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A CENTRAL PART IN EVALUA-
tion of elderly patients with
symptoms of heart failure is
to identify simple tools that

can aid the clinician in identifying high-
risk and low-risk patients. Combining
a biomarker produced locally in the
myocardium with a marker produced
centrally in the body may be useful in
patients with symptoms of heart fail-
ure. Studies have consequently tried to
establish the clinical use of different
markers in the circulation.

One such established marker is
B-type natriuretic peptide1,2 and the
N-terminal fragment of its precursor
(NT-proBNP).3,4 Vasopressin, a non-
cardiac plasma marker of cardiovas-
cular disease, is released from the
neurohypophysis in response to
changes in plasma osmolality and is
involved in osmoregulation and
cardiovascular homeostasis. The
plasma concentration of vasopressin
increases in patients with heart fail-
ure and is associated with left ven-
tricular dysfunction.5 However, vaso-
pressin as such is not a useful plasma
marker, because it rapidly degrades
in the circulation. Instead, copeptin,
the C-terminal fragment of provaso-
pressin, has emerged as a promising
surrogate target for measurement of

vasopressin concentration and also
seems useful in cardiovascular
disease.6-9

The primary diagnosis of heart fail-
ure remains a major challenge, and
some reports have suggested that up
to 50% of patients may go unrecog-
nized.10,11 Measurement of copeptin
concentrations has been tested mainly
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Context Measurement of plasma concentrations of the biomarker copeptin may help
identify patients with heart failure at high and low risk of mortality, although the value
of copeptin measurement in elderly patients is not fully known.

Objective To evaluate the association between plasma concentrations of copeptin,
a surrogate marker of vasopressin, combined with concentrations of the N-terminal
fragment of the precursor to B-type natriuretic peptide (NT-proBNP), and mortality in
a cohort of elderly patients with symptoms of heart failure.

Design, Setting, and Participants Primary health care population in Sweden
enrolling 470 elderly patients with heart failure symptoms between January and
December 1996. Clinical examination, echocardiography, and measurement of
peptide concentrations were performed, with follow-up through December 2009.

Main Outcome Measures All-cause mortality and cardiovascular mortality.

Results After a median follow-up of 13 years, there were 226 deaths from all
causes, including 146 deaths from cardiovascular causes. Increased concentration of
copeptin was associated with increased risk of all-cause mortality (fourth quartile vs
first quartile: 69.5% vs 38.5%, respectively; hazard ratio [HR], 2.04 [95% confi-
dence interval {CI}, 1.38-3.02]) and cardiovascular mortality (fourth quartile vs first
quartile: 46.6% vs 26.5%; HR, 1.94 [95% CI, 1.20-3.13]). The combination of
elevated NT-proBNP concentrations and elevated copeptin concentrations also was
associated with increased risk of all-cause mortality (copeptin fourth quartile: HR,
1.63 [95% CI, 1.08-2.47]; P=.01; NT-proBNP fourth quartile: HR, 3.17 [95% CI,
2.02-4.98]; P� .001). Using the 2 biomarkers simultaneously in the evaluation of
cardiovascular mortality, there was a significant association for copeptin in the pres-
ence of NT-proBNP (log likelihood trend test, P=.048) and a significant association
for NT-proBNP (fourth quartile: HR, 4.68 [95% CI 2.63-8.34]; P� .001).

Conclusion Among elderly patients with symptoms of heart failure, elevated con-
centrations of copeptin and the combination of elevated concentrations of copeptin
and NT-proBNP were associated with increased risk of all-cause mortality.
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in patients with severe infection,12 and
some reports have suggested that
copeptin measurement may have a
role in patients with cardiovascular
disease.13,14 However, to our knowl-
edge, the value of measurement of
copeptin concentration in elderly
patients with symptoms of heart fail-
ure and the association with clinical
outcomes has not yet been examined.
We therefore evaluated the associa-
tion of combined measurement of
plasma copeptin and NT-proBNP con-
centrations with mortality in an
elderly primary care population with
symptoms of heart failure.

METHODS
Patient Population

The primary design of the study has
been published previously.15 Briefly, el-
derly patients with symptoms associ-
ated with heart failure at a primary
health care center were evaluated. The
study population all came from one cen-
ter in southeast Sweden, and all pa-
tients were included between January
2 and December 4, 1996. All patients
aged 65 to 87 years with symptoms
and/or signs of heart failure were evalu-
ated. Data from patient records and the
official registry were assessed until De-
cember 31, 2009.

Symptoms and/or signs of heart
failure included shortness of breath,
peripheral edema, and/or fatigue. For
each patient, a new patient record was
started and clinical examination was
performed, including New York Heart
Association (NYHA) functional class,
Doppler echocardiography, and stan-
dard blood analyses. Heart failure was
diagnosed as a combination of symp-
toms and/or signs and an ejection
fraction less than 40% on echocardi-
ography.16,17 Mortality information
was obtained from the Swedish
National Board of Health and Welfare,
which registers all deaths of Swedish
citizens. Written informed consent
was obtained from all patients, and
the study was approved by the
regional ethical review board in
Linköping.

Echocardiography
Doppler echocardiography examina-
tions (Acuson XP-128c; Siemens AG,
Munich, Germany) were performed
with the patient in the supine left po-
sition. Values for systolic function,18 ex-
pressed as left ventricular ejection frac-
tion, were categorized into 4 classes
with interclass limits of 30%, 40%, and
50%.19,20 Normal systolic function was
defined as left ventricular ejection frac-
tion of 50% or greater. Severely im-
paired systolic function was defined as
ejection fraction less than 30%.21

Biochemical Analyses

All blood samples were obtained while
the patients were at rest in a supine po-
sition. The blood samples were col-
lected in plastic vials containing EDTA.
The vials were placed on ice before
chilled centrifugation at 3000g and then
frozen at −70°C. No sample was thawed
more than twice.

NT-proBNP and Copeptin Analyses

Concentrations of proBNP 1-76 (NT-
proBNP) were measured on the Elec-
sys 2010 platform (Roche Diagnos-
tics, Mannheim, Germany). The total
coefficient of variation was 4.8% at 26
pmol/L and 2.1% at 503 pmol/L (n=70).
Plasma concentrations of copeptin were
measured on the Kryptor Compact plat-
form (BRAHMS, Hennigsdorf, Ger-
many). The interassay coefficients of
variation were less than 15% at 20
pmol/L, less than 13% for 20 to 50
pmol/L, and less than 8 pmol/L for con-
centrations greater than 50 pmol/L, ac-
cording to manufacturer; assay valida-
tion has been reported previously.22

Statistical Methods

Descriptive data are presented as per-
centages or means with SDs. Analyses
were calculated using an unpaired
2-sided t test for continuous variables;
the �2 test was used for discrete vari-
ables. Patients were stratified into quar-
tiles of copeptin and NT-proBNP con-
centration, providing better sensitivity
than the other approach sometimes
used, ie, classifying values as above or
below the median.

Evaluation of correlation was ana-
lyzed using the Pearson product-
moment correlation coefficient. Cox
proportional hazard regression analy-
ses were used to analyze the risk of
both all-cause and cardiovascular
mortality during the follow-up period.
Kaplan-Meier analyses were used to
illustrate actual all-cause and cardio-
vascular mortality. The assumption of
proportionality was tested, because
long follow-up was used. Because the
assumption was not fulfilled, we
chose to present mortality data in 2
steps: as short-term mortality with a
follow-up time of 5 years and as long-
term mortality with a follow-up time
of up to 13 years. To test the indepen-
dent prognostic information of
copeptin concentration in addition to
NT-proBNP concentration in a multi-
variate analysis, a likelihood ratio
test was also performed. Censored
patients were those still alive at the
end of the study period or those who
died of reasons other than the variable
analyzed, eg, cardiovascular mortality.
Completers comprised patients with
all-cause or cardiovascular mortality
during the study period.

To evaluate the possible prognostic
value of adding biomarkers in a mul-
tivariate analysis, a weighted variable
was produced based on the � value in
the multivariate Cox proportional haz-
ard regression analysis. A receiver op-
erating characteristic (ROC) curve
analysis was performed using the
method of DeLong et al,23 with weighted
variables. A ROC analysis was also per-
formed testing the ability to identify risk
of cardiovascular mortality using a
3-step model. Step 1 included clinical
variables only (symptoms [fatigue, dys-
pnea, previous or present ischemic heart
disease, diabetes, NYHA functional class
III, male sex, age 70-75 years or �75
years]; signs [rales, jugular disten-
sion, peripheral edema]). Step 2 in-
cluded clinical variables plus measure-
ment of NT-proBNP concentrations.
Step 3 included clinical variables plus
measurement of NT-proBNP and co-
peptin concentrations, in 3 different
ROC curves. The models were con-
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structed using the � coefficients from
a Cox regression multiplied by the value
of the individual variable.

We also analyzed copeptin levels as
a continuous variable and examined the
association between a 10-pmol/L in-
crease in copeptin concentration and
mortality.

Considering the number of events
in the cohort (226 vs 146), we had
approximately 80% power (� = .05)
for delivering a hazard ratio of 1.5
and 1.7 (for all-cause mortality and

cardiovascular mortality, respec-
tively, when comparing the fourth
quartiles of the 2 biomarkers).

P� .05 was considered statistically
significant, based on a 2-sided evalua-
tion. All data were analyzed using Sta-
tistica version 10 (Statsoft Inc, Tulsa,
Oklahoma).

RESULTS
Of 548 invited elderly patients with
symptoms associated with heart fail-
ure according to patient records, 510

agreed to participate in the study (par-
ticipation rate, 93%). Thirty-eight pa-
tients decided not to participate be-
cause of transportation difficulties,
severe illness, mental insufficiency, or
incapacity. Another 36 patients did not
allow blood sampling, and echocardio-
grams from 4 patients were not of ac-
ceptable quality. Thus, the final pa-
tient population consisted of 470
patients. The mean age of the study
population was 73 years, with an
equivalent distribution of men and

Table 1. Study Population Presented as Quartiles of Copeptin Concentration

Variable

No. (%)

Quartile 1
(�5.70 pmol/L

[n = 117])

Quartile 2
(5.70-9.95 pmol/L

[n = 118])

Quartile 3
(9.96-18.0 pmol/L

[n = 117])

Quartile 4
(�18.0 pmol/L

[n = 118])

Age, mean (SD), y 72.6 (6.1) 71.3 (5.4) 72.1 (5.1) 74.4 (5.2)

Sex, No.
Men 33 59 72 81

Women 84 59 45 37

BMI, mean (SD)a 26.4 (4.8) 26.9 (4.0) 27.7 (4.5) 27.5 (3.8)

Clinical history
Diabetes 23 (19.7) 21 (17.8) 24 (20.5) 33 (28.0)

Hypertension 106 (90.6) 98 (83.1) 104 (88.9) 104 (88.1)

Ischemic heart disease 37 (31.6) 33 (28.0) 43 (36.8) 44 (37.3)

COPD 9 (7.7) 12 (10.2) 6 (5.1) 9 (7.6)

CABG/PCI 11 (9.4) 9 (7.6) 11 (9.4) 14 (11.9)

NYHA class
I 52 (44.4) 65 (55.1) 57 (48.7) 41 (34.7)

II 56 (47.9) 44 (37.3) 52 (44.4) 51 (43.2)

III 9 (7.7) 9 (7.6) 8 (6.8) 26 (22.0)

IV 0 0 0 0

Atrial fibrillation 8 (6.8) 4 (3.4) 8 (6.8) 6 (5.1)

Clinical examination
Blood pressure, mean (SD), mm Hg

Systolic 160 (15) 157 (16) 158 (16) 156 (17)

Diastolic 87 (7) 85 (8) 87 (7) 86 (9)

Medication
ACE inhibitors/ARBs 32 (27.4) 35 (29.7) 31 (26.5) 56 (47.5)

�-Blockers 46 (39.3) 50 (42.4) 48 (41.0) 46 (39.0)

Digitalis 10 (8.5) 7 (5.9) 8 (6.8) 20 (16.9)

Diuretics 42 (35.9) 43 (36.4) 45 (38.5) 76 (64.4)

Examinations
Estimated GFR �60 mL/min 44 (37.6) 49 (41.5) 38 (32.5) 68 (57.6)

Ejection fraction, %
�50 99 (84.6) 93 (78.8) 87 (74.4) 66 (55.9)

40-50 9 (7.7) 16 (13.6) 12 (10.3) 18 (15.3)

30-39 6 (5.1) 5 (4.2) 14 (12.0) 20 (16.9)

�30 1 (0.9) 1 (0.9) 0 7 (5.9)

NT-proBNP, median (range),
pmol/L

24.0 (3-220) 20.0 (0-685) 23.0 (2-558) 44.5 (0-2212)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CABG, coronary artery bypass graft; COPD, chronic obstructive pul-
monary disease; GFR, glomerular filtration rate; NT-proBNP, N-terminal fragment of precursor of B-type natriuretic peptide; NYHA, New York Heart Association; PCI, percutaneous
coronary intervention.

aCalculated as weight in kilograms divided by height in meters squared.
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women (245 vs 225, respectively)
(TABLE 1).

Study population data were as-
sessed for 13 years (median, 4725
[range, 242-5112] days), with Decem-
ber 31, 2009, as the last follow-up date.
Patients who survived during the fol-
low-up period had a median observa-
tion period of 4923 (range, 4773-
5112) days; those who did not survive
had a median observation period of
2723 (range, 242-5018) days. During
follow-up there were 226 deaths from
all causes (48%), including 146 cardio-
vascular deaths (31%). The distribu-
tion of the different diagnoses of mor-
tality is presented in eTable 1, available
at http://www.jama.com. No patients
were lost to follow-up.

Prognostic Information

During the 13-year follow-up period,
all patients were examined regarding
all-cause and cardiovascular mortal-
ity. The mortality distribution across
the copept in quar t i l e s ranged
between 26.5% (first quartile) to
46.6% (fourth quartile) for cardio-
vascular mortality and between
38.5% (first quartile) to 69.5%
(fourth quartile) for all-cause mortal-
ity. The corresponding distribution
for NT-proBNP was 15.9% (first
quartile) to 56.9% (fourth quartile)
for cardiovascular mortality and
between 28.3% (first quartile) to
75.9% (fourth quartile) for all-cause
mortality (TABLE 2). We have chosen
to present mortality data in 2 steps:
as short-term and as long-term
mortality.

In multivariate models comparing
the second, third, and fourth quar-
tiles against the first quartile of the
biomarkers (TABLE 3), concentra-
tions of copeptin and NT-proBNP
were associated with long-term all-
cause mortality (up to 13 years of
follow-up), both separately (models
1 and 2) and in combination (model
3). The independent association of
copeptin with mortality was con-
firmed using the likelihood ratio
test (P = .02). Similar results were
obtained in multivariate models

examining cardiovascular mortality
(TABLE 4), with a similar log likeli-
hood trend test result for copeptin in
the presence of NT-proBNP (model
3) (P=.048).

In a ROC analysis of cardiovascular
mortality using the 10-year follow-up
period, the area under the curve
(AUC) increased from 0.70 to 0.74
(95% confidence interval [CI], 0.68-
0.79) by adding NT-proBNP concen-
tration to clinical examination vari-
ables, and increased to 0.76 (95% CI,
0.71-0.82) by adding copeptin con-
centration to clinical examination
variables and NT-proBNP concentra-
tion. A significant difference in
the AUC between the clinical vari-
ables alone and the addition of
NT-proBNP concentrations plus those
for copeptin was observed (difference,
0.06 [95% CI, 0.02-0.10]; P=.002). By
only using NT-proBNP and applying
the fourth quartile as cutoff value, 66
of 116 patients (56.9%) were correctly
identified as at risk for cardiovascular
mortality, whereas when copeptin was
added (fourth quartile) the corre-
sponding value increased to 36 of 52
patients (69.2%).

In a multivariate model using the
fourth quartiles of the 2 markers at the
same time vs quartiles 1 through 3 to-
gether with the clinical variables, the
markers displayed prognostic informa-
tion even when analyzed in the same
model (all-cause mortality: hazard ra-
tio [HR] for fourth quartile of co-
peptin, 1.70 [95% CI, 1.25-2.31] and
HR for fourth quartile of NT-proBNP,

2.17 [95% CI, 1.60-2.94]; cardiovas-
cular mortality: HR for fourth quartile
of copeptin, 1.68 [95% CI, 1.15-2.45]
and HR for fourth quartile of NT-
proBNP, 2.93 [95% CI, 2.02-4.24])
(TABLE 5).

The prognostic strength of co-
peptin measurement in other diseases
was evaluated in a univariate Cox pro-
portional hazard regression (eTable 2).
Measurement of copeptin concentra-
tion obtained the best prognostic in-
formation from heart failure and
myocardial infarction. Among the non-
cardiovascular diseases, only infec-
tion was statistically significant in terms
of prognostic information. In regard to
short-term mortality (up to 5 years of
follow-up), a slightly higher hazard ra-
tio of copeptin and NT-BNP for all-
cause and cardiovascular mortality was
identified in a multivariate analysis
(eTable 3).

Comparison of extreme values
should be interpreted with caution.
Recognizing this, Kaplan-Meier analy-
ses of the 4 quartiles of copeptin and
NT-proBNP concentrations, respec-
tively, are shown in eFigure 1 and
eFigure 2.

The Kaplan-Meier analysis of all-
cause mortality (eFigure 1) shows the
all-cause mortality associated with dif-
ferent combinations of copeptin and
NT-proBNP, from a group with low
plasma concentrations of both mark-
ers (group 1, with 63.7% survival) to a
group with a combination of high
plasma concentrations of both mark-
ers (group 4, with 16.5% survival).

Table 2. Cardiovascular and All-Cause Mortality in the Different Quartiles of Copeptin
and NT-proBNP Concentration in the Study Population During 13 Years of Follow-up

Quartilea

No. (%)

Cardiovascular Mortality All-Cause Mortality

Copeptin NT-proBNP Copeptin NT-proBNP

1 31 (26.5) 18 (15.9) 45 (38.5) 32 (28.3)

2 29 (24.6) 24 (19.7) 45 (38.1) 49 (40.2)

3 31 (26.5) 38 (31.9) 54 (46.2) 57 (47.9)

4 55 (46.6) 66 (56.9) 82 (69.5) 88 (75.9)
Abbreviation: NT-proBNP, N-terminal fragment of precursor of B-type natriuretic peptide.
aQuartile values for copeptin: quartile 1, �5.70 pmol/L; quartile 2, 5.70 through 9.95 pmol/L; quartile 3, 9.96 through

18.0 pmol/L; quartile 4, �18.0 pmol/L. For NT-proBNP: quartile 1, �13.0 pmol/L; quartile 2, 13.0 through 25.5 pmol/L;
quartile 3, 25.6 through 58.0 pmol/L; quartile 4, �58.0 pmol/L.
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Prognostic information obtained by the
markers was greater when both were
combined. In absolute terms, 44 of 52
patients (84.6%) were correctly iden-
tified as at high risk in the group with
both markers in the highest quartiles,
compared with 99 of 287 patients
(34.5%) with all-cause mortality and
concentrations of both markers in the
first quartile.

The Kaplan-Meier analysis of car-
diovascular mortality (eFigure 2) simi-
larly shows cardiovascular mortality as-
sociated with different combinations of
the markers, from a group with lowest
concentrations of both markers (group
1, with 74.6% survival) to a group with
high concentrations of both markers
(group 4, with 23.0% survival). In ab-
solute terms, 36 of 52 patients (69.2%)
were correctly identified as at high risk
in the group with both markers in the
highest quartiles, compared with 61 of
287 (21.3%) with cardiovascular mor-
tality and concentrations of both mark-
ers in the first quartile.

In the multivariate analysis, for ev-
ery increase of 10 pmol/L in copeptin
levels, there was a corresponding in-
crease in all-cause mortality of 1.21
(95% CI, 1.10-1.34) and in cardiovas-
cular mortality of 1.22 (95% CI, 1.08-
1.37) (Table 3, model 3).

The absolute risk reduction calcu-
lation for all-cause mortality using
the markers in combination indi-
cated that 6.8% more patients were
correctly identified as at risk com-
pared with measurement of only
NT-proBNP concentration over a
13-year follow-up period. If the
follow-up period was restricted to 10
years, an 8.4% increase in patients
correctly identified as at risk was
noted. In the same calculation for
cardiovascular mortality over 13
years of follow-up, 12.3% more
patients could be correctly identified
as at risk. If the follow-up period was
restricted to 10 years, 19.6% more
patients were identified by the com-
bination of the 2 markers.

COMMENT
The use of 2 plasma biomarkers, one
well known in the management of heart
failure (NT-proBNP) and the other a
new marker of pituitary vasopressin re-
lease (copeptin), were evaluated dur-
ing a follow-up time of 13 years. From
our combined results, additive prog-
nostic information was demonstrated
for both all-cause and cardiovascular
mortality.

Even after a 13-year follow-up
period, copeptin concentration pos-
sessed prognost ic informat ion
concerning mortality risk. Both
NT-proBNP and copeptin provided
independent prognostic information
during a follow-up period of 13 years.
To our knowledge, this has not been
demonstrated in a corresponding
population with such a lengthy
follow-up period. A problem of using
very long follow-up periods is that
other diseases without connection to
the markers, such as malignancies,
will gain statistical influence.

Table 3. Cox Proportional Hazard Regression of All-Cause Mortality in an Elderly Population During 13 Years of Follow-up

Variable

Model 1a Model 2b Model 3c

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

Male sex 1.26 (0.92-1.73) .15 1.55 (1.15-2.10) .004 1.37 (1.00-1.89) .05

Diabetes 1.32 (0.96-1.81) .08 1.44 (1.05-1.98) .02 1.48 (1.08-2.03) .02

Hemoglobin �120 g/L 1.86 (1.17-2.94) .008 1.71 (1.08-2.69) .02 1.76 (1.11-2.80) .02

Estimated GFR �60 mL/min 1.21 (0.89-1.64) .23 1.25 (0.93-1.68) .13 1.14 (0.84-1.55) .40

NYHA class III 2.19 (1.52-3.16) �.001 1.90 (1.32-2.75) �.001 1.83 (1.26-2.65) .001

Ischemic heart disease 1.00 (0.75-1.33) .99 0.92 (0.69-1.23) .59 0.90 (0.67-1.20) .46

Hypertension 1.34 (0.86-2.07) .19 1.27 (0.82-1.95) .28 1.21 (0.78-1.88) .38

Ejection fraction, %d

40-50 1.50 (1.01-2.23) .04 1.44 (0.97-2.13) .07 1.46 (0.99-2.17) .06

30-39 1.86 (1.23-2.81) .003 1.49 (0.99-2.26) .06 1.41 (0.93-2.14) .11

�30 3.50 (1.63-7.52) .001 2.41 (1.13-5.15) .02 2.18 (1.00-4.73) .05

Copeptin quartile, pmol/Le

2 (5.70-9.95) 1.04 (0.72-1.51) .84 0.98 (0.67-1.42) .90

3 (9.96-18.0) 1.33 (0.76-2.33) .31 1.07 (0.60-1.90) .82

4 (�18.0) 2.04 (1.38-3.02) �.001 1.63 (1.08-2.47) .01

NT-proBNP quartile, pmol/Le

2 (13.0-25.5) 1.49 (0.95-2.34) .08 1.46 (0.93-2.30) .10

3 (25.6-58.0) 1.76 (1.11-2.79) .02 1.74 (1.10-2.76) .02

4 (�58.0) 3.53 (2.27-5.49) �.001 3.17 (2.02-4.98) �.001
Abbreviations: CI, confidence interval; GFR, glomerular filtration rate; HR, hazard ratio; NT-proBNP, N-terminal fragment of precursor of B-type natriuretic peptide; NYHA, New York

Heart Association.
aVarious clinical variables (symptoms [fatigue, dyspnea, previous or present ischemic heart disease, diabetes, NYHA functional class III, male sex, age 70-75 years or �75 years];

signs [rales, jugular distension, peripheral edema]), plus quartiles 2 through 4 of copeptin concentration. Log likelihood of the model, −1277.10.
bClinical variables in model 1, plus quartiles 2 through 4 of NT-proBNP concentration. Log likelihood of the model, −1267.47.
cClinical variables in model 2, plus quartiles 2 through 4 of copeptin and NT-proBNP concentration. Log likelihood of the model, −1262.43.
dWith greater than 50% as reference.
eWith first quartiles as reference.
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In the ROC analyses, significant
additive information was gained by add-
ing one marker to the other in addi-
tion to clinical variables (AUC, 0.70-
0.76). The use of 2 biomarkers alone
or in combination has been reported by
others.8,9,24 Apart from the study by
Khan et al,9 the AUC values are con-
sistent with ours (0.67-0.81vs 0.70-
0.76 for the current study). The study
by Khan et al used a slightly different
methodological approach that might
have produced higher AUC values
(0.75-0.84). However, the ROC method
is not informative in terms of when a
specific death occurs, because it does
not weigh the influence of whether
death occurs early or late during the fol-
low-up period, something that the Cox
proportional hazard regression analy-
sis does.

Because the assumption of pro-
portionality was not fulfilled, we
presented data in 2 steps; one for
short-term and one for long-term
mortality. This was done because the

long-term follow-up in this study
was unusually long, with a greater
influence of other variables on mor-

tality. In the evaluation of prognostic
information of the markers, the sec-
ond, third, and fourth quartiles of

Table 4. Cox Proportional Hazard Regression of Cardiovascular Mortality in an Elderly Population During 13 Years of Follow-up

Variable

Model 1a Model 2b Model 3c

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

Male sex 1.24 (0.83-1.83) .29 1.53 (1.05-2.22) .03 1.38 (0.93-2.05) .10

Diabetes 1.72 (1.19-2.49) .004 2.00 (1.38-2.90) �.001 2.05 (1.41-2.97) �.001

Hemoglobin �120 g/L 1.48 (0.79-2.77) .22 1.30 (0.70-2.42) .40 1.36 (0.73-2.54) .33

Estimated GFR �60 mL/min 1.40 (0.95-2.05) .09 1.43 (0.99-2.06) .05 1.31 (0.89-1.92) .16

NYHA class III 2.12 (1.34-3.34) .001 1.74 (1.11-2.73) .02 1.65 (1.05-2.60) .03

Ischemic heart disease 1.04 (0.73-1.49) .82 0.91 (0.64-1.30) .61 0.88 (0.61-1.26) .48

Hypertension 1.16 (0.69-1.95) .58 1.03 (0.61-1.72) .92 1.00 (0.59-1.68) .99

Ejection fraction, %d

40-50 1.22 (0.72-2.06) .46 1.14 (0.68-1.91) .62 1.20 (0.72-2.01) .49

30-39 1.79 (1.07-3.00) .03 1.29 (0.77-2.17) .33 1.25 (0.74-2.09) .41

�30 3.57 (1.44-8.84) .006 2.00 (0.82-4.88) .13 1.85 (0.74-4.60) .19

Copeptin quartile, pmol/Le

2 (5.70-9.95) 0.91 (0.57-1.44) .68 0.83 (0.52-1.32) .43

3 (9.96-18.0) 1.12 (0.54-2.32) .75 0.86 (0.41-1.82) .70

4 (�18.0) 1.94 (1.20-3.13) .007 1.43 (0.86-2.40) .16

NT-proBNP quartile, pmol/Le

2 (13.0-25.5) 1.34 (0.72-2.50) .35 1.30 (0.70-2.42) .40

3 (25.6-58.0) 2.41 (1.34-4.34) .003 2.33 (1.29-4.21) .005

4 (�58.0) 5.13 (2.90-9.04) �.001 4.68 (2.63-8.34) �.001
Abbreviations: CI, confidence interval; GFR, glomerular filtration rate; HR, hazard ratio; NT-proBNP, N-terminal fragment of precursor of B-type natriuretic peptide; NYHA, New York

Heart Association.
aVarious clinical variables (symptoms [fatigue, dyspnea, previous or present ischemic heart disease, diabetes, NYHA functional class III, male sex, age 70-75 years or �75 years];

signs [rales, jugular distension, peripheral edema]), plus quartiles 2 through 4 of copeptin concentration. Log likelihood of the model, −816.145.
bClinical variables in model 1, plus quartiles 2 through 4 of NT-proBNP concentration. Log likelihood of the model, −800.145.
cClinical variables in model 2, plus quartiles 2 through 4 of copeptin and NT-proBNP concentration. Log likelihood of the model, −796.551.
dWith greater than 50% as reference.
eWith first quartiles as reference.

Table 5. Cox Proportional Hazard Regression of All-Cause and Cardiovascular Mortality in an
Elderly Population During 13 Years of Follow-up

Variable

All-Cause Mortality Cardiovascular Mortality

HR (95% CI) P Value HR (95% CI) P Value

Male sex 1.31 (0.96-1.78) .09 1.26 (0.86-1.86) .24

Diabetes 1.39 (1.01-1.90) .04 1.86 (1.28-2.69) .001

Hemoglobin �120 g/L 1.89 (1.20-2.99) .006 1.51 (0.81-2.82) .20

Estimated GFR �60 mL/min 1.16 (0.86-1.56) .34 1.30 (0.89-1.90) .17

NYHA class III 1.87 (1.29-2.71) .001 1.72 (1.09-2.72) .02

Ischemic heart disease 0.95 (0.72-1.27) .74 0.96 (0.68-1.37) .84

Hypertension 1.24 (0.80-1.93) .33 1.04 (0.62-1.76) .87

Ejection fraction, %a

40-50 1.54 (1.05-2.28) .03 1.28 (0.78-2.14) .34

30-39 1.46 (0.96-2.22) .07 1.29 (0.77-2.17) .33

�30 2.35 (1.08-5.16) .03 2.03 (0.80-5.12) .14

Copeptin fourth quartile
vs quartiles 1-3

1.70 (1.25-2.31) �.001 1.68 (1.15-2.45) .007

NT-proBNP fourth quartile
vs quartiles 1-3

2.17 (1.60-2.94) �.001 2.93 (2.02-4.24) �.001

Abbreviations: CI, confidence interval, GFR, glomerular filtration rate; HR, hazard ratio; NYHA: New York Heart Asso-
ciation.

aWith greater than 50% as reference.
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peptide concentrations were entered in
amultivariateanalysisofwell-recognized
clinical variables (Tables 3 and 4). From
these analyses, copeptin exhibited in-
dependent prognostic information
even when analyzed together with
NT-proBNP. In addition, the prognos-
tic information from the highest quar-
tiles of the plasma markers analyses
were evaluated for both short-term
and long-term mortality (Table 5 and
eTable 3). Because this comprises an
evaluation of patients with the highest
plasma concentrations, the results
should be interpreted with caution.
However, the combination of both
markers in the highest quartiles
resulted in increased risk for all-cause
and cardiovascular mortality. This
could also be seen in the short-term
mortality table (eTable 3), in which
both copeptin and NT-proBNP exhib-
ited a slightly higher hazard ratio for
both all-cause and cardiovascular
mortality.

In a study by Neuhold et al,24 the
population was significantly younger
(mean age, 57 years), whereas our
patient cohort (mean age, 73 years)
better conforms to the average age of
those with heart failure in Sweden.
Also, the population presented by
Neuhold et al represents a popula-
tion with more severe disease com-
pared with our study population, as
can be seen from the distribution of
NYHA functional classes and also
from the copeptin concentrations.
Because our population consisted of
a mixture of patients with heart fail-
ure in whom only approximately
one-third had an ischemic back-
ground and none had overt ischemic
symptoms at study inclusion, this
may more accurately represent the
spectrum of a population with heart
failure that clinicians face in primary
care. Moreover, Neuhold et al used
the median plasma concentration as
a cutoff. We chose a different strat-
egy using the fourth quarti les,
because we have found this strategy
less sensitive to other factors that
might influence the relatively low
concentrations. The follow-up peri-

ods of other published studies were
often between 1 and 3 years, whereas
our study had a follow-up period of
13 years.

The relation between vasopressin and
heart failure is not fully understood. Va-
sopressin is secreted from the neuro-
hypophysis because of increased os-
molality following reduced cardiac
output and activation of barorecep-
tors in the carotid sinus.25 Neverthe-
less, heart failure is associated with low
osmolality, while plasma concentra-
tions of vasopressin are increased in pa-
tients with heart failure. Accordingly,
it may be that nonosmotic stimuli are
involved.26 As a vasoconstriction hor-
mone, vasopressin also is involved in
the adverse cardiac remodeling pro-
cess via vasopressin 1a receptors. Stimu-
lation of this receptor leads to in-
creased myocyte protein synthesis and
promotes development of myocardial
hypertrophy, decreased contractility,
and increased cardiac afterload.27 Stud-
ies have demonstrated that vasopres-
sin stimulates cardiac fibroblasts, re-
sulting in increased myocardial
fibrosis.28 Thus, vasopressin plays an
important pathophysiological role in
patients with heart failure, because in-
creased release of vasopressin is asso-
ciated with both increased preload and
increased filling pressures as well as in-
creased afterload. Clinical observa-
tions have confirmed that plasma con-
centrations of vasopressin are increased
in patients with severe heart failure
(NYHA class III-IV).6

The objective of this study was to ap-
ply markers in a patient group com-
monly encountered in primary care, ie,
elderly patients who often present with
other diseases, making interpretation of
symptoms difficult. The original de-
sign of our cohort study did not allow
us to assess diagnostic elements of bio-
marker measurement. Instead, we fo-
cused solely on the prognostic infor-
mation of the markers when applied in
a primary care population. These data,
together with our findings of the prog-
nostic information provided by mea-
surement of copeptin concentrations in
elderly patients with symptoms of heart

failure, suggest that vasopressin may be
a potential target for therapeutic inter-
vention.
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17. Moyé LA, Pfeffer MA, Braunwald E; SAVE
Investigators. Rationale, design and baseline charac-
teristics of the survival and ventricular enlargement trial.
Am J Cardiol. 1991;68(14):70D-79D.
18. Choy AM, Darbar D, Lang CC, et al. Detection
of left ventricular dysfunction after acute myocardial
infarction: comparison of clinical, echocardiographic,
and neurohormonal methods. Br Heart J. 1994;
72(1):16-22.
19. Jensen-Urstad K, Bouvier F, Höjer J, et al. Com-
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There is no more mischievous absurdity than this judg-
ing of actions from the outside as they look to us, in-
stead of from the inside as they look to the actors; noth-
ing more irrational than to criticize deeds as though
the doers of them had the same desires, hopes, fears,
and restraints as ourselves.

—Herbert Spencer (1820-1903)
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