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Background: Serum copeptin has been demonstrated to be useful in early risk stratification and prognostication of patients with acute myocardial infarction (AMI). However, the
prognostic value of copeptin after percutaneous coronary intervention (PCI) for clinical
outcomes remains uncertain. We investigated the prognostic role of serum copeptin levels
immediately after successful PCI as a prognostic marker for major adverse cardiac events
(MACE; comprising death, repeat PCI, recurrent MI, or coronary artery bypass grafting) in
patients with AMI.
Methods: A retrospective study was performed in 149 patients with AMI who successfully
received PCI. Serum copeptin levels were analyzed in blood samples collected immediately after PCI. The association between copeptin levels and MACE during the follow-up
period was evaluated.
Results: MACE occurred in 34 (22.8%) patients during a median follow-up of 30.1
months. MACE patients had higher copeptin levels than non-MACE patients did. Multiple
logistic regression analysis showed that the increase in serum copeptin levels was associated with increased MACE incidence (odds ratio = 1.6, P = 0.005).
Conclusions: A high level of serum copeptin measured immediately after PCI was associated with MACE in patients with AMI during long-term follow-up. Serum copeptin levels
can serve as a prognostic marker in patients with AMI after successful PCI.
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INTRODUCTION
Coronary artery disease remains a progressive disease after successful percutaneous coronary intervention (PCI) and stent im-
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plantation; it can progress up to three to five years after PCI [1,
2]. Therefore, accurate management decisions with comprehensive evaluation may improve the outcomes of high-risk patients. Periprocedural myocardial infarction (MI) or even a small
https://doi.org/10.3343/alm.2018.38.6.538
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increase in cardiac biomarker levels such as troponin or creatine kinase–myocardial band (CK-MB) fraction after PCI is associated with a significantly higher risk of late mortality [3-5].
Copeptin, a novel marker of arginine-vasopressin (AVP) activity, is an antidiuretic hypothalamo-pituitary hormone mainly regulated by changes in plasma osmolality, blood volume, and
blood pressure via three AVP receptors [6, 7]. The V1a receptor
mediates vasoconstriction and platelet aggregation in blood vessels, as well as glycogenolysis and gluconeogenesis in the liver.
The V1b receptor is expressed in the anterior hypophysis and in
the Langerhans islets of the pancreas, where it mediates the secretion of adrenocorticotrophic hormone, insulin, and glucagon.
AVP exerts various effects on the kidneys, such as an antidiuretic effect, by stimulating the V2 receptor. Copeptin is the Cterminal section of pro-AVP [8]; thus, copeptin mirrors AVP release because it is cleaved from pro-AVP in equimolar amounts.
Most assays measuring AVP levels have relatively limited sensitivity because AVP is a small and short-lived peptide. Recently,
an assay has been developed to measure blood copeptin, which
is more stable and easier to measure than AVP [9]. The physiological function of copeptin has long remained unknown. Recently, many studies have shown that blood copeptin levels are
associated with adverse clinical outcomes in various vascular
diseases including acute MI (AMI), heart failure, and stroke [1012]. However, the prognostic value of blood copeptin levels after
PCI for clinical outcomes remains uncertain. Therefore, we
aimed to investigate the association between blood copeptin
levels immediately after successful PCI and the incidence of
major adverse cardiac events (MACE) in patients with AMI.

METHODS
1. Study population
A retrospective study was performed for 149 patients, including
37 (24.9%) female patients, with AMI who successfully received
PCI with or without coronary stenting between February 2013
and December 2014 at Chonnam National University Hospital,
Gwangju, Korea. Patients were followed up by visits to the outpatient department or via telephone contact. Data on clinical
characteristics, laboratory characteristics, and procedural findings for patients with and without MACE were obtained through
a retrospective review of clinical records. The median follow-up
duration was 30.1 months (interquartile range [IQR], 22.9–36.8
months). The median age was 67 years. Complete blood counts
(CBC), glucose, creatinine, and high-sensitivity C-reactive protein (hsCRP) levels were measured at the time of admission.
https://doi.org/10.3343/alm.2018.38.6.538

Lipid profiles were obtained after at least 9 hours of fasting within
24 hours of hospitalization. All parameters were measured using an automated chemistry analyzer (AU5832, Beckman Coulter Inc., Brea, CA, USA), except for CBC, which were analyzed
using the XE-2100 system (Sysmex Corp., Kobe, Japan). Patients received a loading dose of 300 mg aspirin and other antiplatelet medication (600 mg clopidogrel, 60 mg prasugrel, or
180 mg ticagrelor) prior to PCI. Unfractionated heparin (50–70
U/kg) was administered prior to or during PCI to maintain an
activated clotting time of 250–300 seconds. After PCI, 100–300
mg aspirin and 75 mg clopidogrel (10 mg prasugrel or 180 mg
ticagrelor) were prescribed daily as a maintenance dose. This
study was conducted in accordance with the Declaration of Helsinki and approved by the ethics committee of Chonnam National University Hospital, Gwangju, Korea. We used serum samples that were already collected in another prospective registry
of our institution (IRB number: CNUH-2016-048). The requirement for informed consent was waived because of the retrospective nature of the current study.

2. Serum copeptin measurement
Blood samples were obtained from 149 patients immediately after successful PCI and collected in serum-separating tubes
(Becton Dickinson, Franklin Lakes, NJ, USA). All samples were
immediately centrifuged at 2,465 g for 10 minutes at room temperature (20–25°C) and processed according to a standardized
operating procedure [13]. Serum samples were stored at -80°C
until analyzed. Copeptin levels were measured using a time-resolved amplified cryptate emission immunoassay (Thermo
Fisher Scientific Clinical Diagnostics BRAHMS GmbH, Hennigsdorf, Germany). This assay had a limit of detection of 0.9 pmol/
L and a functional sensitivity of 1.9 pmol/L, assessed as an interassay precision of 20%. Intra- and inter-assay precision was
2.9% and 2.4%, respectively, at low-level quality control and 2%
and 2.2%, respectively, at high-level quality control. The measuring range with automatic dilution was 1.9–2,000 pmol/L.
For reference interval verification of serum copeptin levels,
206 healthy controls (109 males and 97 females) aged 35–87
years were selected among the people who visited the Health
Promotion Center; these controls had normal routine laboratory
parameters such as renal and liver function tests.

3. Study definitions and endpoints
ST-segment elevation MI (STEMI) and non-STEMI (NSTEMI) diagnoses were based on the third universal definition of MI [14];
diagnoses were made by at least two interventional cardiologists
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at our institution. STEMI diagnosis was also based on recent
guidelines for the management of STEMI, with a 12-lead electrocardiogram evaluating infarct-related arteries as determined
by coronary angiography with increased cardiac-specific biomarkers such as troponin-I (TnI) [15]. Baseline left ventricular
ejection fraction was measured by two-dimensional echocardiography prior to or immediately after PCI. The extent of coronary blood flow prior to and post PCI was graded using thrombolysis in MI (TIMI) flow grade. Complexity of coronary lesions
was based on the definitions of the American College of Cardiology/American Heart Association [16, 17]. Multivessel disease
was defined as coronary lesions associated with 50% or more
stenosis in at least two coronary arteries, including the culprit
artery, by quantitative coronary analysis. The culprit vessel was
determined by 12-lead electrocardiogram and coronary angiography in STEMI. For NSTEMI, the culprit vessel was determined
by coronary angiography. Coronary stenting was performed for
individual patients at the discretion of the operators.
The study endpoint was MACE, a term that comprises allcause death, any repeat PCI, recurrent MI, and coronary artery
bypass graft. Nonfatal recurrent MI was defined as the development of recurrent angina symptoms accompanied by changes
in 12-lead electrocardiogram or increased levels of cardiac-specific biomarkers. Repeat PCI included target lesion revascularization, target vessel revascularization, and non-target vessel revascularization [18].

ences were assessed with a log-rank test.
All analyses were two-tailed and performed using SPSS for
Windows ver. 23.0 (SPSS Inc., Chicago, IL, USA). P < 0.05 was
considered statistically significant.

Table 1. Demographic, clinical, and procedural characteristics of
patients with and without MACE

All patients
(N = 149)
Age (yr)

MACE
No
(N = 115)

Yes
(N = 34)

P

67 (36–89) 63 (36–89) 75 (43–89) 0.001

Male gender, N (%)

112 (75.2)

87 (75.7)

25 (73.5)

0.823

Body mass index (kg/m )

23.7 ± 3.4

24.0 ± 3.2

22.7 ± 3.9

0.041

Diabetes mellitus, N (%)

46 (30.9)

30 (26.1)

16 (47.1)

0.023

Hypertension, N (%)

77 (51.7)

56 (48.7)

21 (61.8)

0.241

Current or ex-smoking, N (%)

79 (53.0)

60 (52.2)

19 (55.9)

0.703

Dyslipidemia, N (%)

14 (9.4)

13 (11.3)

1 (2.9)

0.191

Chronic kidney disease, N (%)

7 (4.7)

4 (3.5)

3 (8.8)

0.195

Old CVA, N (%)

6 (4.0)

5 (4.3)

1 (2.9)

0.714

Previous MI, N (%)

6 (4.0)

3 (2.6)

3 (8.8)

0.132

2

Previous PCI, N (%)

9 (6.0)

4 (3.5)

5 (14.7)

0.029

STEMI, N (%)

40 (26.8)

31 (27.0)

9 (26.5)

0.955

Left ventricular EF (%)

54.9 ± 11.8 55.8 ± 11.8 51.8 ± 11.1 0.081

Medications at discharge, N (%)
Beta-blocker

127 (85.2)

102 (88.7)

25 (73.5)

0.029

4. Statistical analysis

ACEi or ARB

140 (93.9)

107 (93.0)

33 (97.1)

0.685

Continuous variables were presented as mean ± SD or as median with interquartile range (IQR). These were compared using
the unpaired t-test or Mann-Whitney rank-sum test. Discrete
variables were expressed as counts with percentages and were
analyzed using Pearson’s chi-squared test or Fisher’s exact test.
As copeptin levels exhibited a right-skewed distribution, data
were subjected to a natural log transformation for statistical analysis. Multivariate logistic regression analysis was used to estimate predictors of MACE occurrence. The following variables
with P < 0.05 in univariate logistic regression were included in
multivariate analysis: age, sex, diabetes mellitus, body mass index, previous history of PCI, use of beta-blocker at discharge,
log-transformed copeptin (lnCopeptin), white blood cell counts,
hemoglobin, low density lipoprotein cholesterol (LDL-C), high
density lipoprotein cholesterol (HDL-C), and hsCRP. All patients
were divided equally into three groups according to copeptin
levels. Kaplan-Meier curves were constructed to illustrate MACE
incidence over time according to copeptin level tertiles. Differ-

Statin

144 (96.6)

112 (97.4)

32 (94.1)

0.321

72 (48.3)

52 (45.2)

20 (58.8)

0.163
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Multivessel disease, N (%)
Culprit vessel, N (%)
Left main

7 (4.7)

4 (3.5)

3 (8.8)

0.195

LAD

68 (45.6)

55 (47.8)

13 (38.2)

0.324

LCX

27 (18.1)

21 (18.3)

6 (17.6)

0.935

RCA

47 (31.5)

35 (30.4)

12 (35.3)

0.592

B2 or C lesion, N (%)

128 (85.9)

98 (85.2)

30 (88.2)

0.784

Pre TIMI flow 0, N (%)

51 (34.2)

42 (36.5)

9 (27.3)

0.727

Coronary stenting, N (%)

141 (94.6)

110 (95.7)

31 (91.2)

0.384

Post TIMI flow 3, N (%)

146 (98.0)

113 (98.3)

33 (97.1)

0.543

1.4 ± 0.7

1.4 ± 0.7

1.4 ± 0.7

0.743

Total stent number

Data are presented as median (range), mean ± SD or N (%).
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-II receptor blocker; CVA, cardiovascular accident; EF, ejection fraction; LAD, left anterior descending; LCX, left circumflex; MACE, major adverse cardiac events; MI, myocardial infarction; PCI, percutaneous coronary
intervention; RCA, right coronary artery; STEMI, ST-segment elevation MI.
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RESULTS

CK-MB) and serum creatinine were similar in both groups.

1. Clinical, laboratory, and procedural characteristics

2. Serum copeptin levels

Patients’ demographic and clinical characteristics are presented
in Table 1. Age was significantly higher in MACE patients (N =
34) than in non-MACE patients (N = 115), and a higher percentage of MACE patients had type 2 diabetes mellitus and a history
of PCI. However, body mass index was higher in non-MACE patients than in MACE patients. In addition, fewer MACE patients
than non-MACE patients received beta-blockers as a discharge
medication. However, there were no significant differences in
atherosclerotic risk factors such as hypertension, smoking, or
dyslipidemia. Further, there were no significant differences in
the prevalence of multivessel disease, distribution of culprit vessels, lesion complexity, procedural success rate, mean implanted stent number, or coronary stent implantation between
MACE and non-MACE patients.
The laboratory characteristics of all 149 patients are presented
in Table 2. MACE patients had higher serum copeptin levels
(P = 0.020), hsCRP (P = 0.019), serum glucose levels (P = 0.007),
and WBC count (P = 0.013) and lower serum LDL-C levels (P =
0.002) and hemoglobin (P = 0.007) than non-MACE patients.
lnCopeptin was also higher (P = 0.011) in MACE patients than in
non-MACE patients. Peak levels of cardiac enzyme (TnI and

The median copeptin level of all 206 healthy controls was 2.9
pmol/L. The 97.5th percentile copeptin level of the healthy control group was 9.6 pmol/L, and the 2.5th percentile was 0.9
pmol/L. The median copeptin level was higher in men than in
women (men, 3.4 pmol/L; women, 2.3 pmol/L). The median copeptin level in the patient group was higher than in the healthy
control group (11.5 pmol/L vs 2.9 pmol/L). Patients with STEMI
had higher copeptin levels than NSTEMI patients (65.6 pmol/L
vs 10.0 pmol/L; Fig. 1).

3. Independent predictors of MACE occurrence
Overall, 34 (22.8%) patients experienced MACE during a median follow-up period of 30.1 months (IQR, 22.9–36.8 months).
Multiple logistic regression analysis demonstrated that an approximate 2.72-fold increase in copeptin levels was associated
with increased MACE (odds ratio, 1.6; 95% confidence interval,
1.15–2.20; P = 0.005) after adjusting the following confounders:
age, sex, diabetes mellitus, body mass index, previous history of
PCI, use of beta-blocker at discharge, lnCopeptin, white blood
cell counts, hemoglobin, LDL-C, HDL-C, and hsCRP (Table 3).

Table 2. Laboratory characteristics of patients with and without MACE

MACE

All patients
(N = 149)

No (N = 115)

Yes (N = 34)

Arithmetic mean

72.7 ± 213.4

40.7 ± 95.4

180.6 ± 396.6

0.049

Logarithmic mean

15.7 ± 4.7

12.8 ± 3.9

32.0 ± 6.6

0.011

P

Copeptin (pmol/L)

Median (IQR)
WBC count ( × 109/L)
Hemoglobin (g/L)
Platelet count ( × 10 /L)

11.5 (5.2–29.8)

11.1 (4.9–22.0)

9.8 ± 4.0

9.2 ± 3.2

20.6 (6.9–141.5)
11.8 ± 5.7

0.020
0.013

130.4 ± 20.1

130.7 ± 20.0

120.6 ± 10.9

0.007

227.5 ± 61.9

226.5 ± 54.2

230.9 ± 83.6

0.773

Creatinine (µmol/L)

88 ± 106

80 ± 71

124 ± 177

0.168

Glucose (mmol/L)

8.7 ± 3.7

8.1 ± 2.9

10.7 ± 5.1

0.007

Peak level of TnI (µg/L)

30.2 ± 52.7

25.2 ± 46.0

47.1 ± 69.1

0.089

Peak level of CK-MB (µg/L)

53.1 ± 81.1

47.3 ± 70.0

72.2 ± 109.1

0.216

LDL-C (mmol/L)

2.85 ± 0.85

2.97 ± 0.79

2.44 ± 0.95

0.002

HDL-C (mmol/L)

1.03 ± 0.26

1.03 ± 0.27

1.03 ± 0.25

0.917

1.6 ± 3.6

0.9 ± 1.8

4.1 ± 6.6

0.019

9

hsCRP (mg/L)

Data are presented as mean ± SD or median (interquartile range [IQR]).
Abbreviations: CK-MB, creatine kinase-myocardial band isoenzyme; hsCRP, high-sensitivity C-reactive protein; HDL-C, high density lipoprotein cholesterol;
LDL-C, low density lipoprotein cholesterol; MACE, major adverse cardiac events; TnI, troponin I; WBC, white blood cell.
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P < 0.001

Copeptin tertiles

P < 0.001
1,500

0.8
MACE occurrence rate

500
100
Copeptin (pmol/L)

1st tertile ( < 6.6 pmol/L, N = 50)
2nd tertile (6.6–19.4 pmol/L, N = 50)
3rd tertile ( > 19.4 pmol/L, N = 49)
1st tertile-censored
2nd tertile-censored
3rd tertile-censored

1.0

80
60
40

0.6
Log-rank P < 0.05
0.4
0.2

20
0

0
HC (N = 206)

NSTEMI (N = 109)

STEMI (N = 40)

Fig. 1. Copeptin levels in healthy controls and patients with STEMI
or NSTEMI obtained immediately after successful PCI. Copeptin
levels were higher in patients with STEMI than in patients with
NSTEMI. Each box plot shows the median (horizontal line within
each box) with the third quartile (upper border) and first quartile
(lower border).
*P < 0.001.
Abbreviations: HC, healthy controls; STEMI, ST-segment elevation myocardial infarction.

Table 3. Predictors of MACE by multivariate analysis

Odds ratio

95% confidence interval

P

lnCopeptin (pmol/L)

1.592

1.150–2.204

0.005

Age (yr)

1.050

1.001–1.102

0.044

Previous PCI

5.530

1.005–30.417

0.049

hsCRP (mg/L)

1.144

0.982–1.332

0.084

Diabetes mellitus

3.487

1.217–9.993

0.020

Abbreviations: hsCRP, high-sensitivity C-reactive protein; MACE, major adverse cardiac events; PCI, percutaneous coronary intervention.

4. Survival analysis
The MACE occurrence among the patients in copeptin level tertiles is shown in Fig. 2. There was a statistically significant separation among the estimated Kaplan-Meier survival curves of the
copeptin tertiles (P = 0.045, log-rank test). Serum copeptin levels were associated with MACE in a dose-dependent manner.

DISCUSSION
We demonstrated that serum copeptin levels were higher in
STEMI or NSTEMI patients after PCI than in healthy controls,
MACE patients showed higher serum copeptin levels than nonMACE patients, and high serum copeptin levels were associated
with increased risk of MACE in patients with AMI during longterm follow-up.
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Fig. 2. Kaplan-Meier curves for MACE according to copeptin level
tertiles obtained immediately after successful percutaneous coronary intervention.
Abbreviation: MACE, major adverse cardiac events.

A previous study reported that copeptin levels are higher in
STEMI patients than in NSTEMI patients at presentation to the
emergency department [19]. The main reason is the difference
in peak time of copeptin level between STEMI and NSTEMI
[20]. Peak copeptin levels are detected during ambulance
transport in NSTEMI patients and at admission in STEMI patients [20]. In the current study, blood sampling for copeptin
measurement was performed immediately after PCI, and all
STEMI patients received primary PCI within 90 minutes of admission, unlike the NSTEMI patients, whose PCI time varied.
Therefore, copeptin levels might be higher in STEMI patients.
Copeptin is a prognostic marker of various cardiovascular diseases [21-27]. High copeptin levels predict poorer long-term
clinical outcomes in patients with AMI and are associated with
the development of ischemic heart failure after AMI [21-23].
High copeptin levels are also related to worse clinical outcomes
in patients who underwent cardiovascular surgery, cerebrovascular accidents, and those who survived after cardiac arrest
[24-27]. Furthermore, PCI can cause additional vessel injury or
ischemia/reperfusion injury in AMI [28]; thus, it may cause
more stress to patients with AMI. As a result, periprocedural MI
or ischemic heart failure can develop despite good recanalization of diseased coronary arteries [29]. In the current study, copeptin levels obtained immediately after PCI predicted longterm MACE in AMI patients in a dose-dependent manner. This
finding suggests that AMI patients with higher copeptin levels
after successful PCI are more prone to develop future cardiohttps://doi.org/10.3343/alm.2018.38.6.538

Choi HJ, et al.
Prognostic value of copeptin in AMI

vascular events than are those with lower copeptin levels.
The current study had some limitations. First, it was a retrospective, single-center study with a relatively small number of
patients. Second, copeptin levels were not examined serially
during hospitalization. Third, symptom or admission-to-balloon
time was not considered for the study population. As copeptin
levels rapidly decrease after symptom onset, the time interval
between symptom onset and balloon might be associated with
measured copeptin levels. Finally, the possibility of residual confounders, due to the presence of unmeasured confounders or
measurement errors in the included factors, cannot be ruled
out completely.
In conclusion, high copeptin levels measured immediately after successful PCI were associated with MACE in patients with
AMI during long-term clinical follow-up. Our results strongly indicate that serum copeptin levels can serve as a prognostic
marker for risk stratification in patients with AMI after successful
PCI.
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