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OBJECTIVEdPlasma copeptin, a surrogate for vasopressin, was associated with albuminuria
in population-based studies. These associations are consistent with the effect of vasopressin on
albuminuria observed in humans and rodents. The objective of this study was to determine
whether plasma copeptin is an independent marker of risk of renal events in people with type 2
diabetes and albuminuria.

RESEARCH DESIGN AND METHODSdWe studied 3,101 participants of the
DIABHYCAR trial (6-year follow-up) with type 2 diabetes and albuminuria. A renal event was
defined as doubling of serum creatinine or development of end-stage renal disease.

RESULTSdDuring follow-up, 86 renal events occurred in 76 subjects (2.45%). Incidences by
tertiles of baseline plasma copeptin were 1.06% (T1), 1.45% (T2), and 4.84% (T3). They were
2.43% (T1), 5.11% (T2), and 11.81% (T3) for the subset of subjects with macroalbuminuria at
baseline (n = 729). Hazard ratio for plasma copeptin tertiles as a risk for renal events was 4.79
(95% CI, 2.48–9.24; P , 0.0001; for T3 vs. T1). In a stepwise regression analysis, urinary
albumin excretion and plasma copeptin remained positively associated and HDL cholesterol
and estimated glomerular filtration rate were inversely associated with the incidence of renal
events. These independent predictors explained ;18% of the variance of the outcome. The yearly
variations of estimated glomerular filtration rate by copeptin tertiles were 21.43 6 0.51 (T1),
22.296 0.49 (T2), and23.526 0.44 mL/min/1.73 m2 per year (T3) (P = 0.005) in subjects with
macroalbuminuria.

CONCLUSIONSdPlasma copeptin may help to identify subjects with diabetic chronic kid-
ney disease who are at high risk for renal function decline.
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Type 2 diabetes is a major cause of
kidney and cardiovascular diseases,
and screening for albuminuria and

proteinuria is recommended for stratifica-
tion of risk of these comorbidities (1). Care
of patients with diabetes and albuminuria

improved markedly in the past decades.
However, as shown in recent randomized
trials, even with optimal treatment up to
20% of patients with diabetes and pro-
teinuria develop end-stage renal disease
(ESRD) within a 3-year follow-up (2,3).

There is still an important unmet thera-
peutic need and many innovative thera-
peutic options have been or are being
evaluated. Some of these new strategies
were disappointing because of severe
side effects (4). Because not all patients
with type 2 diabetes and proteinuria
will progress to ESRD, the identification
of those at higher risk would improve the
benefit-to-risk ratio of intensification of
treatment.

Copeptin, the stable COOH-terminal
portion of the precursor of vasopressin,
is an easily measurable surrogate marker
of vasopressin. Studies in healthy subjects
have shown plasma copeptin and vaso-
pressin concentrations to correlate strongly
over a wide range of osmolalities (5,6). We
hypothesized that vasopressin might
contribute to the progression of kidney
damage and, thus, that plasma copeptin
could be a good candidate for the iden-
tification of subjects at high risk for pro-
gression of nephropathy. Vasopressin is
elevated in diabetes (7), and copeptin was
associated with albuminuria in a recent,
cross-sectional, population-based study
(8). Moreover, infusion of DDAVP (a selec-
tive vasopressin V2 receptor agonist) was
shown to increase urinary albumin ex-
cretion (UAE) in healthy subjects and in
normal rats (9), and treatment with a se-
lective vasopressin V2-receptor antagonist
prevented the increase in albuminuria
in rats with streptozotocin-induced dia-
betes (10).

The aim of the present investigation
was to evaluate whether vasopressin could
represent a risk factor for the decline of
kidney function in patients with diabetic
nephropathy. We examined the association
of plasma copeptinwith the risk of doubling
plasma creatinine concentration and the risk
of ESRD in subjects with type 2 diabetes and
microalbuminuria or macroalbuminuria
from the prospective DIABHYCAR study
(11,12).

RESEARCH DESIGN AND
METHODS

Participants
We studied 3,101 unrelated French type
2 diabetic patients from the DIABHYCAR

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

From 1INSERM, Research Unit 695, Paris, France; 2INSERM, Research Unit 872, Paris, France; the 3Centre
Hospitalier Universitaire de Poitiers, Department of Endocrinology and Diabetology, Poitiers, France;
4INSERM, Research Unit 1082, Poitiers, France; 5INSERM, CIC 0802, Poitiers, France; the 6Université de
Poitiers, l’Unité de Formation et de Recherches de Médecine et Pharmacie, Poitiers, France; 7Assistance
Publique Hôpitaux de Paris, Bichat Hospital, Department of Diabetology, Endocrinology and Nutrition,
Paris, France; and the 8Université Paris Diderot, Sorbonne Paris Cité, l’Unité de Formation et de Recherches
de Médecine, Paris, France.

Corresponding author: Gilberto Velho, gilberto.velho@inserm.fr.
Received 21 March 2013 and accepted 7 May 2013.
DOI: 10.2337/dc13-0683
This article contains Supplementary Data online at http://care.diabetesjournals.org/lookup/suppl/doi:10

.2337/dc13-0683/-/DC1.
© 2013 by the American Diabetes Association. Readers may use this article as long as the work is properly

cited, the use is educational and not for profit, and thework is not altered. See http://creativecommons.org/
licenses/by-nc-nd/3.0/ for details.

care.diabetesjournals.org DIABETES CARE, VOLUME 36, NOVEMBER 2013 3639

P a t h o p h y s i o l o g y / C o m p l i c a t i o n s
O R I G I N A L A R T I C L E

mailto:gilberto.velho@inserm.fr
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-0683/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-0683/-/DC1
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/


cohort. DIABHYCAR was a 6-year clinical
trial conducted in men and women with
type 2 diabetes selected on the basis of
persistent microalbuminuria (UAE, 20–
200 mg/L) or macroalbuminuria (UAE
.200mg/L) without renal failure (plasma
creatinine,150 mmol/L) at baseline. The
trial tested whether a low dose of ramipril,
an ACE inhibitor able to reduce UAE, also
would reduce cardiovascular and/or renal
events such as myocardial infarction,
stroke, acute heart failure, ESRD, and car-
diovascular death. For the purpose of the
original DIABHYCAR trial, a renal event
was defined as the doubling of serum cre-
atinine levels or the requirement of hemo-
dialysis or renal transplantation (ESRD)
during follow-up. An independent com-
mittee reviewed all case records to vali-
date selection criteria, to grade the renal
involvement of each patient, and to adju-
dicate the clinical events during follow-up
(11). Results were negative regarding the
drug effect and were published previously
(11,12). Participants gavewritten informed
consent and study protocols were ap-
proved by the Ethics Committee of
Angers University Hospital.

Procedures
Copeptin concentration was measured in
fasting plasma-EDTA samples, collected
at baseline, and kept frozen at2808C. An
automated immunofluorescent sandwich
immunoassay was used (BRAHMS Co-
peptin US KRYPTORCT-proAVP; Thermo-
fisher Scientific, Hennigsdorf, Germany)
(13). Urinary albumin was measured by
nephelometry (14). Estimated glomerular
filtration rate (eGFR) was calculated ac-
cording to the Modification of Diet in
Renal Disease formula (15). Variation of
eGFR during the study was computed as
the difference between values at the end
of follow-up and at baseline divided by
the duration of follow-up.

Statistical analysis
Results are expressed as mean 6 SD un-
less otherwise stated. Tertiles of plasma
copeptin concentration were computed
separately for women and men to take
into account sex-related differences in
copeptin levels. Differences between
groups were assessed by Pearson x2 test,
Wilcoxon/Kruskal-Wallis test, ANOVA,
andANCOVA.WhenANOVAorANCOVA
were significant, comparisons between
pairs were made using the Tukey-Kramer
honestly significant difference test. Kaplan-
Meier curves were used to plot sur-
vival (renal event-free) rates over time

by sex-specific tertiles of plasma copeptin.
Cox proportional hazards survival regres-
sion analyses were used to examine the
effect of explanatory variables on time-
related survival (renal event-free) rates in
prospective analyses. Hazard ratios with
their 95% CIs were computed in these
analyses. Competing risk regression
analysis (Fine and Gray model) was per-
formed to estimate subhazard ratios of
risk factors assuming death as a compet-
ing risk (16). Adjustments for clinical and
biological parameters were performed by
including these parameters as covariates
in the regression models. Interaction be-
tween plasma copeptin tertiles and sex or
study treatment (randomization group in
the original DIABHYCAR study: ramipril
vs. placebo) on the risk of renal events or
in the comparison of eGFR decline were
assessed by including in the regression
model (Cox or ANCOVA) a “crossed”
compound covariate (copeptin tertiles/
sex or copeptin tertiles/study treatment).
C-statistics were used to compare areas
of receiver operating characteristic
(ROC) curves. Data were log-transformed
for the analyses when the normality of
the distribution was rejected by the
Kolmogorov-Smirnov-Lilliefors goodness-
of-fit test. Statistics were performed
with JMP (SAS Institute, Cary, NC)
and Stata (StataCorp, College Station,
TX) software. P , 0.05 was considered
significant.

RESULTS

Clinical characteristics at baseline
Characteristics of participants at base-
line by plasma copeptin tertiles and by
sex are shown in Table 1. For both men
and women, subjects in the highest
tertile were older, had higher HbA1c lev-
els, had lower eGFR, and more often had
arterial hypertension and proteinuria. Re-
nal events during follow-up comprised 67
cases of doubling of serum creatinine and
19 cases of ESRD in 76 subjects (2.45%).
Individuals who presented a renal event,
as compared with those who did not, at
baseline had a longer duration of diabe-
tes, and higher copeptin, HbA1c, and tri-
glyceride levels, and had lower HDL
cholesterol levels. They had lower
eGFR, higher UAE, more often had arte-
rial hypertension and proteinuria, and
more often were treated by diuretics.
A history of myocardial infarction was
more frequent in individuals who
presented a renal event (Supplementary
Table 1).

Plasma copeptin and renal events
during follow-up
The incidences of renal events during
follow-up by sex-specific tertiles of plasma
copeptin were 1.06% (T1), 1.45% (T2),
and 4.84% (T3) for the whole population
(n = 3,101). They were 2.43% (T1), 5.11%
(T2), and 11.81% (T3) for the subset of
subjects with macroalbuminuria at base-
line (n = 729). Cox proportional hazards
survival regression analyses showed a
positive association of the highest tertile
of plasma copeptin with the incidence
of renal events in the whole population,
as well as in the subset of subjects with
macroalbuminuria at baseline (Fig. 1
and Table 2, model 1). This association
remained significant when adjusted for
baseline UAE and eGFR (Table 2, model
2). The highest tertile of plasma copeptin
was associated with the incidence of both
outcomes comprising the renal events
(doubling of plasma creatinine and ESRD)
in subset analyses stratified by outcomes
(Supplementary Table 2). Despite the
smaller number of renal events in the sub-
set of subjects with microalbuminuria at
baseline (25 events in 2,372 subjects), the
highest tertile of plasma copeptin also was
associated with the outcome (data not
shown). Plasma copeptin levels were, on
average, 15% higher in subjects treated
with diuretics as compared with those
who were not (mean 6 SEM, 7.55 6 0.3
vs. 6.58 6 0.02 pmol/L; P , 0.0001, ad-
justed for age and sex). However, associa-
tions of copeptin tertiles with renal events
were similar in subjects treated or not
treated by diuretics, and no interaction
copeptin/use of diuretics was observed
(data not shown).

A stepwise multiple regression analy-
sis was performed to evaluate the inde-
pendence of the association of plasma
copeptin levels with renal events from
other potentially confounding covariates
(Table 3). The renal event status during
follow-up (yes or no) was entered in the
model as the dependent variable. Sex, age,
duration of diabetes, arterial hyperten-
sion status (yes or no), use of diuretics
(yes or no), HbA1c, triglycerides, HDL
cholesterol, eGFR, UAE, and copeptin
(tertiles) at baseline were entered as in-
dependent covariates. UAE and copeptin
remained positively associated and HDL
cholesterol and eGFR were inversely as-
sociated with the incidence of renal
events. These independent predictors ex-
plained ;18% of the variance of the out-
come. Another potential confounder,
smoking behavior, was not associated
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with plasma copeptin levels and had no
impact on the association of copeptin
with renal events (data not shown). In
an additional analysis, the inclusion in
the regression model of blood glucose
levels and blood pressure at baseline and
changes in blood glucose levels and blood
pressure during follow-up had no impact
on the results. We constructed ROC
curves with UAE, plasma copeptin levels,
or both as markers of renal events (data
not shown). ROC areas were similar for
UAE and plasma copeptin (0.78 vs. 0.73;
C-statistics P = 0.16) adjusted for age, sex,
and study treatment. We observed an
added effect for the combined markers
(UAE plus copeptin ROC area, 0.82) as
compared with the UAE effect (P = 0.03).

Renal events and death as
competing risks
Death occurred in 454 subjects (14.65%)
during follow-up, including 19 subjects
who had presented a renal event. The
association between tertiles of plasma
copeptin and the incidence of renal events
evaluated with the Cox model might be
biased if many patients died of other
causes related to or associated with co-
peptin levels before achieving the renal
end point (17). Consequently, we per-
formed competing risk regression analy-
ses to estimate subhazard ratios of plasma
copeptin tertiles as a risk for renal events
assuming death as a competing risk. Sub-
hazard ratios and hazard ratios from the
Cox model were similar, indicating that
death was not a competing risk in the
association of plasma copeptin levels
with renal events (Table 2, model 3).
Moreover, we observed no independent
association of plasma copeptin levels
with mortality during follow-up in our
cohort (Supplementary Table 3).

Plasma copeptin and eGFR
The yearly variations of eGFR during
follow-up by tertiles of plasma copeptin
were 20.65 6 0.24 (T1), 20.77 6 0.24
(T2), and21.916 0.24 mL/min/1.73 m2

per year (T3) (mean 6 SEM, ANCOVA
P = 0.0001, adjusted for sex, age, and
study treatment in the original DIABHYCAR
trial) for the whole population. They were
21.43 6 0.51 (T1), 22.29 6 0.49 (T2),
and 23.52 6 0.44 mL/min/1.73 m2

per year (T3) (P = 0.005) for the subset
of subjects with macroalbuminuria at
baseline (Supplementary Fig. 1). These
differences remained significant after ad-
ditional adjustment for the duration of
diabetes, HbA1c, triglycerides, HDL
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cholesterol, UAE, arterial hypertension
status (yes or no), and use of diuretics
(yes or no) at baseline (P = 0.003 for the
whole population and P = 0.03 for the
subjects with microalbuminuria). In all
comparisons, either of the risk of renal
events or of the variation of eGFR during
follow-up, we observed no interaction
between copeptin tertiles and sex or be-
tween copeptin tertiles and study treat-
ment (ramipril vs. placebo) in the original
DIABHYCAR study (data not shown).

CONCLUSIONSdIn this study, we
demonstrated that high plasma copeptin

concentration was strongly associated
with the risk of severe renal outcomes
(doubling of plasma creatinine concen-
tration and/or ESRD) in patients with type
2 diabetes and albuminuria. This associ-
ation was independent of relevant cova-
riates such as age, duration of diabetes,
blood pressure, and baseline levels of
HbA1c, UAE, and eGFR. Plasma copeptin
and UAE similarly predicted the inci-
dence of renal outcomes, and a 4% added
effect was observed for the combined
markers.

To our knowledge, this is the first clin-
ical study that investigates the association

between vasopressin or copeptin concen-
tration and accelerated renal function
decline in type 2 diabetic patients
during a long-term follow-up. Our study
confirms and extends previous results on
copeptin concentration and kidney disea-
ses. Plasma copeptin has been shown to be
positively associated with the prevalence of
microalbuminuria in cross-sectional ob-
servational and long-term follow-up stud-
ies in the general population (8,18). In
autosomal-dominant polycystic kidney
disease, copeptin is associated with vari-
ous markers of disease severity including
albuminuria and GFR (19–21). In renal
transplant recipients, higher copeptin
level at baseline was associated with a
more rapid decline in effective GFR dur-
ing 3- to 4-year follow-up (22). More-
over, studies in Australian and Canadian
community-based cohorts of the general
population showed, respectively, an in-
verse linear relationship between fluid in-
take and prevalence of chronic kidney
disease (CKD) (23) and a faster decline
of eGFR over time in people with lower
24-h urine volume (24). The results of
those population studies are in agree-
ment with an adverse effect of vasopres-
sin on kidney function.

As in any epidemiological study, the
association we observed may be con-
founded by other factors. Among them,
age and sex have been shown to influence
urinary concentrating activity and vaso-
pressin levels (25). We observed a positive
association of age with plasma copeptin
levels in men and women. We also found
copeptin levels to be higher inmen than in
women as previously observed (8,18,26).
However, we observed no interaction be-
tween copeptin levels and sex on the risk
of renal events. Moreover, when adjusted
for confounding covariates, neither age
nor sex was associated with renal events.
In a recent study of 1,241 hemodialysis
patients with type 2 diabetes in Germany,
high levels of copeptin were found to be
associated with increased risk for all-cause
mortality (17). In our study, death was
not a competing risk in the association of
copeptin levels with renal events and we
observed no association of plasma co-
peptin levels with mortality. However, it
is noteworthy that all subjects in the Ger-
man cohort had ESRD and were more se-
verely ill than our patients. It is possible to
speculate that the association between co-
peptin and renal events could be explained,
at least in part, by vasopressin-mediated
changes in blood pressure. Vasopressin may
contribute tohypertension throughactivation

Figure 1dKaplan-Meier survival (renal event-free) curves during follow-up by tertiles of plasma
copeptin. Renal events were defined as the doubling of the serum creatinine levels or ESRD during
follow-up. A: Subjects with microalbuminuria or macroalbuminuria at baseline (n = 3,101).
B: Subjects with macroalbuminuria at baseline (n = 729).
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of V1a receptors on the vascular smooth
muscle or by V2-receptor–dependent tu-
bular effects on sodium reabsorption (27).
However, the association between copep-
tin and renal outcomes was independent
of blood pressure as previously noted for
the association of copeptin and UAE (8).

Experimental evidence strongly sup-
ports a causal role of vasopressin in
aggravation of diabetic CKD through V2-
receptor activation. Besides well-known
antidiuretic effects at the collecting duct
level, a V2-receptor agonist was shown to

induce glomerular hyperfiltration and to
increase UAE in normal rats (9,28). More-
over vasopressin has been shown to par-
ticipate in progression to renal failure in
rats with five-sixths reduction in renal
mass (29,30) and in rodent models of
type 1 diabetes (10,31). Acute adminis-
tration of DDAVP has been shown to in-
crease UAE in healthy humans but not in
patients with diabetes insipidus caused
by mutations in the V2-receptor (9).
The mechanisms of these deleterious ef-
fects of vasopressin are not clear. They

may involve changes in the composition
of the tubularfluid at themacula densa that
influence tubuloglomerular feedback
control of GFR, as well as an increase in
intraglomerular pressure subsequent to
afferent arteriole vasodilatation (32). The
latter hemodynamic effect is supposed to
be one of the main drivers in the decline
of renal function in diabetic CKD since the
pioneering works by Brenner and collea-
gues (33,34). However, our study cannot
preclude or confirm any of these mecha-
nisms because of its observational nature.
Further experimental studies are needed
in that regard.

Our study has limitations. First, the
design did not allow any conclusion re-
garding the possible causal relationship
between copeptin and disease progres-
sion. Second, we have not measured the
true GFR, but we used an estimation index
based on plasma creatinine levels. Finally,
half of the patients of DIABHYCAR re-
ceived ramipril during the follow-up and
this drug may influence blood pressure.
However, we observed no interaction be-
tween copeptin and study treatment (rami-
pril vs. placebo) in any of our results, and
adjustment for ramipril treatment had no
impact on the results.

The strong and independent associa-
tions of copeptin with baseline albumin
excretion rate and with progression to
CKD offer new tools to identify patients
with highest risk of progression. Several
novel therapeutic strategies have been

Table 2dRisk of renal events during the follow-up by tertiles of plasma copeptin at baseline

All subjects
(n = 3,101; 76 renal events)

Subjects with macroalbuminuria
(n = 729; 51 renal events)

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Model 1: adjusted for sex, age, and study treatment
T3 vs. T1 4.79 (2.48–9.24) ,0.0001 5.42 (2.09–14.01) ,0.0001
T3 vs. T2 3.43 (1.92–6.15) ,0.0001 2.41 (1.23–4.70) 0.009
T2 vs. T1 1.39 (0.64–3.03) 0.41 2.25 (0.79–6.39) 0.13

Model 2: adjusted for sex, age, study treatment, UAE, and eGFR
T3 vs. T1 2.97 (1.56–6.14) 0.0006 3.33 (1.37–9.96) 0.006
T3 vs. T2 2.78 (1.58–5.19) 0.0003 1.96 (1.02–4.04) 0.04

T2 vs. T1 1.07 (0.49–2.40) 0.87 1.69 (0.62–5.37) 0.31

Subhazard ratio (95% CI) P Subhazard ratio (95% CI) P

Model 3: adjusted for sex, age, and study treatment,
and with death as a competing risk

T3 vs. T1 4.69 (2.43–9.05) ,0.0001 5.14 (1.98–6.06) ,0.0001
T3 vs. T2 3.41 (1.91–6.07) ,0.0001 2.40 (1.24–4.62) 0.009
T2 vs. T1 1.38 (0.63–3.00) 0.42 2.15 (0.76–6.05) 0.15

Renal event during follow-up defined as the doubling of the serum creatinine levels or ESRD. Models 1 and 2: hazard ratios computed by Cox proportional hazards
survival regression analyses. Model 3: subhazard ratios computed by competing risk regression analysis. Age, UAE, and eGFR are baseline values and were log-
transformed for the analyses. Study treatment: randomization group in the original DIABHYCAR study (ramipril vs. placebo).

Table 3dCovariates associated with the incidence of renal events in a stepwise regression
analysis

Cumulated R2 b-Coefficient P

UAE 0.129 0.78 ,0.0001
Copeptin: T3 vs. T2 and T1 0.161 0.57 ,0.0001
HDL cholesterol 0.173 21.31 0.003
eGFR 0.179 20.93 0.03
HbA1c 0.182 0.76 0.16
Use of diuretics 0.185 0.22 0.18
Sex, male 0.187 0.04 0.21
Triglycerides 0.188 0.25 0.52
Duration of diabetes 0.188 0.18 0.55
Arterial hypertension 0.188 0.12 0.82
Copeptin: T2 vs. T1 0.188 0.08 0.88
Age 0.188 0.79 0.97

The cumulated R2 expresses the percentage of the variance of the dependent variable (renal events) as ex-
plained by the stepwise inclusion of independent variables in the model (1 = 100%). Statistical analyses test
the probability for the independent variable effect (b-coefficient) to be different from zero. Quantitative
parameters were log-transformed for the analysis.
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proposed for slowing the progression of
CKD (4). Some of them, like double-
blockade of the renin-angiotensin system
(VA-nephron-D study, NCT00555217)
or antibodies against tumor growth fac-
tor-b1 (NCT01113801), are still under-
going evaluation but their use will induce
a higher risk of side effects, as suggested
by the ONTARGET trial (35). We propose
that plasma copeptin can help target pa-
tients with the highest risk of CKD pro-
gression to optimize the benefit/risk ratio.
Our observations also raise exciting hy-
potheses of new therapeutic options in
diabetic CKD. Increasing water intake
may lower vasopressin secretion; such
“medicinal use of water” has been dis-
cussed recently for kidney diseases other
than diabetic nephropathy (36). Also, vap-
tans (vasopressin receptor antagonists)
could selectively target the V2 receptor–
mediated deleterious effects of vasopres-
sin. Advantages and disadvantages of
both options are debatable (37). If the in-
crease of water intake or V2 receptor an-
tagonists were shown to be beneficial,
then this could open the way to individu-
alized therapy. These interventions then
could be used specifically in subjects with
high copeptin levels who, presumably,
would benefit the most from the reduction
of vasopressin effects. Further studies are
needed to test these hypotheses.

In conclusion, our study is the first
investigation studying the association be-
tween endogenous vasopressin and kidney
dysfunction in type 2 diabetic patients. It
highlights the role of copeptin as a risk
marker for long-term renal outcomes in
these patients. Furthermore, it provides a
rationale for intervention studies aiming to
reduce vasopressin secretion or action.
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