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BACKGROUND. The prevalence of chronic kidney disease (CKD) is increasing worldwide. The identification of factors
contributing to its progression is important for designing preventive measures. Previous studies have suggested that
chronically high vasopressin is deleterious to renal function. Here, we evaluated the association of plasma copeptin, a
surrogate of vasopressin, with the incidence of CKD in the general population.

METHODS. We studied 3 European cohorts: DESIR (n = 5,047; France), MDCS-CC (n = 3,643; Sweden), and
PREVEND (n = 7,684; the Netherlands). Median follow-up was 8.5, 16.5, and 11.3 years, respectively. Pooled data were
analyzed at an individual level for 4 endpoints during follow-up: incidence of stage 3 CKD (estimated glomerular filtration
rate [eGFR] < 60 ml/min/1.73 m2); the KDIGO criterion “certain drop in eGFR”; rapid kidney function decline (eGFR slope
steeper than –3 ml/min/1.73 m2/yr); and incidence of microalbuminuria.

RESULTS. The upper tertile of plasma copeptin was significantly and independently associated with a 49% higher risk for
stage 3 CKD (P < 0.0001); a 64% higher risk for kidney function decline, as defined by the KDIGO criterion (P < 0.0001);
a 79% higher risk for rapid kidney function decline […]
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Introduction
The prevalence of chronic kidney disease (CKD) is increasing worldwide (1). It affects as many as 10%–15% of  
the population and is now recognized as a global public health problem (1). CKD is associated with impaired 
quality of life, reduced life expectancy, and increased risk of end-stage renal disease (ESRD) and severe car-
diovascular events (2). The care for patients with CKD improved markedly in the last decades, but there is still 
an urgent need to identify modifiable factors that are driving the increase of CKD incidence and prevalence.

It is now recognized that adequate hydration is essential to kidney health (3). Recurrent dehydration 
and heat stress resulting from extreme occupational conditions were shown to cause subclinical kidney inju-

BACKGROUND. The prevalence of chronic kidney disease (CKD) is increasing worldwide. The 
identification of factors contributing to its progression is important for designing preventive 
measures. Previous studies have suggested that chronically high vasopressin is deleterious to renal 
function. Here, we evaluated the association of plasma copeptin, a surrogate of vasopressin, with 
the incidence of CKD in the general population.

METHODS. We studied 3 European cohorts: DESIR (n = 5,047; France), MDCS-CC (n = 3,643; 
Sweden), and PREVEND (n = 7,684; the Netherlands). Median follow-up was 8.5, 16.5, and 11.3 
years, respectively. Pooled data were analyzed at an individual level for 4 endpoints during follow-
up: incidence of stage 3 CKD (estimated glomerular filtration rate [eGFR] < 60 ml/min/1.73 m2); the 
KDIGO criterion “certain drop in eGFR”; rapid kidney function decline (eGFR slope steeper than –3 
ml/min/1.73 m2/yr); and incidence of microalbuminuria.

RESULTS. The upper tertile of plasma copeptin was significantly and independently associated with 
a 49% higher risk for stage 3 CKD (P < 0.0001); a 64% higher risk for kidney function decline, as 
defined by the KDIGO criterion (P < 0.0001); a 79% higher risk for rapid kidney function decline (P < 
0.0001); and a 24% higher risk for microalbuminuria (P = 0.008).

CONCLUSIONS. High copeptin levels are associated with the development and the progression of 
CKD in the general population. Intervention studies are needed to assess the potential beneficial 
effect on kidney health in the general population of reducing vasopressin secretion or action.
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ry, leading to permanent kidney damage over time (3–5). This clinical condition known as Mesoamerican 
nephropathy was documented among young agricultural workers in Central America (6). Results from a few 
observational studies in the general population suggest that high water intake might have beneficial effects 
on limiting the decline of  kidney function over time (3, 7, 8). Dehydration and a modest elevation of  plasma 
osmolality are major stimuli for vasopressin (or antidiuretic hormone) secretion by the neurohypophysis. 
Vasopressin is cosecreted into the blood in an equimolar amount with copeptin, the C-terminal portion of  
the pre-pro-vasopressin peptide. Copeptin is easier to assay (9–11) and is an adequate surrogate of  vasopres-
sin (12–14). Experimental evidence supports a causal and direct role of  vasopressin in the development and 
aggravation of  CKD through V2 receptor activation (15). As vasopressin secretion can be modulated by water 
intake, and its actions blocked by nonpeptide selective receptor antagonists (vaptans), the vasopressin system 
could be a potential therapeutic target for the prevention and treatment of  CKD (15, 16).

Positive associations of copeptin with markers of kidney function or with kidney function decline were 
observed in populations with CKD or at high risk of CKD, such as people with diabetes (17–20), patients with 
autosomal dominant polycystic kidney disease (ADPKD) (21–23), and kidney transplant recipients (24). How-
ever, only limited prospective data are available on the association of plasma copeptin with the risk of new-onset 
CKD in the general population (25, 26). Therefore, we undertook an individual-level pooled analysis of 3 Euro-
pean cohorts from the general population to assess the association of copeptin with the incidence of various 
kidney function related outcomes. As circulating levels of vasopressin (25) and copeptin (14, 25–29) are as much 
as 50% higher in men than in women, we also assessed interactions of sex and copeptin in these associations.

Results
Clinical characteristics at baseline. Flow diagrams of  the Data from Epidemiological Study on Insulin Resis-
tance Syndrome (DESIR; France), Malmö Diet and Cancer Study–Cardiovascular Cohort (MDCS-CC; 
Sweden), and Prevention of  Renal and Vascular End-Stage Disease (PREVEND; the Netherlands) cohorts 
are shown in Figure 1. Unless stated otherwise, results are given for pooled data of  the 3 cohorts. Clinical 
characteristics of  participants at baseline by tertiles of  plasma copeptin are shown in Table 1. Briefly, peo-
ple in the upper tertile of  plasma copeptin, as compared with those in the lower tertiles, were older; had 
higher BMI and blood pressure; were more frequently treated with antihypertensive medication, diuretics, 
or angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (ACE inhibitors/ARBs); and 
were more likely to be smokers. They also had higher plasma glucose, cholesterol, triglycerides, cystatin C, 
and creatinine levels and lower estimated glomerular filtration rate (eGFR).

Incidence of  stage 3 CKD during follow-up. Progression toward stage 3 CKD, defined as eGFR < 60 ml/
min/1.73 m2, during follow-up was observed in 1,124 people (8.6%). Clinical characteristics at base-
line of  CKD progressors and nonprogressors are shown in Supplemental Table 1 (supplemental mate-
rial available online with this article; https://doi.org/10.1172/jci.insight.121479DS1). Baseline plasma 
copeptin concentration was higher in progressors than in nonprogressors. The cumulative incidence of  
stage 3 CKD during follow-up by tertiles of  baseline plasma copeptin was 6.8% (tertile 1 [T1]), 8.3% 
(T2), and 10.9% (T3) (Figure 2A). Cox proportional hazards regression analyses confirmed the positive 
association of  the upper tertile of  plasma copeptin and loge[copeptin] with the incidence of  CKD in a 
minimally adjusted model, including as covariates cohort membership, sex, age, and eGFR at baseline 
(Table 2, model 1; results from individual cohorts are shown in Supplemental Table 2). When adjusted 
for several potential confounders, the association of  plasma copeptin at baseline with the incidence of  
CKD remained significant (Table 2, model 2). Cox regression analyses were repeated, with quantitative 
covariates expressed as qualitative dichotomous (below or above the median) variables, with the excep-
tion of  tertiles of  copeptin. Hazard ratios (HRs) for all covariates are shown in Figure 3.

The KDIGO criterion during follow-up. The Kidney Disease: Improving Global Outcomes (KDIGO) criteri-
on “certain drop in eGFR” was fulfilled by 1,233 people (9.1%) during follow-up. Characteristics at baseline 
of  progressors and nonprogressors during follow-up are shown in Supplemental Table 1. Baseline plasma 
copeptin concentration was higher in progressors than in nonprogressors. The cumulative incidence of  “cer-
tain drop in eGFR” during the study by tertiles of  plasma copeptin was 7.1% (T1), 9.4% (T2), and 10.8% (T3) 
(Figure 2B). A logistic regression analysis confirmed the association of  the upper tertile of  plasma copeptin 
and loge[copeptin] with the KDIGO criterion during follow-up both in minimally and fully adjusted mod-
els (Table 2; results from individual cohorts are shown in Supplemental Table 2). Regression analyses were 
repeated with quantitative covariates expressed as qualitative dichotomous (below or above the median) vari-
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ables, with the exception of  tertiles of  copeptin. Odds ratio (OR) for all covariates are shown in Figure 3.
eGFR slope and rapid decline in kidney function during follow-up. The rates of change of the eGFR (assessed by 

the slope) during follow-up by tertiles of plasma copeptin were –0.65 ± 0.02 (T1), –0.76 ± 0.02 (T2), and –0.79 ± 
0.02 ml/min/1.73 m2 per year (T3) (mean ± SEM, analysis of covariance [ANCOVA], P < 0.0001, adjusted for 
age, sex, cohort membership, and eGFR at baseline and duration of follow-up). The difference remained signifi-
cant in the fully adjusted model (P < 0.0001). Rapid kidney function decline (defined by a slope of eGFR steeper 
than –3 ml/min/1.73 m2 per year) was observed in 580 people during follow-up. Its prevalence by tertiles of  
plasma copeptin was 3.2% (T1), 4.1% (T2), and 5.5% (T3) (Figure 2C). A logistic regression analysis confirmed 
the association of copeptin with rapid kidney function decline during follow-up (Table 2).

Sensitivity analyses — cystatin C–based eGFR. In additional sensitivity analyses in the PREVEND cohort, the 
eGFR outcomes during follow-up (eGFR < 60 ml/min/1.73 m2, KDIGO criterion “certain drop in eGFR,” 
and rapid kidney function decline) were assessed for eGFR computed from serum cystatin C. The upper tertiles 
of plasma copeptin and loge[copeptin] were significantly associated with the outcomes (Supplemental Table 3).

Incidence of  albuminuria. The cumulative incidence of albuminuria by tertiles of plasma copeptin was 7.5% 
(T1), 7.2% (T2), and 9.1% (T3) (DESIR and PREVEND pooled data; Figure 4). Cox proportional hazards 
regression analyses confirmed the positive association of the upper tertile of plasma copeptin with the incidence 
of albuminuria: HR 1.24, 95% CI 1.06–1.46, P = 0.008 for T3 versus T1/T2, adjusted for cohort, sex, age, 
systolic and diastolic blood pressure, eGFR, and use of ACE inhibitors or ARBs medication at baseline. The 
association remained significant when further adjusted for baseline albumin/creatinine ratio (ACR): HR 1.22, 
95% CI 1.03–1.43, P = 0.02. In additional analyses in the 3 cohorts, the upper tertile of baseline plasma copeptin 
was associated with a higher ACR at the end of follow-up: 30.1 ± 2.8 (T1), 31.1 ± 2.8 (T2), and 37.3 ± 2.8 mg/g 
(T3) (mean ± SEM, ANCOVA, P < 0.0001, same adjustments as above plus duration of follow-up).

Interaction between sex and copeptin. Plasma copeptin at baseline was higher in men than in women: 
4.97 pmol/l (4.18) versus 3.08 pmol/l (2.08) for DESIR, 6.92 pmol/l (5.80) versus 4.21 pmol/l (3.52) for 
MDCS-CC, and 6.13 pmol/l (5.25) versus 3.56 pmol/l (3.05) for PREVEND (median and interquartile 
range [IQR], P < 0.0001 for all comparisons). The associations of  baseline copeptin with the outcomes 
during follow-up were observed both in men and women (Supplemental Tables 4 and 5), and no interaction 
between sex and copeptin was observed in the analyses (Figure 5).

Figure 1. Flow diagram of the participants in the study. Copeptin was measured in 16,374 participants from the DESIR, MDCS-CC, and PREVEND cohorts 
(women 50.5%, 59.9%, and 52.6%, respectively). People for whom CKD status at baseline or at the end of follow-up could not be ascertained (n = 2,777) 
were excluded from the analyses. Thus, analyses were carried out with data from 13,597 participants.
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Discussion
In the present investigation, in 3 large prospective community-based European cohorts, high levels of  plas-
ma copeptin at baseline were associated with an increased incidence of  stage 3 CKD, with kidney function 
decline assessed by the KDIGO criterion “certain drop in eGFR” (2) and by the slope of  eGFR over time 
as well as with incident microalbuminuria during follow-up. The risk of  microalbuminuria was mainly 
driven by the highest copeptin tertile, while the risk for eGFR-based outcomes increased progressively with 
increasing copeptin tertiles. The associations remained significant following adjustment for kidney function 
and other classical risk factors for CKD at baseline. In this regard, the risk associated with high plasma 
copeptin was similar to the risk associated with high blood pressure and arterial hypertension and was high-
er than the risk associated with high total cholesterol (Figure 3), two well-established risk factors for CKD.

To our knowledge, this is the first study to evaluate copeptin as a marker of CKD risk, prospectively in a 
large number of people from the general population and included a large array of kidney outcomes. Previous 
reports from these cohorts dealt only with a subset of participants and/or limited outcomes (25, 26, 28, 30). 
Other population-based studies supporting the link between high levels of vasopressin and kidney function 
decline used surrogate markers of vasopressin secretion, such as fluid or plain water intake assessed by ques-
tionnaires, urine volume, or estimated urine osmolality (7, 8, 31). Copeptin was associated with kidney length 
and prevalence of simple cysts in a family-based cross-sectional study of the general population (32), with 
other specific kidney disease diagnoses, including acute tubulointerstitial nephritis and hydronephrosis, in a 
population-based study (33), and with markers of disease severity, including glomerular filtration rate (GFR) 
and albuminuria, in patients with ADPKD (21, 23). Plasma copeptin was also associated with the risk of  
severe kidney outcomes, including the doubling of plasma creatinine concentration and/or the incidence of  
ESRD, in people with type 1 or type 2 diabetes (18, 20). In the present investigation in cohorts from the general 

Table 1. Characteristics of participants at baseline by tertiles of plasma copeptin

Copeptin tertiles T1 T2 T3 P

n 4,571 4,545 4,481
Plasma copeptin (pmol/l)
Men 3.21 (1.39) 5.88 (1.70)A 10.6 (4.55)A,B <0.0001
Women 2.06 (0.77) 3.51 (1.04)A 6.45 (3.14)A,B <0.0001
Age (yr) 50 ± 10 50 ± 11 51 ± 11A,B <0.0001
Sex: men 2,133 (46.7%) 2,441 (46.3%) 2,078 (46.4%) 0.93
BMI (kg/m2) 25.2 ± 3.7 25.5 ± 3.9A 25.7 ± 4.2A <0.0001
SBP (mmHg) 130 ± 18 131 ± 18 133 ± 19A,B <0.0001
DBP (mmHg) 78 ± 10 78 ± 11 79 ± 11A,B <0.0001
Antihypertensive treatment 509 (11.1%) 516 (11.4%) 576 (12.9%) 0.02
Use of diuretics 135 (3.0%) 131 (2.9%) 175 (3.9%) 0.009
Use of ACE-I or ARBs 147 (3.2%) 153 (3.4%) 188 (4.2%) 0.03
Plasma cystatin C (mg/l) 0.85 ± 0.14 0.88 ± 0.15A 0.92 ± 0.19A,B <0.0001
Plasma creatinine (μmol/l) 53 ± 12 53 ± 13 54 ± 14A,B <0.0001
eGFR (ml/min/1.73 m2) 90 ± 16 89 ± 16A 87 ± 17A,B <0.0001
ACR (mg/g) 6.7 (6.8) 6.8 (6.8) 7.3 (7.7)A,B <0.0001
Current smoker 1,216 (26.7%) 1,249 (27.6%) 1,331 (29.8%) 0.003
FPG (mmol/l) 5.00 ± 0.88 5.00 ± 0.87 5.13 ± 1.28A,B <0.0001
Glycemic status: NFG/IFG/DM (%) 93.4/4.3/2.3 93.7/3.9/2.4 92.0/4.4/3.7 0.0003
Total cholesterol (mmol/l) 5.76 ± 1.08 5.73 ± 1.07 5.81 ± 1.11B 0.004
LDL cholesterol (mmol/l) 3.83 ± 0.97 3.77 ± 0.95 3.79 ± 0.99 0.05
HDL cholesterol (mmol/l) 1.46 ± 0.42 1.45 ± 0.41 1.45 ± 0.44 0.45
Triglycerides (mmol/l) 1.26 ± 0.81 1.27 ± 0.80 1.36 ± 1.21A,B <0.0001

Data are expressed as mean ± SD, median (interquartile range) (ACR and copeptin), or n (%). Copeptin tertiles are cohort and sex specific. Statistical tests are 
ANOVA with log-transformed data or Wilcoxon (rank-sum) test (ACR and copeptin) for qualitative parameters, and Pearson’s χ2 test for qualitative variables. 
Tukey-Kramer honest significant difference test following ANOVA or Wilcoxon test was used for comparisons of each pair. ASignificantly different (P < 0.05) 
from T1; Bsignificantly different (P < 0.05) from T2. Plasma cystatin C was assessed only in the PREVEND cohort. ACR, albumin-to-creatinine ratio, assessed 
only in DESIR and PREVEND cohorts; FPG, fasting plasma glucose; NFG, normal fasting glucose; IFG, impaired fasting glucose; DM, diabetes mellitus. SBP: 
systolic blood pressure; DBP, diastolic blood pressure; ACE-I, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers.
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population, associations with severe kidney outcomes (eGFR slope steeper than –5 ml/min/1.73 m2 or ESRD) 
could not be assessed, as their prevalence or incidence during follow-up was far too low as to be studied as 
endpoints. A few short-term pilot studies showed that increased water intake can lead to a significant decrease 
in plasma copeptin concentration in healthy individuals (34, 35), especially in those with high plasma copeptin 
at baseline (34), as well as in stage 3 CKD patients (36). However, data on kidney outcomes from intervention 
studies modifying vasopressin secretion or action are scarce. Administration for 36 months of tolvaptan, a V2 
receptor antagonist, in patients with ADPKD was associated with slower kidney growth and functional decline 
and with a reduced frequency of ADPKD-related complications (37). An ongoing trial is now assessing the 
long-term efficacy and safety of increased water intake to prevent the progression of kidney growth in ADPKD 
patients (38). Recently, in a randomized intervention study in patients with stage 3 CKD, coaching to increase 
water intake compared with coaching to maintain baseline water intake did not significantly slow the decline in 
kidney function after 1 year (39). However, patients in the increased hydration group presented only a modest 
increase in 24-hour urine volume and a small decrease in plasma copeptin during follow-up. The authors con-
cluded that the study may have been underpowered to detect a clinically important difference (39).

Higher plasma copeptin concentrations in men than in women have been consistently observed in the 
general population (14, 25–29) as well as in people with diabetic (18–20) or nondiabetic kidney disease (21, 
23, 24). Sex-related differences were reported on the association of  plasma copeptin with type 2 diabetes 
and cardiovascular traits (40, 41) and on the association of  allelic variations in the AVP gene with plasma 
copeptin (42). Nevertheless, in the present study, we observed no interaction between sex and copeptin on 
the associations of  sex-specific tertiles or log-transformed copeptin with kidney outcomes, suggesting that 
the associated risk of  CKD was essentially similar in men and women.

There are limitations of  our study to acknowledge. We have not measured the true GFR with one 
of  the gold-standard methods, as they are not easily applicable to large cohort studies. Instead, we used 
estimations based on plasma creatinine or cystatin C levels. We have measured copeptin as a surrogate 
of  vasopressin. Although their plasma concentrations correlate over a wide range of  plasma and/or urine 
osmolalities, the strength of  the correlation might vary with the GFR (14). However, the correlation seems 
relatively stable for eGFR > 30 ml/min/1.73 m2 (43), which corresponds to all but 8 of  the participants in 

Figure 2. eGFR decline during follow-up by tertiles of plasma 
copeptin at baseline. (A) Kaplan-Meier curves for the incidence of 
stage 3 CKD, defined as eGFR <60 ml/min/1.73 m2 criterion. T1 (n = 
4,431), T2 (n = 4,362), and T3 (n = 4,240). (B) Incidence of CKD defined 
by KDIGO “certain Drop in eGFR.” T1 (n = 4,571), T2 (n = 4,545), and T3 
(n = 4,481). (C) Prevalence of rapid kidney function decline defined by 
an eGFR slope steeper than –3 ml/min/1.73 m2 per year. T1 (n = 4,571), 
T2 (n = 4,545), and T3 (n = 4,481). Data are from pooled cohorts; log-
rank test (A); Pearson’s χ2 test (B and C).
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our study. We studied 3 cohorts consisting predominantly of  people of  European descent, and our conclu-
sion may not apply to people from other ethnic backgrounds. Finally, because of  the observational design, 
our study does not allow any direct demonstration of  a causal relationship between vasopressin and CKD.

It has been suggested that high copeptin levels observed in people with CKD might merely reflect a 
decline in GFR (44). Both vasopressin and copeptin are small-sized molecules and thus could be subjected to 
renal clearance. However, results from a recent investigation suggest that renal clearance is not the predom-
inant factor in the degradation of  circulating copeptin (43). Moreover, strong experimental data have been 
accumulated in the last decades supporting a direct causal role for vasopressin in the pathogenesis of  CKD 
(15). Hyperfiltration was observed in rodents chronically exposed to vasopressin action (15, 45). Moreover, the 
selective vasopressin V2 receptor agonist dDAVP was shown to induce a marked increase in urinary albumin 
excretion both in rats and in healthy human individuals (46). Conversely, diabetes-induced hyperfiltration, 
albuminuria, and kidney hypertrophy were attenuated in Brattleboro rats genetically devoid of  vasopressin 
(47) and in rodent models of  diabetes treated with a vasopressin V2 receptor antagonist (48, 49). Consistent 
with these observations, decreasing vasopressin action through high water intake slowed the decline in GFR 
and reduced proteinuria and kidney histological damage in rodent models of  CKD (16, 50–52). Glomerular 
hyperfiltration leads to progressive nephron damage by increasing intraglomerular hydraulic pressure (53). 
The mechanism by which vasopressin induces glomerular hyperfiltration and exerts its adverse effects on the 
kidney is not fully elucidated (15). Hyperfiltration is likely induced by a reduction in the tubuloglomerular 
feedback control of  GFR, secondary to a reduced sodium concentration at the macula densa (15).

In conclusion, our study demonstrates that high copeptin levels are associated with the development 
and the progression of  CKD in the general population. Our results argue for the relevance in human 
pathology of  the experimental data obtained in animal models, suggesting a causal link between vaso-
pressin and kidney disease. Together, they provide a strong basis to design future intervention studies 
that assess the effect of  reducing vasopressin secretion, and the potential role of  high water intake, in the 
prevention of  kidney disease in the general population.

Methods
Study population. We studied 3 European population-based cohorts: DESIR from France, MDCS-CC from Swe-
den, and PREVEND from the Netherlands. The cohorts were selected on the basis of availability of copeptin 
measurement at baseline and assessment of kidney function at baseline and follow-up. Details on the design, 
recruitment, and procedures of the studies have been reported previously (25, 26, 28, 54). Briefly, DESIR was 

Table 2. Risk of eGFR outcomes during follow-up by tertiles of plasma copeptin at baseline

Stage 3 CKD (eGFR < 60 ml/min/1.73 m2) KDIGO “Certain drop in eGFR” Rapid kidney function decline
HR (95% CI) P OR (95% CI) P OR (95% CI) P

Model 1
T3 vs. T1 1.49 (1.29–1.72) <0.0001 1.64 (1.41–1.91) <0.0001 1.79 (1.44–2.22) <0.0001
T3 vs. T2 1.28 (1.11–1.47) 0.0005 1.19 (1.03–1.37) 0.02 1.25 (1.02–1.54) 0.03
T2 vs. T1 1.17 (1.00–1.36) 0.05 1.38 (1.19–1.61) <0.0001 1.43 (1.14–1.79) 0.002
Loge[copeptin] 1.35 (1.22–1.49) <0.0001 1.42 (1.28–1.56) <0.0001 1.47 (1.26–1.72) <0.0001
Model 2
T3 vs. T1 1.45 (1.23–1.71) <0.0001 1.61 (1.37–1.90) <0.0001 1.80 (1.43–2.28) <0.0001
T3 vs. T2 1.36 (1.16–1.59) 0.0001 1.23 (1.05–1.43) 0.01 1.21 (0.98–1.51) 0.08
T2 vs. T1 1.07 (0.90–1.27) 0.45 1.32 (1.11–1.56) 0.002 1.49 (1.17–1.89) 0.001
Loge[copeptin] 1.36 (1.22–1.52) <0.0001 1.42 (1.27–1.58) <0.0001 1.47 (1.26–1.72) 0.0001

Copeptin tertiles are cohort and sex specific. Cox regression analyses and logistic regression analyses were performed in pooled cohorts. Hazard ratio 
(HR) and odds ratio (OR) with 95% CI for tertiles of plasma copeptin and for 1 unit of loge[copeptin]. Model 1 was adjusted for cohort membership, sex, 
age, and eGFR at baseline, plus duration of follow-up (for KDIGO “certain drop in eGFR” and rapid kidney function decline outcomes only). Model 2 
consists of model 1 plus BMI, systolic and diastolic blood pressure, fasting plasma glucose, total and HDL cholesterol and triglycerides, use of diuretics, 
antihypertensive drugs and angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, and smoking status at baseline. The number of 
incident/nonincident cases during follow-up by tertiles of baseline plasma copeptin is as follows: 300/4,131 (T1), 364/3,998 (T2), and 460/3,780 (T3) for 
the eGFR > 60 ml/min/1.73 m2 outcome; 323/4,248 (T1), 427/4,118 (T2), and 483/3,998 (T3) for KDIGO “Certain drop in eGFR” outcome; and 148/4,423 
(T1), 188/4,357 (T2), and 244/4,237 (T3) for the rapid kidney function decline outcome. 
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a 9-year prospective study conducted in 5,212 men and women (age range, 30–65 years old) from western 
France. The study protocol included extensive clinical and biological evaluations at inclusion (between 1994 and 
1998) and at visits after 3, 6, and 9 years of follow-up. The MDCS-CC is a prospective population-based study 
designed to investigate the relationship between diet and other lifestyle factors on the risk of developing cancer. 
Between 1991 and 1996, 28,449 people living in Malmö participated in clinical examinations, which included 
blood sampling and a questionnaire about nutrition. After a follow-up of 16 years (between 2007 and 2012), a 
new clinical examination and blood sampling, including kidney function assessment, were performed in 3,700, 
of whom 3,186 people had complete data. Morbidity and mortality have been followed up by national registers. 
PREVEND is a Dutch cohort drawn from the general population (age range, 28–75 years old) from Groningen, 
the Netherlands. The study investigates the predictive value of urinary albumin for kidney and cardiovascu-
lar disease progression. The total screening program was completed by the 8,592 people (of the 40,856 who 
responded to the clinical examination invitation) who comprise the present cohort.

Figure 3. Covariates associated with eGFR decline during follow-up. Left: Hazard ratio (HR) with 95% CI for baseline covariates included in Cox regres-
sion analyses (multiadjusted model) of the incidence of stage 3 CKD defined by eGFR <60 ml/min/1.73 m2 during follow-up. Right: Odds ratio (OR) with 
95% CI for baseline covariates included in logistic regression analyses for KDIGO “certain drop in eGFR” criterion during follow-up. Quantitative covariates 
are expressed as qualitative dichotomous (below or above the median) variables, with the exception of tertiles of copeptin. eGFR, estimated glomerular 
filtration rate; ACE-I, angiotensin-converting enzyme inhibitor; ARBs, angiotensin receptor blockers. Data are from pooled cohorts; left, n = 13,033; right, n 
= 13,597. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001  by Cox regression analyses (hazard ratios) or from logistic regression analyses (odds ratio).

Figure 4. Kaplan-Meier curves for the incidence of microalbuminuria during 
follow-up by tertiles of baseline plasma copeptin. Pooled data from DESIR and 
PREVEND cohorts. T1 (n = 2,844), T2 (n = 2,812), and T3 (n = 2,613). Log-rank test.
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Definition of  outcomes. Participants were followed for eGFR decline and new-onset of  CKD during a 
median (IQR) duration of  9.0 (0.6), 16.5 (2.3), and 11.0 (3.9) years for DESIR, MDCS-CC, and PRE-
VEND, respectively. We considered 4 criteria for kidney function decline and progression toward CKD 
during follow-up. These included, first, the incidence of  stage 3 CKD — defined as an eGFR below 60 
ml/ min/1.73 m2 — in at least one of  the follow-up visits and, second, the “certain drop in eGFR” cri-
terion proposed by the KDIGO group (2). GFR categories were defined as 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), and GFR < 15 ml/min/1.73 m2 (G5). 
“Certain Drop in eGFR” was defined by KDIGO as a drop in GFR category accompanied by a 25% or 
greater drop in eGFR from baseline. As a third criterion, we considered, the slope of  eGFR over time, 
taking into account all available (baseline and follow-up) values of  eGFR for each individual. Rapid kid-
ney function decline was defined as a slope of  eGFR steeper than –3 ml/min/1.73 m2 per year. Finally, 
the incidence of  microalbuminuria defined as ACR ≥ 30 mg/g was assessed in DESIR and PREVEND 
cohorts. ACR data were only available at the end of  follow-up for MDCS-CC.

Laboratory procedures. Laboratory procedures for blood biochemistry assays in the DESIR, MDCS-
CC, and PREVEND cohorts are described elsewhere (25, 26, 28, 54–56). Copeptin concentration 
was measured in plasma-EDTA samples collected at baseline by an automated immunofluorescent 
sandwich assay (ultra-sensitive B•R•A•H•M•S Copeptin proAVP, Thermo Fischer Scientific) on the 
Kryptor platform (9, 10). The limit of  detection was 0.9 pmol/l. Intra-assay CV was <15% and <8% 
for concentration ranges of  2.0–4.0 pmol/l and 4.0–15.0 pmol/l, respectively. Inter-assay CV was 
<18% and <10%, respectively, for the lower and higher copeptin concentration range (data reported by 
the manufacturer). Copeptin measurement in DESIR samples was performed in 2013 by Thermo Fish-
er Scientific or in 2015 by the authors in Paris. MDCS-CC samples were assayed locally in the authors’ 

Figure 5. Hazard ratios or odds ratios with 95% CI for the association of 
baseline plasma copeptin with eGFR outcomes during follow-up by sex. (A) 
Incidence of stage 3 CKD (eGFR < 60 ml/min/1.73 m2), (B) KDIGO “certain drop in 
eGFR” criterion, and (C) rapid kidney function decline. The median value for each 
plasma copeptin tertile is represented in blue squares for men and red circles for 
women. Number of participants: 6,152 men and 6,881 women (A) and 6,314 men 
and 7,283 women (B and C). Data are from Cox proportional hazards regression 
analyses (A) or logistic regression analysis (B and C), adjusted for cohort mem-
bership, sex, age, and eGFR at baseline, plus duration of follow-up (B and C). 
The P values are representative of the statistical significance for the interaction 
term sex/copeptin in the regression models.
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lab in Malmö in 2009. Measurement of  PREVEND samples was made in 2009 by Thermo Fisher 
Scientific. Similar commercially available kits and equipment were used for the assay in the 3 cohorts.

Statistics. Analyses were performed in DESIR, MDCS-CC, and PREVEND pooled cohorts. Cohort- 
and sex-specific tertiles of  plasma copeptin concentration were computed to take into account cohort-re-
lated and the well-known sex-related differences in copeptin levels. eGFR was calculated using the CKD-
EPI study equations for serum creatinine (57) and cystatin C (58). Results are expressed as mean ± SD, 
except where stated otherwise. Differences between groups were assessed by Pearson’s χ2, Kruskal Wallis 
or Wilcoxon (rank-sum) tests, and ANOVA or ANCOVA. Tukey-Kramer honest significant difference 
test was used following ANOVA for comparisons of  pairs. Kaplan-Meier curves were used to plot the 
incidence of  CKD over time. The association of  plasma copeptin with CKD was assessed by log-rank 
test, Cox proportional hazards survival regression analyses, or by logistic regression analyses. Adjust-
ments for clinical and biological parameters were carried out by including these parameters as covariates 
in the regression models. A minimally adjusted model included as covariates cohort membership, sex, 
age, and eGFR at baseline, plus duration of  follow-up (logistic regression analyses only). A fully adjusted 
model also included BMI, systolic and diastolic blood pressure, fasting plasma glucose, total and HDL 
cholesterol and triglycerides, use of  diuretics, antihypertensive drugs and ACE inhibitors or ARBs, and 
smoking status at baseline. Interaction between copeptin and sex was assessed in all analyses by including 
in the regression model an interaction term. HR or OR, respectively, with their 95% CI were computed in 
these analyses. Logarithmic transformation was applied to skewed variables to fulfil the requirement of  
approximate normality of  the residuals. Regression analyses were also made with quantitative covariates 
expressed as qualitative dichotomous (below or above the median) variables. Statistics used JMP (SAS 
Institute Inc.) and Stata (StataCorp) softwares. P < 0.05 was considered statistically significant.

Study approval. The DESIR research protocol was approved by the ethics committee of  Bicêtre Hospital, 
Kremlin-Bicêtre, France. MDCS-CC study protocols were approved by the regional ethics committee of  
Lund University, Lund, Sweden. The PREVEND study was approved by the medical ethics committee of  
the University of  Groningen. All studies were conducted in accordance with the guidelines of  the Declara-
tion of  Helsinki principles. All participants provided written informed consent.
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