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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),
22.29 6 0.49 (T2), and 23.52 6 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 kidney disease who are at high risk for renal function decline.
Diabetes Care 36:3639–3645, 2013

T

ype 2 diabetes is a major cause of
kidney and cardiovascular diseases,
and screening for albuminuria and
proteinuria is recommended for stratiﬁcation 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 proteinuria develop end-stage renal disease
(ESRD) within a 3-year follow-up (2,3).
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RESEARCH DESIGN AND
METHODS
Participants
We studied 3,101 unrelated French type
2 diabetic patients from the DIABHYCAR
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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.

There is still an important unmet therapeutic need and many innovative therapeutic 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 vasopressin 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 identiﬁcation of subjects at high risk for progression 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 selective vasopressin V2 receptor agonist) was
shown to increase urinary albumin excretion (UAE) in healthy subjects and in
normal rats (9), and treatment with a selective vasopressin V2-receptor antagonist
prevented the increase in albuminuria
in rats with streptozotocin-induced diabetes (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 copeptin with 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).

Copeptin and renal outcomes in type 2 diabetes

Procedures
Copeptin concentration was measured in
fasting plasma-EDTA samples, collected
at baseline, and kept frozen at 2808C. An
automated immunoﬂuorescent sandwich
immunoassay was used (BRAHMS Copeptin US KRYPTOR CT-proAVP; Thermoﬁsher Scientiﬁc, Hennigsdorf, Germany)
(13). Urinary albumin was measured by
nephelometry (14). Estimated glomerular
ﬁltration rate (eGFR) was calculated according 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 unless 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,
and ANCOVA. When ANOVA or ANCOVA
were signiﬁcant, comparisons between
pairs were made using the Tukey-Kramer
honestly signiﬁcant difference test. KaplanMeier curves were used to plot survival (renal event-free) rates over time
3640

by sex-speciﬁc tertiles of plasma copeptin.
Cox proportional hazards survival regression analyses were used to examine the
effect of explanatory variables on timerelated 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 performed to estimate subhazard ratios of
risk factors assuming death as a competing risk (16). Adjustments for clinical and
biological parameters were performed by
including these parameters as covariates
in the regression models. Interaction between 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 goodnessof-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 baseline 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 levels, had lower eGFR, and more often had
arterial hypertension and proteinuria. Renal 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 diabetes, and higher copeptin, HbA1c, and triglyceride levels, and had lower HDL
cholesterol levels. They had lower
eGFR, higher UAE, more often had arterial 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).

DIABETES CARE, VOLUME 36, NOVEMBER 2013

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 baseline (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 subset 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, adjusted for age and sex). However, associations 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 analysis was performed to evaluate the independence 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 hypertension status (yes or no), use of diuretics
(yes or no), HbA1c, triglycerides, HDL
cholesterol, eGFR, UAE, and copeptin
(tertiles) at baseline were entered as independent covariates. UAE and copeptin
remained positively associated and HDL
cholesterol and eGFR were inversely associated with the incidence of renal
events. These independent predictors explained ;18% of the variance of the outcome. Another potential confounder,
smoking behavior, was not associated
care.diabetesjournals.org
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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
.200 mg/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 cardiovascular death. For the purpose of the
original DIABHYCAR trial, a renal event
was deﬁned as the doubling of serum creatinine levels or the requirement of hemodialysis or renal transplantation (ESRD)
during follow-up. An independent committee reviewed all case records to validate selection criteria, to grade the renal
involvement of each patient, and to adjudicate the clinical events during follow-up
(11). Results were negative regarding the
drug effect and were published previously
(11,12). Participants gave written informed
consent and study protocols were approved by the Ethics Committee of
Angers University Hospital.
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T1
T3
P

Men

T2

0.72
0.82
0.001
,0.0001

,0.0001
,0.0001

756
67 6 8*†
13.7*†
(10.1–143)
56 6 10*†
11 6 9*
28.9 6 4.1
9.6 6 3.0*
8.0 6 1.8*†
(64 6 8)
144 6 13
82 6 8
58.1
75 6 20*†

0.21

0.01
0.01
0.42
0.02
,0.0001

757
65 6 8
7.7*
(5.9–10.0)
55 6 9
10 6 8
29.2 6 4.1
9.2 6 2.8
7.5 6 1.6
(58 6 5)
144 6 14
82 6 8
51.4
81 6 19*

73.5 and 26.5
85*
(30–649)
5.4
0.007
0.002|

77.3 and 22.7
78*
(29–577)
6.9

T2
T3

0.48
0.84
0.008
,0.0001

P

T1

277
69 6 9*†
12.6*†
(8.5–47.8)
58 6 10*†
11 6 7
30.5 6 5.9
9.8 6 3.4
8.5 6 2.1*
(69 6 11)
148 6 16
83 6 9
72.2
64 6 20*†

Women

,0.0001
,0.0001

277
65 6 9
6.2*
(4.4–8.5)
55 6 10
11 6 8
30.5 6 5.5
10.1 6 3.5
8.4 6 1.9
(68 6 9)
147 6 16
83 6 9
63.9
74 6 24
0.0001
0.44
0.76
0.34
0.04

277
65 6 8
2.9
(1.0–4.3)
55 6 9
10 6 7
30.2 6 5.5
9.7 6 3.0
8.1 6 1.8
(65 6 8)
147 6 15
83 6 9
59.9
73 6 19

68.6 and 31.4
86*†
(29–914)
2.5
0.008
0.009|

77.3 and 22.7
63
(28–522)
1.4
0.38

79.4 and 20.6
64
(28–385)
3.3

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 copeptin levels before achieving the renal
end point (17). Consequently, we performed competing risk regression analyses to estimate subhazard ratios of plasma
copeptin tertiles as a risk for renal events
assuming death as a competing risk. Subhazard 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), and 21.91 6 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 2 3.52 6 0.44 mL/min/1.73 m 2
per year (T3) (P = 0.005) for the subset
of subjects with macroalbuminuria at
baseline (Supplementary Fig. 1). These
differences remained signiﬁcant after additional adjustment for the duration of
diabetes, HbA 1c , triglycerides, HDL
DIABETES CARE, VOLUME 36, NOVEMBER 2013

3641

Downloaded from http://diabetesjournals.org/care/article-pdf/36/11/3639/616590/3639.pdf by guest on 26 September 2022

757
65 6 8
4.9
(0.9–5.8)
55 6 9
10 6 8
29.0 6 4.0
9.2 6 2.8
7.5 6 1.6
(58 6 5)
144 6 13
82 6 8
49.0
84 6 19

80.3 and 19.7
70
(28–437)
7.7

Table 1dClinical characteristics at baseline by tertiles of plasma copeptin and by sex

N
Age, years
Plasma copeptin, pmol/L‡

Age at diagnosis of diabetes, years
Duration of diabetes, years
BMI, kg/m2
Fasting plasma glucose, mmol/L
HbA1c, % (mmol/mol)

Systolic BP, mmHg
Diastolic BP, mmHg
Arterial hypertension, %
eGFR, mL/min/1.73 m2
Microalbuminuria and
macroalbuminuria, %
UAE, mg/24 hx

Previous myocardial infarction, %

Data expressed as mean 6 SD unless otherwise indicated. Statistics for quantitative parameters are ANOVA with log-transformed data unless otherwise indicated. Tukey-Kramer honestly signiﬁcant difference test after
ANOVA or Wilcoxon for each pair: signiﬁcantly different (P , 0.05) from *T1 or †T2. Arterial hypertension: systolic blood pressure .140 mmHg and/or diastolic blood pressure .90 mmHg or presence of antihypertensive medication and history of hypertension. BP, blood pressure. ‡Expressed as median and (range). xExpressed as median and (10th–90th percentiles). |Wilcoxon test.

care.diabetesjournals.org

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).

Copeptin and renal outcomes in type 2 diabetes

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 between copeptin tertiles and study treatment (ramipril vs. placebo) in the original
DIABHYCAR study (data not shown).
CONCLUSIONSdIn this study, we
demonstrated that high plasma copeptin
3642

concentration was strongly associated
with the risk of severe renal outcomes
(doubling of plasma creatinine concentration and/or ESRD) in patients with type
2 diabetes and albuminuria. This association was independent of relevant covariates such as age, duration of diabetes,
blood pressure, and baseline levels of
HbA1c, UAE, and eGFR. Plasma copeptin
and UAE similarly predicted the incidence of renal outcomes, and a 4% added
effect was observed for the combined
markers.
To our knowledge, this is the ﬁrst clinical study that investigates the association

DIABETES CARE, VOLUME 36, NOVEMBER 2013
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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).

between vasopressin or copeptin concentration 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 diseases. Plasma copeptin has been shown to be
positively associated with the prevalence of
microalbuminuria in cross-sectional observational and long-term follow-up studies in the general population (8,18). In
autosomal-dominant polycystic kidney
disease, copeptin is associated with various 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 during 3- to 4-year follow-up (22). Moreover, studies in Australian and Canadian
community-based cohorts of the general
population showed, respectively, an inverse linear relationship between ﬂuid intake 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 agreement with an adverse effect of vasopressin on kidney function.
As in any epidemiological study, the
association we observed may be confounded by other factors. Among them,
age and sex have been shown to inﬂuence
urinary concentrating activity and vasopressin 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 in men than in
women as previously observed (8,18,26).
However, we observed no interaction between 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 copeptin levels with mortality. However, it
is noteworthy that all subjects in the German cohort had ESRD and were more severely ill than our patients. It is possible to
speculate that the association between copeptin and renal events could be explained,
at least in part, by vasopressin-mediated
changes in blood pressure. Vasopressin may
contribute to hypertension through activation

Velho and Associates
Table 2dRisk of renal events during the follow-up by tertiles of plasma copeptin at baseline
All subjects
(n = 3,101; 76 renal events)

Model 1: adjusted for sex, age, and study treatment
T3 vs. T1
T3 vs. T2
T2 vs. T1
Model 2: adjusted for sex, age, study treatment, UAE, and eGFR
T3 vs. T1
T3 vs. T2
T2 vs. T1

Hazard ratio (95% CI)

P

Hazard ratio (95% CI)

P

4.79 (2.48–9.24)
3.43 (1.92–6.15)
1.39 (0.64–3.03)

,0.0001
,0.0001
0.41

5.42 (2.09–14.01)
2.41 (1.23–4.70)
2.25 (0.79–6.39)

,0.0001
0.009
0.13

2.97 (1.56–6.14)
2.78 (1.58–5.19)
1.07 (0.49–2.40)

0.0006
0.0003
0.87

3.33 (1.37–9.96)
1.96 (1.02–4.04)
1.69 (0.62–5.37)

0.006
0.04
0.31

Subhazard ratio (95% CI)

P

Subhazard ratio (95% CI)

P

4.69 (2.43–9.05)
3.41 (1.91–6.07)
1.38 (0.63–3.00)

,0.0001
,0.0001
0.42

5.14 (1.98–6.06)
2.40 (1.24–4.62)
2.15 (0.76–6.05)

,0.0001
0.009
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 logtransformed for the analyses. Study treatment: randomization group in the original DIABHYCAR study (ramipril vs. placebo).

of V1a receptors on the vascular smooth
muscle or by V2-receptor–dependent tubular effects on sodium reabsorption (27).
However, the association between copeptin and renal outcomes was independent
of blood pressure as previously noted for
the association of copeptin and UAE (8).
Experimental evidence strongly supports a causal role of vasopressin in
aggravation of diabetic CKD through V2receptor 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). Moreover vasopressin has been shown to participate 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 administration of DDAVP has been shown to increase UAE in healthy humans but not in
patients with diabetes insipidus caused
by mutations in the V2-receptor (9).
The mechanisms of these deleterious effects of vasopressin are not clear. They

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

UAE
Copeptin: T3 vs. T2 and T1
HDL cholesterol
eGFR
HbA1c
Use of diuretics
Sex, male
Triglycerides
Duration of diabetes
Arterial hypertension
Copeptin: T2 vs. T1
Age

Cumulated R2

b-Coefﬁcient

P

0.129
0.161
0.173
0.179
0.182
0.185
0.187
0.188
0.188
0.188
0.188
0.188

0.78
0.57
21.31
20.93
0.76
0.22
0.04
0.25
0.18
0.12
0.08
0.79

,0.0001
,0.0001
0.003
0.03
0.16
0.18
0.21
0.52
0.55
0.82
0.88
0.97

The cumulated R2 expresses the percentage of the variance of the dependent variable (renal events) as explained 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.

care.diabetesjournals.org

may involve changes in the composition
of the tubular ﬂuid at the macula 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 colleagues (33,34). However, our study cannot
preclude or conﬁrm any of these mechanisms 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 regarding the possible causal relationship
between copeptin and disease progression. 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 received ramipril during the follow-up and
this drug may inﬂuence blood pressure.
However, we observed no interaction between copeptin and study treatment (ramipril vs. placebo) in any of our results, and
adjustment for ramipril treatment had no
impact on the results.
The strong and independent associations 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
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Model 3: adjusted for sex, age, and study treatment,
and with death as a competing risk
T3 vs. T1
T3 vs. T2
T2 vs. T1

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

Copeptin and renal outcomes in type 2 diabetes
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