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Copeptin, Natriuretic Peptides, and Cardiovascular
Outcomes in Patients With CKD: The German Chronic
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investigators

Rationale & Objective: Copeptin and Midrange
pro-atrial natriuretic peptide (MR-pro-ANP) are
associated with outcomes independently of N-termi-
nal pro-brain natriuretic peptide (NT-pro-BNP) in
patients with heart failure (HF). The value of these
markers in patients with chronic kidney disease
(CKD) has not been studied.

Study Design: Prospective cohort study.

Setting & Participants: A total of 4,417 patients
enrolled in the German Chronic Kidney Disease
(GCKD) study with an estimated glomerular filtra-
tion rate of 30-60 mL/min/1.73m? or overt pro-
teinuria (urinary albumin-creatinine ratio >300mg/g
or equivalent).

Exposures: Copeptin, MR-pro-ANP, and NT-pro-
BNP levels were measured in baseline samples.

Outcomes: Noncardiovascular death, cardiovas-
cular (CV) death, major adverse CV event (MACE),
and hospitalization for HF.

Analytical Approach: HRs for associations of
Copeptin, MR-pro-ANP, and NT-pro-BNP with
outcomes were estimated using Cox regression

Results: During a maximum follow-up of 6.5 years,
413 non-CV deaths, 179 CV deaths, 519 MACE,
and 388 hospitalizations for HF were observed.
In Cox regression analyses adjusted for
established risk factors, each one of the 3
markers were associated with all the 4 outcomes,
albeit the highest HRs were found for NT-pro-
BNP. When models were extended to include all
the 3 markers, NT-pro-BNP remained associated
with all 4 outcomes. Conversely, from the 2 novel
markers, associations remained only for Copeptin
with non-CV death (HR, 1.62; 95% ClI, 1.04-2.54
for highest vs lowest quintile) and with
hospitalizations for HF (HR, 1.73; 95% ClI, 1.08-
2.75).

Limitations:  Single-point measurements  of
Copeptin, MR-pro-ANP, and NT-pro-BNP.

Conclusions: In patients with moderately severe
CKD, we confirm NT-pro-BNP to be strongly
associated with all outcomes examined. As the
main finding, the novel marker Copeptin
demonstrated independent associations with non-
CV death and hospitalizations for HF, and should
therefore be evaluated further for risk assessment
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analyses adjusted for established risk factors. in CKD.

hronic kidney disease (CKD) is characterized by a
high burden of cardiovascular (CV) complications
and is projected to become the fifth leading cause of death
in 2040 worldwide." A biomarker-based strategy to
identify those patients with CKD at greatest risk may help
to improve outcomes, eg, by prompting further diagnostic
investigations, such as cardiac imaging and by aiding to
direct cardioprotective and renoprotective therapies.
Brain natriuretic peptide (BNP) is mainly released from
the left ventricle of a diseased heart and causes natriuresis
and vasodilation. BNP levels as well as levels of its inactive
signaling peptide N-terminal pro-brain natriuretic peptide
(NT-pro-BNP) are associated with long-term CV out-
comes, perhaps even more strongly in patients with CKD
than in those without CKD.”* However, interpretation of
BNP and NT-pro-BNP levels in individuals with CKD is
hampered by the fact that impaired kidney function can
contribute to elevated levels.
Atrial natriuretic peptide (ANP), which promotes
natriuresis and vasodilation similar to BNP, is mainly
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released from the cardiac atrium. It could be argued that
this allows for more sensitive detection of structural and/
or functional changes of the heart than NT-pro-BNP. An
assay has been developed against the middle portion of the
peptide (MR-pro-ANP), which has a longer half-life than
intact ANP. MR-pro-ANP has already been shown to pre-
dict outcomes in patients with heart failure (HF).”

Arginine vasopressin (AVP) is secreted from the pos-
terior pituitary gland in response to high plasma osmo-
lality and in response to hypotension or circulatory
underfilling. AVP promotes water reabsorption from the
renal collecting duct and contributes to blood pressure
(BP) regulation through vasoconstriction. Measurement of
AVP is rather challenging due to its short half-life, and has,
therefore, been replaced by the measurement of the much
more stable Copeptin, released with AVP in a 1:1 fashion
from pre-pro-AVP. Copeptin is elevated and predicts out-
comes in patients with HF.®’

To explore the potential of Copeptin and MR-pro-ANP
in patients with CKD, we measured these novel markers
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PLAIN-LANGUAGE SUMMARY

A blood sample—based biomarker that indicates high
cardiovascular risk in a patient with kidney disease
would help to guide interventions and has the potential
to improve outcomes. In 4,417 patients of the German
Chronic Kidney Disease study, we assessed the rela-
tionship of Copeptin, pro-atrial natriuretic peptide, and
N-terminal pro-brain natriuretic peptide (NT-pro-BNP)
with important outcomes over a follow-up period of
6.5 years. NT-pro-BNP was strongly associated with all
of the 4 outcomes, including death unrelated to car-
diovascular disease, death because of cardiovascular
disease, a major cardiovascular event, and hospitaliza-
tion for heart failure. Copeptin was associated with
death unrelated to cardiovascular disease and hospital-
ization for heart failure. NT-pro-BNP and Copeptin are,
therefore, blood
sample—based strategy to identify patients with kidney
disease at high cardiovascular risk.

promising candidates for a

along with the established marker NT-pro-BNP in baseline
samples of the German Chronic Kidney Disease (GCKD)
study, a large prospective observational cohort study. We
examined the association of the 3 markers with kidney
function at baseline, and with non-CV death, CV death,
major adverse CV events (MACE), and hospitalization for
HF during a maximum observation period of 6.5 years.

METHODS

Study Design and Participants

The GCKD study is an ongoing prospective cohort study
including 5,217 patients with moderately severe CKD.
Details of the study design have been published.” In brief,
individuals aged 18-74 years were eligible if their esti-
mated glomerular filtration rate (eGFR) was between 30
and 60 mL/min/1.73 m* (stage G3, Al1-3) or if their
eGFR was > 60 mL/min/1.73 m” in the presence of overt
albuminuria (urinary albumin-creatinine ratio [UACR]
>300mg/g or equivalent; stage G1-2, A3). Exclusion
criteria were non-White ethnicity, solid organ or bone
marrow transplantation, active malignancy within 24
months before screening, HF New York Heart Association
Stage IV, legal guardianship, or inability to provide
informed consent. The GCKD study was registered in a
national database for clinical studies (Deutsches Register
fir Klinische Studien, DRKS 00003971), and was
approved by the ethics committees of all participating
centers. Written informed consent was obtained from each
study participant. Routine laboratory parameters presented
in this study were measured in central laboratories as re-
ported previously.” eGFR was calculated from serum
creatinine by the CKD-epidemiology collaboration for-
mula.'” Diabetes was defined by a prescription of

antidiabetic medication or HbAlc > 6.5%. Presence of HF
at baseline was assessed by medical history, ie, when the
patient was aware that HF had been diagnosed previously.
Preexisting CV disease (CVD) at baseline was defined as a
history of nonfatal myocardial infarction, coronary artery
bypass grafting, percutaneous transluminal coronary an-
gioplasty or stroke, and interventions at the carotid arteries
(carotid endarterectomy and/or carotid balloon angio-
plasty, or stent implantation).

Exposure

Copeptin (C-terminal pro-Vasopressin [CT-pro-AVP]) was
measured with an immunofluorescent assay in singlets
(Kryptor, BRAHMS) with a limit of detection of
0.41 pmol/] and a limit of quantitation of 1.23 pmol/l. An
intra-assay coefficient of variation (precision) and an
interassay coefficient of variation (repeatability) of <8%
and <10%, respectively, for Copeptin levels between 4 and
15 pmol/]l, and <4% and <5%, respectively, for levels
between 15 and 50 pmol/] have been reported. The 99th
percentile in healthy participants was 13.5 pmol/l.""

MR-pro-ANP was measured with an immunofluores-
cent assay in singlets (Kryptor, BRAHMS), with a limit of
detection of 2.1 pg/mlL, an intra-assay coefficient of vari-
ation (precision) and an interassay coefficient of variation
(repeatability) of <2.5% and <6.5%, respectively, in con-
centrations of 20-1000 pmol/l. The 97.5th percentile in
healthy participants was 85.2 pg/mL according to the
manufacturer’s package insert.

NT-pro-BNP was measured with an immunoassay in
singlets (Cobas, Roche Diagnostics, performed on an
Elecsys 2010 system) with a limit of detection of 5 pg/mL,
an intra-assay coefficient of variation (precision) of 4.6%
at 44 pg/ml, and an interassay coefficient of variation
(repeatability) of 1.9% at 64 pg/mL. The 97.5th percentile
in healthy participants aged 55-64 years was 263 pg/mL
according to the manufacturer’s package insert.

From a total of 5,217 patients enrolled into the GCKD
study, biomarker measurements of 475 (9.1%) patients
did not satisfy quality control and were excluded. Quality
controlled biomarker measurements together with
outcome data were available for 4,471 (85.7%) patients.
These data form the basis of the current analysis.

The biomarker measurements were performed at the
Institute of Clinical Chemistry and Laboratory Medicine at
the University Medicine Greifswald, Germany.

Outcome Assessment

Patients are interviewed yearly by trained personnel
alternating face-to-face and telephone visits. During these
encounters, data on any hospitalizations and clinical events
since the last visit are collected in a structured way. This
information is subsequently verified by obtaining hospital
discharge letters and out-patient letters from the treating
physician(s). A trained end point committee composed of
up to 4 independent physicians continually extracts out-
comes from these reports according to a prespecified end
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point catalogue.'” Information of deaths is also obtained
from death certificates of civil registry offices. For the
current analysis, outcomes were analyzed until 6.5 years
after the patients’ individual baseline visit. Therefore, the
maximum possible censoring time was 6.5 years. The end
points analyzed for the current study were as follows: (1)
non-CV death, (2) CV death (ie, death from myocardial
infarction, coronary artery disease; sudden cardiac death;
death because of other cardiac causes including decom-
pensated HF, pulmonary embolism, or cardiac valve dis-
ease; death because of a cerebrovascular event), (3) MACE
(a composite of nonfatal myocardial infarction or nonfatal
ischemic or hemorrhagic stroke, but excluding CV death),
and (4) hospitalization for HF.

Statistical Analysis

Copeptin, MR-pro-ANP, and NT-pro-BNP levels measured
in the baseline samples were categorized a priori according
to quintiles (Q1-Q5). Cox proportional hazards models
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non-CV death, CV death, MACE, and hospitalization for HF
during follow-up. The supremum test, including a correc-
tion for multiple comparisons by the Bonferroni-Holm
method, was used to examine the proportional hazards
assumption.'” If patients did not complete the 6.5 year
follow-up period, censoring was done at the time of the last
follow-up, ie, when participants left the study (did not want
to participate any more in follow-up visits) or were lost to
follow-up. The hazard estimates obtained from our models
were cause-specific because patients were censored at death
if it was not part of the outcome of interest.

The resulting hazard ratios (HRs) are presented with
95% confidence intervals (CI). For each of the outcomes,
we first examined univariable models with Copeptin, MR-
pro-ANP, and NT-pro-BNP alone, and then models only
adjusted for age and gender (model A). Subsequent
multivariable models were additionally adjusted for risk
factors selected based on clinical expertise of the authors,
including age, gender, body mass index (BMI), systolic BP,

were used to examine the associations of the 3 markers with  low-density lipoprotein (LDL) cholesterol, diabetes
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Figure 1. (A) shows the distribution of Copeptin levels (limit of detection [LOD] = 0.41 pmol/l, 99th percentile cut-off in healthy indi-
viduals = 13.5 pmol/l), (B) shows the distribution of MR-pro-ANP levels (LOD = 2.1 pmol/l, 97.56th percentile cut-off in healthy indi-
viduals = 85.2 pmol/l), and (C) shows the distribution of NT-pro-BNP levels (LOD =5 pg/mL, 97.5th percentile cut-off in healthy

individuals = 263 pg/mL).
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Table 1. Demographics and Clinical Parameters at Baseline Stratified by Copeptin Quintiles

Copeptin (pmol/I)

Total Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
Cohort (=4.7) (>4.7 - <8.1) (>8.1 - £13.2) (>13.2 - =21.4) (>21.4)
N (%) 4417 853 (19.3%) 879 (19.9%) 889 (20.1%) 896 (20.3%) 900 (20.4%)
Demographics
Age (y) 6112 59.0+12.3 59.7+12.4 61.2+10.8 61.7+10.5 62.0+11.3
Male 2,681 (61%) 295 (35%) 483 (55%) 566 (64%) 662 (74%) 675 (75%)
Regional Center
AA — Aachen 446 (10%) 72 (8%) 94 (11%) 81 (9%) 102 (11%) 97 (11%)
BE — Berlin 372 (8%) 67 (7%) 59 (7%) 68 (8%) 89 (10%) 89 (10%)
ER — Erlangen 801 (18%) 160 (19%) 173 (19%) 174 (19%) 149 (17%) 145 (16%)
FR — Freiburg 300 (7%) 50 (6%) 57 (6%) 72 (8%) 56 (6%) 65 (7%)
HA — Hannover 376 (9%) 89 (10%) 85 (10%) 59 (7%) 60 (7%) 83 (8%)
HE — Heidelberg 404 (9%) 90 (11%) 76 (9%) 76 (9%) 89 (10%) 73 (8%)
JE — Jena 575 (13%) 107 (13%) 96 (11%) 126 (14%) 126 (14%) 120 (13%)
MU — Miinchen 425 (10%) 99 (12%) 91 (10%) 89 (10%) 74 (8%) 72 (8%)
WU — Wiirzburg 718 (16%) 119 (14%) 148 (17%) 144 (16%) 151 (17%) 156 (17%)
Laboratory Measures
eGFR (mL/min per 1.73 m?) 49+17 59.8+19.2 53.6 + 18.6 482+ 155 451+12.6 378+ 11.1
UACR (mg/g) 47 (9-366) 18.4 (6.8-160.0) 376 (7.1-312.2) 45.3 (9.0-356.8) 64.8 (12.5-402.9) 96.9 (17.7-614.9)
hs-CRP (mg/dL) 2 (1-5) 1.8 (0.8-3.9) 2.1 (0.9-5.0) 2.3 (1.1-5.0) 2.6 (1.3-5.2) 2.8 (1.3-6.6)
LDL cholesterol (mg/dL) 113 (88-143) 121.2 (96.4-147.8) 116.6 (92.3-143.0) 113.5 (87.1-143.8) 109.2 (83.7-140.6) 104.0 (82.4-135.8)
HDL cholesterol (mg/dL) 48 (39-60) 56.0 (45.2-67.6) 49.5 (40.8-62.3) 479 (39.6-60.4) 45.5 (3687-55.7) 44.1 (36.6-54.0)
CVD Risk Factors
Systolic BP (mm Hg) 140 £ 21 1376 £ 19.5 139.9+19.9 140.4 £ 20.7 141.2+20.4 139.8+ 215
Diastolic BP (mm Hg) 79+12 79.8+10.8 799+ 111 795+ 121 7891120 774 £12.7
BMI (kg/m?) 30+6 28.2+5.1 295+5.7 30.4 £ 6.1 30.8+5.9 31.0+6.5
Diabetes 1,645 (37%) 169 (20%) 275 (31%) 344 (39%) 400 (45%) 457 (51%)
Previous CVD 1,180 (27%) 143 (17%) 206 (23%) 252 (28%) 256 (29%) 323 (86%)
Heart Failure 836 (19%) 107 (13%) 142 (16%) 152 (17%) 198 (22%) 237 (26%)

Smoking history
never
former
current

1,813 (41%)
1,918 (44%)
673 (15%)

439 (561%)
297 (35%)
116 (14%)

375 (43%)
383 (44%)
117 (13%)

344 (39%)
396 (45%)
146 (16%)

331 (37%)
417 (47%)
144 (16%)

324 (36%)
425 (47%)
150 (17%)

(Continued)
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mellitus, smoking, high-sensitive C-reactive protein (hs-
CRP), eGFR, UACR, preexisting CVD, history of HF, CV
medication (ie, use of statins, renin angiotensin inhibitors
(RASi), antiplatelet agents, B-blockers, and mineralocorti-
coid receptor antagonists), and study site as a possible
confounder (model B). The “final” multivariable models
additionally included the other 2 biomarkers (model C).
Results from overall Cox regression analyses are visualized
by plotting cumulative incidence functions for each of the
analyzed outcomes (derived from model A using the
Aalen-Johansen estimator).'”

All data were collected and managed using Askimed as a
cloud-based web platform (https://www.askimed.com).
Data extraction from Askimed was performed in February
2021. To this timepoint, 311 (5.9%) participants had
prematurely left the study, and 188 (2.3%) participants
had been lost to follow-up. All available data during their
active participation, however, were used for this analysis.
Two patients withdrew their study consent prohibiting use
of any data collected. The data file for the subgroup ana-
lyses is provided in Item S1.

Statistical analyses were performed with SAS 9.4 2002-
2012 by SAS Institute Inc.

RESULTS

Distribution of Copeptin, MR-pro-ANP, and NT-pro-
BNP Concentrations and Relationships with
Clinical Parameters

Fig 1A shows the distribution of Copeptin, MR-pro-ANP
(Fig 1B), and NT-pro-BNP (Fig 1C) serum concentra-
tions, respectively, together with information on limits
of detection and cut-offs in healthy participants. For
Copeptin, 39.2% of values were above the 99th
percentile of healthy participants. For MR-pro-ANP,
70.6% of values were >97.5th percentile, and it was
38.0% for NT-pro-BNP. Demographics, clinical charac-
teristics, and laboratory parameters according to
Copeptin levels are shown in Table 1. The respective data
for MR-pro-ANP and NT-pro-BNP quintiles are shown in
Tables S1 and S2. Fig 2 shows eGFR values according to
Copeptin (Fig 2A), MR-pro-ANP (Fig 2B), and NT-pro-
BNP (Fig 2C) quintiles.

Associations of Copeptin, MR-pro-ANP and NT-pro-
BNP with Outcomes

During a maximum follow-up of 6.5 years, 413 (%) non-
CV deaths, 179 (%) CV deaths, 519 (%) MACE, and 388
(%) hospitalizations for HF occurred. In Cox regression, the
supremum test did not indicate any deviation from the
proportional hazards assumption (results not shown).
Table 2 shows the HRs for the associations of quintiles of
Copeptin, MR-pro-ANP, and NT-pro-BNP with the out-
comes (lowest quintile as reference). We first entered either
Copeptin, MR-pro-ANP, or NT-pro-BNP into the unad-
justed models, then into age and gender adjusted model
(model A), and then into the adjusted model (model B). For
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Figure 2. Estimated glomerular filtration rate (eGFR) values according to quintiles of Copeptin (A), MR-pro-ANP (B), and NT-pro-

BNP (C).

all the 4 outcomes studied, the HRs for Copeptin and MR-
pro-ANP were lower than those for NT-pro-BNP.
Information on the HRs for all included variables of
models A and B are provided in supplementary Table S3
for Copeptin, in Table S4 for MR-pro-ANP, and in
Table S5 for NT-pro-BNP. As an example, Table S3 shows
that in the extensively adjusted model B for Copeptin, we
found that for the outcome non-CV death, independent
associations were found for age, previous diagnosis of HF,
diabetes, smoking, and statin use. For the outcome CV
death, independent associations were found for age,
gender, previous diagnosis of HF, diabetes, previous CVD,
and use of MR antagonists. For the outcome MACE, in-
dependent associations were found for age, gender, dia-
betes, previous CVD, and use of antiplatelet agents. For the
outcome hospitalizations for HF, independent associations
were found for age, previous diagnosis of heart failure,
BMI, diabetes, previous CVD, and use of beta-blockers.
Fig S1 shows the cumulative incidence functions of non-
CV death (panel A), CV death (B), MACE (C), and hospi-
talizations for HF (D) for quintiles of Copeptin. Similar

graphs were constructed for quintiles of MR-pro-ANP (Fig
S2) and for quintiles of NT-pro-BNP (Fig S3). In agree-
ment with the results of the Cox regression analyses, the
estimated incidence proportion increased more steeply with
increasing NT-pro-BNP levels compared with increasing
Copeptin or MR-pro-ANP levels for all outcomes studied.

When all the 3 markers were entered simultaneously
into the final adjusted models (last column in Table 2),
NT-pro-BNP remained associated with all of the outcomes.
From the 2 novel markers, only for Copeptin remained an
association of the highest versus lowest quintile with non-
CV death and hospitalizations for HF.

DISCUSSION

In this large prospective study of patients with moderately
severe CKD, we found the levels of Copeptin, MR-pro-ANP,
and NT-pro-BNP strongly associated with kidney function.
Thus, in this regard, there does not seem to be any
advantage for the novel markers Copeptin and MR-pro-ANP
as compared with NT-pro-BNP.

Kidney Med Vol 5 | Iss 11 | November 2023 | 100725
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Table 2. Association of Copeptin, MR-pro-ANP and NT-pro-BNP with Outcomes

Separate Models

Unadjusted

Adjusted Model A®

Adjusted Model B

Model incl. Copeptin + MR-
pro-ANP + NT-pro-BNP

Final Model C°

Noncardiovascular Death, 413/4417

Copeptin

MR-pro-ANP

NT-pro-BNP

HR per SD¢ increase
Q1
Q2
Q3
Q4
Q5

HR per SD? increase
Q1
Q2
Q3
Q4
Q5

HR per SD¢ increase
Q1
Q2
Qs
Q4
Q5

1.31 [1.25-1.38]
1 (ref.)

1.40 [0.91-2.17]
2.45 [1.65-3.63]
2.86 [1.95-4.21]
4.63 [3.20-6.69]

1.63 [1.55-1.73]
1 (ref.)

1.14 [0.71-1.82]
1.93 [1.26-2.95]
2.81 [1.88-4.20]
6.76 [4.65-9.84]

1.22 [1.19-1.26]

1 (ref.)

1.94 [1.16-3.25]
2.53 [1.55-4.15]
4.46 [2.81-7.09]
11.31 [7.28-17.58]

1.31 [1.24-1.39]
1 (ref)

1.27 [0.82-1.96]
2.10 [1.40-3.13]
2.35 [1.58-3.49]
3.70 [2.54-5.41]

1.51 [1.42-1.60]
1 (ref)

0.98 [0.62-1.58]
1.45 [0.94-2.23]
1.91 [1.26-2.89]
4.20 [2.84-6.20]

1.2 [1.16-1.24]

1 (ref)

1.67 [1.00-2.80]
2.06 [1.24-3.39]
3.35 [2.10-5.38]
7.59 [4.82-11.96]

1.19 [1.08-1.32]
1 (ref)

1.02 [0.64-1.64]
1.58 [1.02-2.44]
1.53 [0.98-2.37]
2.01 [1.30-3.14]

1.41 [1.30-1.52]
1 (ref)

0.87 [0.54-1.42]
1.14 [0.72-1.80]
1.47 [0.94-2.28]
2.72 [1.76-4.20]

1.14 [1.08-1.19]
1 (ref)

1.80 [1.02-3.16]
2.11 [1.22-3.66]
2.99 [1.76-5.07]
5.73 [3.38-9.68]

1.10 [1.00-1.22]
1 (ref)

0.97 [0.60-1.55]
1.45 [0.94-2.23]
1.36 [0.88-2.11]
1.62 [1.04-2.54]

1.40 [1.24-1.57]
1 (ref)

0.72 [0.44-1.18]
0.75 [0.46-1.23]
0.82 [0.50-1.34]
1.08 [0.64-1.79]

0.99 [0.92-1.07]
1 (ref)

1.94 [1.08-3.48]
2.24 [1.22-4.08]
2.92 [1.60-5.31]
4.78 [2.58-8.87]

Cardiovascular Death, 179/4417

Copeptin

MR-pro-ANP

HR per SD® increase
Qi
Q2
Q3
Q4
Q5

HR per SD¢ increase
Q1
Q2
Q3
Q4
Q5

1.38 [1.30-1.48]
1 (ref.)

2.75 [1.22-6.17]
3.24 [1.47-7.15]
5.11 [2.39-10.92]

11.55 [5.59-23.87]

1.83 [1.70-1.96]
1 (ref.)

1.34 [0.60-3.03]
2.12 [1.01-4.49]
2.84 [1.38-5.83]

12.10 [6.32-23.16]

1.39 [1.28-1.49]
1 (ref)

2.29 [1.02-5.17]
2.49 [1.12-5.54]
3.68 [1.70-7.95]
8.08 [3.86-16.87]

1.68 [1.56-1.82]
1 (ref)

1.17 [0.52-2.65]
1.62 [0.76-3.44]
1.92 [0.92-3.99]
7.30 [3.74-14.24]

1.29 [1.12-1.48]
1 (ref)

1.31 [0.56-3.02]
1.31 [0.58-2.98]
1.94 [0.88-4.30]
2.91 [1.32-6.44]

1.54 [1.38-1.71]
1 (ref)

1.14 [0.50-2.57]
1.26 [0.60-2.71]
1.13 [0.52-2.42]
3.70 [1.82-7.51]

1.14 [0.98-1.31]
1 (ref)

1.11 [0.48-2.59]
1.21 [0.52-2.76]
1.60 [0.72-3.57]
2.10 [0.94-4.71]

1.33 [1.14-1.55]
1 (ref)

1.09 [0.48-2.51]
1.07 [0.46-2.46]
0.72 [0.30-1.68]
1.22 [0.54-2.80]

(Continued)
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Table 2 (Cont'd). Association of Copeptin, MR-pro-ANP and NT-pro-BNP with Outcomes

Separate Models

Unadjusted

Adjusted Model A®

Adjusted Model B

Model incl. Copeptin + MR-
pro-ANP + NT-pro-BNP

Final Model C°

NT-pro-BNP

HR per SD¢ increase
Q1
Q2
Q3
Q4
Q5

1.29 [1.25-1.33]
1 (ref.)

1.36 [0.57-3.24]
1.13 [0.46-2.78]
3.30 [1.56-6.98]

16.73 [8.49-32.95]

1.28 [1.24-1.32]
1 (ref)

1.19 [0.50-2.85]
0.94 [0.38-2.34]
2.56 [1.20-5.48]

11.26 [5.60-22.69]

1.25 [1.18-1.32]
1 (ref)

0.98 [0.40-2.35]
0.66 [0.26-1.67]
1.44 [0.66-3.18]
4.99 [2.36-10.53]

1.12 [1.08-1.23]

1 (ref)

0.99 [0.40-2.47]

0.69 [0.26-1.87]

1.53 [0.62-3.76]

4,25 [1.70-10.55]

Major Adverse Cardiovascular Event, 519/4417

Copeptin

MR-pro-ANP

NT-pro-BNP

HR per SD" increase
Q1
Q2
Qs
Q4
Q5

HR per SD¢ increase
Q1
Q2
Qa3
Q4
Q5

HR per SD¢ increase
Q1
Q2
Q3
Q4
Q5

1.27 [1.21-1.34]
1 (ref)

1.52 [1.08-2.14]
1.62 [1.15-2.26]
2.41 [1.75-3.30]
3.46 [2.55-4.69]

1.53 [1.44-1.62]
1 (ref.)

1.01 [0.70-1.45]
1.78 [1.28-2.47]
2.06 [1.50-2.85]
4,21 [3.12-5.68]

1.25 [1.22-1.29]
1 (ref)

1.38 [0.94-2.03]
1.62 [1.12-2.35]
2.938 [2.09-4.11]
6.07 [4.41-8.36]

1.24 [1.16-1.32]
1 (ref)

1.31 [0.94-1.85]
1.29 [0.92-1.82]
1.81 [1.30-2.51]
2.54 [1.86-3.48]

1.4 [1.32-1.49]
1 (ref)

0.91 [0.62-1.31]
1.44 [1.04-2.02]
1.51 [1.08-2.11]
2.83 [2.08-3.88]

1.23 [1.2-1.27]
1 (ref)

1.27 [0.86-1.87]
1.45 [1.00-2.11]
2.45 [1.72-3.47]
456 [3.26-6.36]

1.10 [1.00-1.21]
1 (ref)

1.05 [0.74-1.51]
0.90 [0.62-1.29]
1.28 [0.90-1.83]
1.39 [0.96-2.01]

1.25 [1.16-1.36]
1 (ref)

0.80 [0.54-1.17]
1.15 [0.80-1.63]
1.00 [0.70-1.43]
1.66 [1.16-2.36]

1.17 [1.12-1.23]
1 (ref)

1.08 [0.72-1.60]
1.09 [0.74-1.61]
1.61 [1.10-2.33]
2.56 [1.76-3.72]

1.04 [0.96-1.15]
1 (ref)

1.01 [0.70-1.486]
0.87 [0.60-1.26]
1.21 [0.86-1.73]
1.23 [0.86-1.79]

1.11 [1.00-1.24]
1 (ref)

0.77 [0.52-1.13]
0.99 [0.68-1.46]
0.72 [0.48-1.08]
0.87 [0.56-1.34]

1.12 [1.04-1.20]
1 (ref)

1.10 [0.72-1.67]
1.14 [0.74-1.76]
1.71 [1.12-2.62]
2.58 [1.62-4.10]

Hospitalization for Heart Failure, 388/4417

Copeptin

HR per SD® increase
Q1
Q2
(0K
Q4
Q5

1.33 [1.27-1.40]
1 (ref.)

1.563 [0.97-2.41]
2.53 [1.67-3.83]
2.99 [1.99-4.51]
5.53 [3.75-8.16]

1.35 [1.28-1.43]
1 (ref)

1.42 [0.90-2.25]
2.27 [1.48-3.47]
2.60 [1.72-3.95]
4,72 [3.18-7.02]

1.3 [1.18-1.43]
1 (ref)

1.06 [0.66-1.72]
1.47 [0.94-2.32]
1.56 [0.98-2.46]
2.36 [1.50-3.74]

1.12 [1.02-1.24]
1 (ref)

0.96 [0.60-1.56]
1.27 [0.80-2.01]
1.29 [0.82-2.05]
1.73 [1.08-2.75]

(Continued)
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Table 2 (Cont'd). Association of Copeptin, MR-pro-ANP and NT-pro-BNP with Outcomes

Model incl. Copeptin + MR-

Separate Models pro-ANP + NT-pro-BNP

Unadjusted

Adjusted Model A®

Adjusted Model B

Final Model C°

MR-pro-ANP

NT-pro-BNP

HR per SD¢ increase
Q1
Q2
Qs
Q4
Q5

HR per SD¢ increase
Q1
Q2
Q3
Q4
Q5

1.81 [1.71-1.92]

1 (ref)

1.25 [0.70-2.24]
3.01 [1.81-4.98]
456 [2.81-7.40]
12.34 [7.78-19.56]

1.40 [1.35-1.45]

1 (ref.)

2.78 [1.35-5.75]
4.03 [2.01-8.07]
10.06 [5.24-19.31]
31.69 [16.81-59.74]

1.68 [1.58-1.79]
1 (ref)

1.08 [0.60-1.93]
2.25 [1.36-3.76]
3.11 [1.90-5.09]
7.77 [4.84-12.48]

1.38 [1.32-1.42]

1 (ref)

2.40 [1.16-4.97]
3.30 [1.64-6.63]
7.66 [3.96-14.81]
21.96 [11.52-41.82]

1.58 [1.46-1.71]
1 (ref)

1.23 [0.68-2.25]
2.08 [1.20-3.60]
2.74 [1.60-4.69]
6.03 [3.54-10.28]

1.32 [1.26-1.37]
1 (ref)

1.87 [0.90-3.94]
2.58 [1.26-5.26]
5.21 [2.64-10.25]
12.72 [6.5-24.88]

1.33 [1.18-1.49]
1 (ref)

1.03 [0.56-1.91]
1.22 [0.68-2.20]
1.20 [0.66-2.14]
1.51 [0.84-2.75]

1.16 [1.08-1.25]

1 (ref)

1.74 [0.80-3.76]

2.23 [1.04-4.80]

4,27 [2.02-8.99]

9.03 [4.22-19.33]

Note: Results are presented as hazard ratios with 95% confidence intervals given in parentheses.

Abbreviations: MR-pro-ANP, Midrange pro-atrial natriuretic peptide; NT-pro-BNP, N-terminal pro-brain natriuretic peptide; SD, standard deviation; HR, hazard ratio; eGFR, estimated glomerular filtration rate; UACR, urinary albumin
excretion rate; hs-CRP, high-sensitive C-reactive protein; LDL, low-density lipoprotein; HDL, high density lipoprotein; BP, blood pressure; BMI, body mass index; CVD, cardiovascular disease; RASI, renin angiotensin system
inhibitor; MRA, mineralocorticoid receptor antagonist.

2Model A: all models adjusted for age and gender.

®Model B: All models adjusted for age, gender, BMI, systolic BP, LDL cholesterol, diabetes, eGFR, UACR, smoking, hs-CRP, preexisting CVD, history of heart failure, CV medication (ie, use of statins, RASI, antiplatelet agents,
beta-blockers, and MRA) and regional center.

°SD for Copeptin 11.7 pmol/I (whole population).

4SD for MR-pro-ANP 109.04 pmol/l (whole population).

°SD for NT-pro-BNP 1073.4 pg/mL (whole population).
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Further, all the 3 markers were associated with non-CV
death, CV death, MACE, and hospitalizations for HF when
considered individually. This was even the fact when the
models were adjusted for a wide spectrum of established
risk factors. When all the 3 markers were considered
together in the models, only NT-pro-BNP remained sig-
nificant for each end point. This confirms previous reports
that NT-pro-BNP is strongly associated with outcomes in
patients with CKD.”* From the 2 novel markers, Copeptin
remained independently associated with non-CV death and
hospitalizations for HF.

The observed association of Copeptin with non-CV
events may be explained by detection of non-cardiac
causes of circulatory "underfilling,” such as liver dis-
ease. Notably, stress has been demonstrated to cause
release of AVP or Copeptin, '* and, therefore, either stress
itself, or medical conditions related with stress, could
have contributed to the association of Copeptin with
non-CV events. However, HF is not only associated with
CV events, but also with an increased risk of non-CV
events.'® Therefore, the detection of HF may have also
contributed to the observed association between
Copeptin and non-CV event rates. Finally, the indepen-
dence of the association of Copeptin with hospitaliza-
tions for HF from MR-pro-ANP and NT-pro-BNP may be
explained by the differential mechanisms that cause
release of Copeptin (mainly circulatory underfilling)
versus those that cause release of natriuretic peptides
(atrial and ventricular “overfilling”).

A previous study has demonstrated an association of
Copeptin levels with medium-term mortality in patients
with CKD and coronary artery disease.'” Further, in pa-
tients with CKD including those on hemodialysis,
Copeptin levels were shown to be associated with CV and
other outcomes.'*'” However, natriuretic peptides were
not measured in any of those studies. Our current data
suggest that Copeptin levels might be useful for risk
assessment in patients with CKD even independently of
natriuretic peptides. Patients identified to be at high risk
by such a biomarker-based strategy could benefit from
further diagnostic investigations and from novel therapies
including sodium-dependent glucose transporter-2 in-
hibitors or nonsteroidal mineralocorticoid receptor an-
tagonists (MRA), which have shown to provide improved
protection from kidney and CV events.”’ *”

Our study has several limitations and strengths. Limi-
tations include the availability of biomarker measurements
only from the baseline examination and that our findings
may not be generalizable to other ethnicities. Further, we
report only on associations. As a next step, prognostic
studies should be performed, ideally including indepen-
dent cohorts for validation. Particular strengths are the
large sample size, the ability to adjust for a large number of
relevant risk factors, and the central adjudication of
outcomes.

In conclusion, we showed that Copeptin, MR-pro-ANP,
and NT-pro-BNP are all associated with outcomes in

10

patients with CKD, even when analyses are adjusted
extensively for other risk factors. NT-pro-BNP out-
performed the 2 other markers for all end points investi-
gated. However, Copeptin demonstrated associations with
non-CV death and hospitalization for HF independently of
NT-pro-BNP levels, and should therefore be evaluated
further for its value in the risk assessment of patients with
CKD.
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