diabetes [13]. In that 
study, the risks for ischemic heart disease and cardiovas-
cular mortality were influenced by markers of nephropa-
thy, and the association of copeptin with these outcomes 
was dependent on UAC, eGFR and on arterial hyperten-
sion, mostly a consequence of kidney disease in people 
with type 1 diabetes.

A few recent short term pilot studies showed that 
increased water intake can significantly decrease plasma 
copeptin concentration in healthy individuals [40, 41], 
especially in those with high plasma copeptin at baseline 
[40], as well as in patients with stage 3 CKD [42]. Coach-
ing to increase water intake compared with coaching to 
maintain baseline water intake did not significantly slow 
the decline in kidney function after 1  year in a small 
randomized intervention study in patients with stage 
3 CKD of various etiologies [43]. However, patients in 
the increased hydration group presented only a modest 
increase in 24  h urine volume and a small decrease in 
plasma copeptin during follow-up, and the authors con-
cluded that the study may have been underpowered to 
detect a clinically important difference [43].

The pathophysiological mechanisms behind the asso-
ciation of copeptin with CVD are probably complex. 
Vasopressin binds to three different G-protein coupled 
receptors. V1aR is widely expressed, particularly in vas-
cular smooth muscle cells, hepatocytes, platelets, and 
the central nervous system. V1bR is expressed in the 
endocrine pancreas, in cells of the anterior pituitary and 
throughout the brain. V2R is predominantly expressed 
in the kidney collecting ducts and in endothelium. A 
large body of data supports a direct role for vasopressin, 
through the activation of V2 receptors, in the develop-
ment and progression of CKD, including DKD [6–16]. 
Impaired kidney function may aggravate other cardiovas-
cular risk factors such as hypertension, oxidative stress, 
insulin resistance, dyslipidemia, body fat distribution, 
inflammation, and arterial calcification [44–46]. Thus, 
the association of copeptin with CVD could be accounted 
for, at least in part, by the deleterious effects of vasopres-
sin on the kidney. However, vasopressin has many other 
physiological actions in multiple systems in addition to 
its well-defined V2R-mediated role in the control of fluid 
homeostasis and urine concentration [47]. Vasopressin 
induces platelet aggregation and has a vasoconstrictor 
effect on vascular smooth muscle cells via V1aR [48]. Vas-
opressin stimulates gluconeogenesis and glycogenolysis 
through the activation of hepatic V1aR [48–51], and the 
release either of glucagon or insulin, depending on con-
comitant extracellular glucose levels, through the activa-
tion of V1bR in pancreatic islets [52]. It also stimulates 
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the release of adrenocorticotropic hormone and cortisol 
through activation of pituitary V1bR [53, 54]. There is 
now strong experimental evidence that vasopressin plays 
a role in glucose homeostasis, and that high vasopressin 
levels are a risk factor for the metabolic syndrome and 
diabetes [55]. Acute infusion of vasopressin in rodents 
[56, 57] and in healthy people [58] induces a transient 
rise in hepatic glucose production and in blood glucose 
levels. Chronic intraperitoneal infusion of vasopressin in 
rodents induces an increase in gluconeogenesis and fast-
ing plasma glucose, and promotes hyperinsulinemia and 
glucose intolerance [51, 57]. These effects are blunted 
by the co-administration of a V1aR antagonist. Moreo-
ver, low circulating levels of vasopressin obtained by 
increasing daily water intake were associated with a dras-
tic reduction in liver steatosis in obese Zucker rats [51]. 
Plasma copeptin was shown to be positively associated 
with insulin resistance, the metabolic syndrome and with 
the incidence or the prevalence of type 2 diabetes in the 
general population [32, 33, 35, 59–62]. Taken together, 
the available data suggest that vasopressin has several 
potential dysmetabolic and pro-atherogenic effects that 
could explain the association of copeptin with CVD.

There are limitations of our study to acknowledge. 
We have measured copeptin as a surrogate of vasopres-
sin. However, plasma concentrations of vasopressin and 
copeptin correlate over a wide range of plasma and/or 
urine osmolalities [34], and the correlation seems rela-
tively stable for eGFR > 28 ml/min/1.73 m2 [63]. Only 78 
SURDIAGENE participants had baseline eGFR below 
this threshold, and their exclusion had only a mini-
mal impact on the results (data not shown). Half of the 
patients received ramipril during follow-up in the origi-
nal DIABHYCAR study [22], and this drug may influence 
blood pressure. However, we observed no interaction 
between copeptin and study treatment (ramipril vs pla-
cebo) in any of our DIABHYCAR results, and adjust-
ment for ramipril treatment had no impact on the results. 
Finally, because of the observational design, our study 
does not allow any direct demonstration of a causal rela-
tionship between vasopressin and CVD.

Conclusions
The present investigation confirmed in two independ-
ent cohorts the association between plasma copeptin 
and cardiovascular risk in people with type 2 diabetes. 
Moreover, it extends this observation by showing that the 
cardiovascular risk associated with high plasma copep-
tin cannot be accounted for solely by the association of 
copeptin with markers of kidney disease. Plasma copep-
tin could possibly help to target patients with high risk of 
DKD and CVD development and progression. Increased 
plasma osmolality is the main stimulus for vasopressin 

and copeptin secretion, which are thus strongly depend-
ent on the hydration status. It remains to be established if 
an effective reduction of vasopressin secretion or action, 
achieved by increased water intake or by treatment 
with vasopressin receptor antagonists (vaptans), could 
improve the cardiometabolic and kidney risks in people 
with type 2 diabetes.

Additional file

Additional file 1: Figure S1. Plasma copeptin by KDIGO eGFR catego‑
ries and by UAC categories at baseline. Table S1. Clinical characteristics 
at baseline by tertiles of plasma copeptin. Table S2. Risk of individual 
cardiovascular outcomes during follow-up by tertiles of plasma copeptin 
at baseline—DIABHYCAR and SURDIAGENE pooled data. Table S3. Rapid 
kidney function decline during follow-up by tertiles of plasma copeptin at 
baseline. Table S4. SURGENE cohort—Kidney outcome during the follow-
up by tertiles of plasma copeptin at baseline. Table S5. Cardiovascular 
events during follow-up by tertiles of plasma copeptin at baseline—DIAB‑
HYCAR and SURDIAGENE pooled data. Additional information. Centers 
and staff involved in SURDIAGENE recruitment and adjudication.

Abbreviations
ACE: angiotensin converting enzyme; ANCOVA: analysis of covariance; ANOVA: 
analysis of variance; BMI: body mass index; CHF: congestive heart failure; CI: 
confidence interval; CKD: chronic kidney disease; CV: coefficient of variation; 
CVD: cardiovascular disease; DKD: diabetic kidney disease; eGFR: estimated 
glomerular filtration rate; ESRD: end-stage renal disease; HR: hazard ratio; 
KDIGO: kidney disease improving global outcomes; OR: odds ratio; UAC​: 
urinary albumin concentration.

Authors’ contributions
GV and RR designed the study. SR, PJS, MF, MM and SH acquired data. GV, REB, 
KM, FF and LP analyzed and interpreted the data. GV wrote the manuscript. All 
authors reviewed/edited the manuscript. All authors read and approved the 
final manuscript.

Author details
1 INSERM, UMRS 1138, Centre de Recherche des Cordeliers, 15 rue de l’École 
de Médecine, Paris 75006, France. 2 INSERM, CIC 0802, Poitiers, France. 3 UFR 
de Médecine et Pharmacie, Université de Poitiers, Poitiers, France. 4 INSERM, 
Research Unit 1082, Poitiers, France. 5 Service d’Endocrinologie, Diabétologie, 
Nutrition, Hôpital Haut-Lévêque, Pessac, France. 6 Faculté de Médecine Paul 
Broca, Université de Bordeaux, Bordeaux, France. 7 Department of Diabetology, 
Endocrinology and Nutrition, Assistance Publique–Hôpitaux de Paris (AP-HP), 
Bichat Hospital, DHU FIRE, Paris, France. 8 Université Paris Diderot, Sorbonne 
Paris Cité, UFR de Médecine, Paris, France. 9 Department of Endocrinology 
and Diabetology, Centre Hospitalier Universitaire de Poitiers, Poitiers, France. 

Acknowledgements
Plasma copeptin measurement in DIABHYCAR was performed by Ther‑
mofisher Scientific (Hennigsdorf, Germany), in anonymized tubes, blinded 
to characteristics and outcomes of patients. Description of centers and 
personnel involved in SURDIAGENE recruitment and adjudication is shown in 
Additional file 1: Additional information.

Competing interests
RR has received a research grant and consultancy fee from Danone Research 
Centre for Specialized Nutrition. The authors declare no other competing 
interests in relation to this work.

Availability of data and materials
The datasets analyzed during the current study are not publicly available 
due to cohort funding reasons, but are available from the cohort principal 

https://doi.org/10.1186/s12933-018-0753-5


Page 9 of 10Velho et al. Cardiovasc Diabetol  (2018) 17:110 

investigators (Prof. Michel Marre for DIABHYCAR and Prof. Samy Hadjadj for 
SURDIAGENE) on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Participants from both cohorts gave written informed consent and study pro‑
tocols were approved by the ethics committee of Angers University Hospital, 
Angers, France (DIABHYCAR) and the CCP Ouest III ethics committee, Poitiers, 
France (SURDIAGENE).

Funding
The authors received no funding for the present investigation. The original 
DIABHYCAR trial and cohort recruitment was supported by grants from 
Sanofi-Aventis (Paris), the French Ministry of Health (PHRC – Angers 1996) 
and the “Association Française des Diabétiques” (AFD; Research Grant 2004). 
The SURDIAGENE study was supported by grants from the French Ministry of 
Health (PHRC-Poitiers 2004, PHRC Interregional 2008), Association Fran‑
çaise des Diabétiques (Research Grant 2003), Groupement pour l’Etude des 
Maladies Métaboliques et Systémiques (GEMMS Poitiers, France). Analysis and 
interpretation of data were done without the participation of these organiza‑
tions and companies.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 9 May 2018   Accepted: 26 July 2018

References
	1.	 Seshasai SR, Kaptoge S, Thompson A, Di Angelantonio E, Gao P, Sarwar 

N, Whincup PH, Mukamal KJ, Gillum RF, Holme I, Njolstad I, Fletcher A, 
Nilsson P, Lewington S, Collins R, Gudnason V, Thompson SG, Sattar N, 
Selvin E, Hu FB, Danesh J. Diabetes mellitus, fasting glucose, and risk of 
cause-specific death. N Engl J Med. 2011;364(9):829–41.

	2.	 Almdal T, Scharling H, Jensen JS, Vestergaard H. The independent effect 
of type 2 diabetes mellitus on ischemic heart disease, stroke, and death: 
a population-based study of 13,000 men and women with 20 years of 
follow-up. Arch Intern Med. 2004;164(13):1422–6.

	3.	 Soedamah-Muthu SS, Fuller JH, Mulnier HE, Raleigh VS, Lawrenson RA, 
Colhoun HM. All-cause mortality rates in patients with type 1 diabetes 
mellitus compared with a non-diabetic population from the UK general 
practice research database, 1992–1999. Diabetologia. 2006;49(4):660–6.

	4.	 Molitch ME, DeFronzo RA, Franz MJ, Keane WF, Mogensen CE, Parving HH, 
Steffes MW, American Diabetes Association. Nephropathy in diabetes. 
Diabetes Care. 2004;27(Suppl. 1):S79–83.

	5.	 Valmadrid CT, Klein R, Moss SE, Klein BE. The risk of cardiovascular 
disease mortality associated with microalbuminuria and gross pro‑
teinuria in persons with older-onset diabetes mellitus. Arch Intern Med. 
2000;160(8):1093–100.

	6.	 Meijer E, Bakker SJ, de Jong PE, van der Heide JJH, Son WJ, Struck J, Lems 
SP, Gansevoort RT. Copeptin, a surrogate marker of vasopressin, is associ‑
ated with accelerated renal function decline in renal transplant recipients. 
Transplantation. 2009;88(4):561–7.

	7.	 Meijer E, Bakker SJ, Halbesma N, de Jong PE, Struck J, Gansevoort RT. 
Copeptin, a surrogate marker of vasopressin, is associated with microal‑
buminuria in a large population cohort. Kidney Int. 2010;77(1):29–36.

	8.	 Torres VE, Chapman AB, Devuyst O, Gansevoort RT, Grantham JJ, 
Higashihara E, Perrone RD, Krasa HB, Ouyang J, Czerwiec FS, Tempo Trial 
Investigators. Tolvaptan in patients with autosomal dominant polycystic 
kidney disease. N Engl J Med. 2012;367(25):2407–18.

	9.	 Bankir L, Bouby N, Ritz E. Vasopressin: a novel target for the prevention 
and retardation of kidney disease? Nat Rev Nephrol. 2013;9(4):223–39.

	10.	 Velho G, Bouby N, Hadjadj S, Matallah N, Mohammedi K, Fumeron F, 
Potier L, Bellili-Munoz N, Taveau C, Alhenc-Gelas F, Bankir L, Marre M, 

Roussel R. Plasma copeptin and renal outcomes in patients with type 2 
diabetes and albuminuria. Diabetes Care. 2013;36:3639–45.

	11.	 Roussel R, Matallah N, Bouby N, El Boustany R, Potier L, Fumeron F, 
Mohammedi K, Balkau B, Marre M, Bankir L, Velho G. Plasma copeptin and 
decline in renal function in a cohort from the community: the prospec‑
tive D.E.S.I.R. study. Am J Nephrol. 2015;42(2):107–14.

	12.	 Tasevska I, Enhorning S, Christensson A, Persson M, Nilsson PM, Melander 
O. Increased levels of copeptin, a surrogate marker of arginine vasopres‑
sin, are associated with an increased risk of chronic kidney disease in a 
general population. Am J Nephrol. 2016;44(1):22–8.

	13.	 Velho G, El Boustany R, Lefevre G, Mohammedi K, Fumeron F, Potier L, 
Bankir L, Bouby N, Hadjadj S, Marre M, Roussel R. Plasma copeptin, kidney 
outcomes, ischemic heart disease, and all-cause mortality in people with 
long-standing type 1 diabetes. Diabetes Care. 2016;39(12):2288–95.

	14.	 Clark WF, Devuyst O, Roussel R. The vasopressin system: new insights for 
patients with kidney diseases: epidemiological evidence and therapeutic 
perspectives. J Intern Med. 2017;282(4):310–21.

	15.	 El Boustany R, Taveau C, Chollet C, Velho G, Bankir L, Alhenc-Gelas F, 
Roussel R, Bouby N. Antagonism of vasopressin V2 receptor improves 
albuminuria at the early stage of diabetic nephropathy in a mouse model 
of type 2 diabetes. J Diabetes Complications. 2017;31:929–32.

	16.	 Roussel R, Velho G, Bankir L. Vasopressin and diabetic nephropathy. Curr 
Opin Nephrol Hypertens. 2017;26(4):311–8.

	17.	 El Boustany R, Tasevska I, Meijer E, Kieneker LM, Enhörning S, Lefèvre G, 
Mohammedi K, Marre M, Fumeron F, Balkau B, Bouby N, Bankir L, Bakker 
SJL, Roussel R, Melander O, Gansevoort RT, Velho G. Plasma copeptin 
and chronic kidney disease risk in 3 European cohorts from the general 
population. JCI Insight. 2018;3(13):e121479.

	18.	 Enhorning S, Hedblad B, Nilsson PM, Engstrom G, Melander O. Copeptin 
is an independent predictor of diabetic heart disease and death. Am 
Heart J. 2015;169(4):549–56.

	19.	 Tasevska I, Enhorning S, Persson M, Nilsson PM, Melander O. Copeptin 
predicts coronary artery disease cardiovascular and total mortality. Heart. 
2016;102(2):127–32.

	20.	 Wannamethee SG, Welsh P, Lennon L, Papacosta O, Whincup PH, Sattar N. 
Copeptin and the risk of incident stroke, CHD and cardiovascular mortal‑
ity in older men with and without diabetes: The British Regional Heart 
Study. Diabetologia. 2016;59(9):1904–12.

	21.	 Lievre M, Marre M, Chatellier G, Plouin P, Reglier J, Richardson L, Bugnard 
F, Vasmant D. The non-insulin-dependent diabetes, hypertension, micro‑
albuminuria or proteinuria, cardiovascular events, and ramipril (DIABHY‑
CAR) study: design, organization, and patient recruitment. Control Clin 
Trials. 2000;21(4):383–96.

	22.	 Marre M, Lievre M, Chatellier G, Mann JF, Passa P, Menard J. Effects of low 
dose ramipril on cardiovascular and renal outcomes in patients with 
type 2 diabetes and raised excretion of urinary albumin: randomised, 
double blind, placebo controlled trial (the DIABHYCAR study). BMJ. 
2004;328(7438):495.

	23.	 Hadjadj S, Fumeron F, Roussel R, Saulnier PJ, Gallois Y, Ankotche A, Travert 
F, Abi Khalil C, Miot A, Alhenc-Gelas F, Lievre M, Marre M. Prognostic 
value of the insertion/deletion polymorphism of the ACE gene in type 
2 diabetic subjects: results from the Non-insulin-dependent Diabetes, 
Hypertension, Microalbuminuria or Proteinuria, Cardiovascular Events, 
and Ramipril (DIABHYCAR), Diabete de type 2, Nephropathie et Genet‑
ique (DIAB2NEPHROGENE), and Survie, Diabete de type 2 et Genetique 
(SURDIAGENE) studies. Diabetes Care. 2008;31(9):1847–52.

	24.	 Miot A, Ragot S, Hammi W, Saulnier PJ, Sosner P, Piguel X, Torremocha F, 
Marechaud R, Hadjadj S. Prognostic value of resting heart rate on cardio‑
vascular and renal outcomes in type 2 diabetic patients: a competing risk 
analysis in a prospective cohort. Diabetes Care. 2012;35(10):2069–75.

	25.	 Saulnier PJ, Gand E, Ragot S, Ducrocq G, Halimi JM, Hulin-Delmotte C, 
Llaty P, Montaigne D, Rigalleau V, Roussel R, Velho G, Sosner P, Zaoui 
P, Hadjadj S, Group SS. Association of serum concentration of TNFR1 
with all-cause mortality in patients with type 2 diabetes and chronic 
kidney disease: follow-up of the SURDIAGENE Cohort. Diabetes Care. 
2014;37(5):1425–31.

	26.	 McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M, Dickstein 
K, Falk V, Filippatos G, Fonseca C, Gomez-Sanchez MA, Jaarsma T, Kober L, 
Lip GY, Maggioni AP, Parkhomenko A, Pieske BM, Popescu BA, Ronnevik 
PK, Rutten FH, Schwitter J, Seferovic P, Stepinska J, Trindade PT, Voors AA, 
Zannad F, Zeiher A. Guidelines ESCCfP. ESC Guidelines for the diagnosis 



Page 10 of 10Velho et al. Cardiovasc Diabetol  (2018) 17:110 

and treatment of acute and chronic heart failure 2012: The Task Force 
for the Diagnosis and Treatment of Acute and Chronic Heart Failure 
2012 of the European Society of Cardiology. Developed in collabora‑
tion with the Heart Failure Association (HFA) of the ESC. Eur Heart J. 
2012;33(14):1787–847.

	27.	 Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, Feldman HI, 
Kusek JW, Eggers P, Van Lente F, Greene T, Coresh J. CKD-EPI group. A 
new equation to estimate glomerular filtration rate. Ann Intern Med. 
2009;150(9):604–12.

	28.	 Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. 
KDIGO 2012 clinical practice guideline for the evaluation and manage‑
ment of chronic kidney disease. Kidney Int Suppl. 2013;3(1):1–150.

	29.	 Morgenthaler NG, Struck J, Alonso C, Bergmann A. Assay for the meas‑
urement of copeptin, a stable peptide derived from the precursor of 
vasopressin. Clin Chem. 2006;52(1):112–9.

	30.	 Fenske W, Stork S, Blechschmidt A, Maier SG, Morgenthaler NG, Allolio B. 
Copeptin in the differential diagnosis of hyponatremia. J Clin Endocrinol 
Metab. 2009;94(1):123–9.

	31.	 Bhandari SS, Loke I, Davies JE, Squire IB, Struck J, Ng LL. Gender and renal 
function influence plasma levels of copeptin in healthy individuals. Clin 
Sci (Lond). 2009;116(3):257–63.

	32.	 Abbasi A, Corpeleijn E, Meijer E, Postmus D, Gansevoort RT, Gans RO, 
Struck J, Hillege HL, Stolk RP, Navis G, Bakker SJ. Sex differences in the 
association between plasma copeptin and incident type 2 diabetes: the 
Prevention of Renal and Vascular Endstage Disease (PREVEND) study. 
Diabetologia. 2012;55(7):1963–70.

	33.	 Enhorning S, Bankir L, Bouby N, Struck J, Hedblad B, Persson M, Mor‑
genthaler NG, Nilsson PM, Melander O. Copeptin, a marker of vasopressin, 
in abdominal obesity, diabetes and microalbuminuria: the prospective 
Malmo Diet and Cancer Study cardiovascular cohort. Int J Obes. 2012. 
https​://doi.org/10.1038/ijo.2012.1088.

	34.	 Roussel R, Fezeu L, Marre M, Velho G, Fumeron F, Jungers P, Lantieri 
O, Balkau B, Bouby N, Bankir L, Bichet DG, the D.E.S.I.R. Study Group. 
Comparison between copeptin and vasopressin in a population from the 
community and in people with chronic kidney disease. J Clin Endocrinol 
Metab. 2014;99:4656–63.

	35.	 Roussel R, El Boustany R, Bouby N, Potier L, Fumeron F, Mohammedi K, 
Balkau B, Tichet J, Bankir L, Marre M, Velho G. Plasma copeptin, AVP gene 
variants, and incidence of type 2 diabetes in a cohort from the commu‑
nity. J Clin Endocrinol Metab. 2016;101:2432–9.

	36.	 Boertien WE, Riphagen IJ, Drion I, Alkhalaf A, Bakker SJ, Groenier KH, 
Struck J, de Jong PE, Bilo HJ, Kleefstra N, Gansevoort RT. Copeptin, a 
surrogate marker for arginine vasopressin, is associated with declining 
glomerular filtration in patients with diabetes mellitus (ZODIAC-33). 
Diabetologia. 2013;56(8):1680–8.

	37.	 Fenske W, Wanner C, Allolio B, Drechsler C, Blouin K, Lilienthal J, Krane 
V. Copeptin levels associate with cardiovascular events in patients with 
ESRD and type 2 diabetes mellitus. J Am Soc Nephrol. 2011;22(4):782–90.

	38.	 Tu WJ, Ma GZ, Ni Y, Hu XS, Luo DZ, Zeng XW, Liu Q, Xu T, Yu L, Wu B. 
Copeptin and NT-proBNP for prediction of all-cause and cardiovascular 
death in ischemic stroke. Neurology. 2017;88(20):1899–905.

	39.	 Krane V, Genser B, Kleber ME, Drechsler C, Marz W, Delgado G, Allolio B, 
Wanner C, Fenske W. Copeptin associates with cause-specific mortality in 
patients with impaired renal function: results from the LURIC and the 4D 
study. Clin Chem. 2017;63(5):997–1007.

	40.	 Enhorning S, Tasevska I, Roussel R, Bouby N, Persson M, Burri P, Bankir 
L, Melander O. Effects of hydration on plasma copeptin, glycemia and 
gluco-regulatory hormones: a water intervention in humans. Eur J Nutr. 
2017. https​://doi.org/10.1007/s0039​4-017-1595-8.

	41.	 Lemetais G, Melander O, Vecchio M, Bottin JH, Enhorning S, Perrier ET. 
Effect of increased water intake on plasma copeptin in healthy adults. Eur 
J Nutr. 2017. https​://doi.org/10.1007/s0039​4-017-1471-6.

	42.	 Sontrop JM, Huang SH, Garg AX, Moist L, House AA, Gallo K, Clark WF. 
Effect of increased water intake on plasma copeptin in patients with 
chronic kidney disease: results from a pilot randomised controlled trial. 
BMJ Open. 2015;5(11):e008634.

	43.	 Clark WF, Sontrop JM, Huang S-H, Gallo K, Moist L, House AA, Cuerden MS, 
Weir MA, Bagga A, Brimble S, Burke A, Muirhead N, Pandeya S, Garg AX. 
Effect of coaching to increase water intake on kidney function decline in 
adults with chronic kidney disease. The CKD WIT randomized clinical trial. 
JAMA. 2018;319(18):1870–9.

	44.	 Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink HJ, 
Mann JF, Matsushita K, Wen CP. Chronic kidney disease and cardio‑
vascular risk: epidemiology, mechanisms, and prevention. Lancet. 
2013;382(9889):339–52.

	45.	 Peng Y, Wang H, Chen F, Huang FY, Xia TL, Liao YB, Chai H, Wang PJ, Zuo 
ZL, Liu W, Zhang C, Li YJ, Gui YY, Chen M, Huang DJ. The influence of body 
composition on renal function in patients with coronary artery disease 
and its prognostic significance: a retrospective cohort study. Cardiovasc 
Diabetol. 2016;15(1):106.

	46.	 Kakuta K, Dohi K, Miyoshi M, Yamanaka T, Kawamura M, Masuda J, Kurita 
T, Ogura T, Yamada N, Sumida Y, Ito M. Impact of renal function on the 
underlying pathophysiology of coronary plaque composition in patients 
with type 2 diabetes mellitus. Cardiovasc Diabetol. 2017;16(1):131.

	47.	 Mavani GP, DeVita MV, Michelis MF. A review of the nonpressor and non‑
antidiuretic actions of the hormone vasopressin. Front Med. 2015;2:19.

	48.	 Koshimizu TA, Nakamura K, Egashira N, Hiroyama M, Nonoguchi H, 
Tanoue A. Vasopressin V1a and V1b receptors: from molecules to physi‑
ological systems. Physiol Rev. 2012;92(4):1813–64.

	49.	 Hems DA, Rodrigues LM, Whitton PD. Rapid stimulation by vasopres‑
sin, oxytocin and angiotensin II of glycogen degradation in hepatocyte 
suspensions. Biochem J. 1978;172(2):311–7.

	50.	 Whitton PD, Rodrigues LM, Hems DA. Stimulation by vasopressin, 
angiotensin and oxytocin of gluconeogenesis in hepatocyte suspensions. 
Biochem J. 1978;176(3):893–8.

	51.	 Taveau C, Chollet C, Waeckel L, Desposito D, Bichet DG, Arthus MF, 
Magnan C, Philippe E, Paradis V, Foufelle F, Hainault I, Enhorning S, Velho 
G, Roussel R, Bankir L, Melander O, Bouby N. Vasopressin and hydration 
play a major role in the development of glucose intolerance and hepatic 
steatosis in obese rats. Diabetologia. 2015;58(5):1081–90.

	52.	 Abu-Basha EA, Yibchok-Anun S, Hsu WH. Glucose dependency of arginine 
vasopressin-induced insulin and glucagon release from the perfused rat 
pancreas. Metabolism. 2002;51(9):1184–90.

	53.	 Gillies GE, Linton EA, Lowry PJ. Corticotropin releasing activity of 
the new CRF is potentiated several times by vasopressin. Nature. 
1982;299(5881):355–7.

	54.	 Holmes CL, Landry DW, Granton JT. Science review: vasopressin and 
the cardiovascular system part 1–receptor physiology. Crit Care. 
2003;7(6):427–34.

	55.	 Nakamura K, Velho G, Bouby N. Vasopressin and metabolic disorders: 
translation from experimental models to clinical use. J Intern Med. 
2017;282(4):298–309.

	56.	 Hems DA, Whitton PD, Ma GY. Metabolic actions of vasopressin, glucagon 
and adrenalin in the intact rat. Biochim Biophys Acta. 1975;411(1):155–64.

	57.	 Taveau C, Chollet C, Bichet DG, Velho G, Guillon G, Corbani M, Roussel R, 
Bankir L, Melander O, Bouby N. Acute and chronic hyperglycemic effects 
of vasopressin in normal rats: involvement of V1A receptors. Am J Physiol 
Endocrinol Metab. 2017;312(3):E127–35.

	58.	 Spruce BA, McCulloch AJ, Burd J, Orskov H, Heaton A, Baylis PH, Alberti 
KG. The effect of vasopressin infusion on glucose metabolism in man. 
Clin Endocrinol. 1985;22:463–8.

	59.	 Saleem U, Khaleghi M, Morgenthaler NG, Bergmann A, Struck J, Mosley 
TH Jr, Kullo IJ. Plasma carboxy-terminal provasopressin (copeptin): a novel 
marker of insulin resistance and metabolic syndrome. J Clin Endocrinol 
Metab. 2009;94(7):2558–64.

	60.	 Enhorning S, Wang TJ, Nilsson PM, Almgren P, Hedblad B, Berglund G, 
Struck J, Morgenthaler NG, Bergmann A, Lindholm E, Groop L, Lyssenko 
V, Orho-Melander M, Newton-Cheh C, Melander O. Plasma copeptin and 
the risk of diabetes mellitus. Circulation. 2010;121:2102–8.

	61.	 Then C, Kowall B, Lechner A, Meisinger C, Heier M, Koenig W, Peters A, 
Rathmann W, Seissler J. Plasma copeptin is associated with type 2 diabe‑
tes in men but not in women in the population-based KORA F4 study. 
Acta Diabetol. 2015;52(1):103–12.

	62.	 Wannamethee SG, Welsh P, Papacosta O, Lennon L, Whincup PH, Sattar N. 
Copeptin, insulin resistance, and risk of incident diabetes in older men. J 
Clin Endocrinol Metab. 2015;100(9):3332–9.

	63.	 Ettema EM, Heida J, Casteleijn NF, Boesten L, Westerhuis R, Gaillard C, 
Gansevoort RT, Franssen CFM, Zittema D. The effect of renal function 
and hemodialysis treatment on plasma vasopressin and copeptin levels. 
Kidney Int Rep. 2017;2(3):410–9.

https://doi.org/10.1038/ijo.2012.1088
https://doi.org/10.1007/s00394-017-1595-8
https://doi.org/10.1007/s00394-017-1471-6

	Plasma copeptin, kidney disease, and risk for cardiovascular morbidity and mortality in two cohorts of type 2 diabetes
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Definition of clinical parameters and outcomes
	Laboratory procedures
	Computations and statistical analyses

	Results
	Copeptin and cardiovascular events during follow-up
	Sensitivity analyses: copeptin and risk of individual cardiovascular outcomes during follow-up
	Copeptin and kidney function at baseline and during follow-up
	Interactions of copeptin and markers of kidney function on cardiovascular risk

	Discussion
	Conclusions
	Authors’ contributions
	References




