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Purpose: Copeptin has been considered as a useful marker for diagnosis and pre-
diction of prognosis in heart diseases. However, copeptin has not been investigated
sufficiently in hemodialysis patients. This study aimed to investigate the general
features of copeptin in hemodialysis and to examine the usefulness of copeptin in
hemodialysis patients with left ventricular dysfunction (LV dysfunction). Materials
and Methods: This study included 41 patients on regular hemodialysis. Routine
laboratory data and peptides such as the N-terminal of the prohormone brain natri-
uretic peptide and copeptin were measured on the day of hemodialysis. Body fluid
volume was estimated by bioimpedance spectroscopy, and the E/Ea ratio was esti-
mated by echocardiography. Results: Copeptin increased to 171.4 pg/mL before
hemodialysis. The copeptin had a positive correlation with pre-dialysis body fluid
volume (r=0.314; p=0.04). The copeptin level decreased along with body fluid vol-
ume and plasma osmolality during hemodialysis. The copeptin increased in the pa-
tients with LV dysfunction more than in those with normal LV function (218.7 pg/
mL vs. 77.6 pg/mL; p=0.01). Receiver operating characteristic curve analysis showed
that copeptin had a diagnostic value in the hemodialysis patients with LV dysfunc-
tion (area under curve 0.737; p=0.02) and that the cut-off value was 125.48 pg/mL
(sensitivity 0.7, specificity 0.8, positive predictive value 0.9, negative predictive val-
ue 0.6). Conclusion: Copeptin increases in hemodialysis patients and is higher in
patients with LV dysfunction. We believe that copeptin can be a useful marker for the
diagnosis of LV dysfunction in hemodialysis patients.
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INTRODUCTION

Copeptin is the peptide at the C-terminal of preprovasopressin. Recent studies have
demonstrated that copeptin, a surrogate marker for vasopressin, could predict the
prognosis of heart failure'* and myocardial infarction.®” In addition, it could also be
useful in the diagnosis of left ventricular dysfunction (LV dysfunction) and myocar-
dial infarction.®®

Dialysis patients are usually classified as high-risk for heart diseases. Therefore,
the clinical use of copeptin should be considered for dialysis patients. For this, our
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study aimed to investigate the general features of copeptin
in hemodialysis. In addition, we hypothesized that copeptin
could be useful in the diagnosis of LV dysfunction in he-
modialysis patients. To determine the usefulness of co-
peptin, our study investigated the difference in copeptin lev-
el between patients with normal LV function and those with
LV dysfunction.

MATERIALS AND METHODS

Patients and data collection

This study targeted 41 patients who had received hemodial-
ysis regularly for three times per week. When the patients
visited the hospital for dialysis, we collected clinical and lab-
oratory data. In particular, serum sodium concentration, plas-
ma osmolality, body fluid volume, and copeptin were mea-
sured both before and after dialysis in order to evaluate ch-
anges during hemodialysis. Body fluid volume was measur-
ed by bioimpedance spectroscopy (Body Composition
Monitoring™, Fresenius Medical Care, Bad Homburg, Ger-
many). Copeptin was quantified using an ELISA kit (co-
peptin: USCNK Life Science Inc., sensitivity 5.7 pg/mL, CV
intra-assay<10%, inter-assay<12%).

We also measured the N-terminal of the prohormone brain
natriuretic peptide (NT-proBNP) and performed echocar-
diography to evaluate heart dysfunction. These tests were
performed before dialysis. In echocardiography, we mea-
sured the E/Ea ratio, which was used to estimate LV end di-
astolic pressure. We used an NT-proBNP level as a standard
to determine LV dysfunction in our study, as the accuracy of
an echocardiogram depends on the skill of the performer.
We applied an NT-proBNP level of 5300 pg/mL as a thresh-
old for the determination of LV dysfunction according to a
study by David, et al.” in which this value was considered to
indicate LV dysfunction in hemodialysis patients.

Parameters

Copeptin was measured pre-dialysis (pre-copeptin) and
post-dialysis (post-copeptin). The value of body fluid excess
measured by bioimpedance spectroscopy was presented as

the index of overhydration (OH, liter). For example, OH, 1
means that body fluid excess is one liter. The OH value was
also measured pre-dialysis (pre-OH) and post-dialysis (post-
OH).

Statistical analysis

The statistical program PASW 18.0 (SPSS Inc., Chicago,
IL, USA) was used for all statistical analyses. The Shapiro-
Wilk test was conducted to check for normality. The result
showed that the variables had non-normal distributions;
therefore, we performed non-parametric tests. Spearman’s
correlation analysis was used to examine correlations be-
tween copeptin and other variables. The Mann-Whitney U
test was conducted to investigate the differences between
the patients with normal LV function and those with LV
dysfunction. Statistical significance was defined as p<0.05.

RESULTS

Baseline characteristics of subjects

The average (+standard deviation) age of the patients was
57+10 years. In total, 17 male and 24 female patients were
included in the study. Hemodialysis was performed three
times per week for 4 hours per session. The average dura-
tion of hemodialysis was 272142367 days. Diabetes was
found in 20 (48.8%) patients, and high blood pressure was
found in 36 (87.8%) patients. Three (7.3%) patients had a
past history of cardiovascular disease, and four (9.8%) pa-
tients had been diagnosed with heart failure. Six (14.6%) pa-
tients had a history of stroke. The average Kt/V was 1.44+
0.23. Laboratory data [median (interquartile range)] yielded
the following values: whole blood hemoglobin 9.7 (9.3,
10.7) g/dL, serum albumin 3.9 (3.8, 4.1) g/dL, calcium 9.0
(8.7, 9.3) mg/dL, phosphorus 6.5 (5.0, 6.8) mg/dL, high-sen-
sitivity C-reactive protein 0.13 (0.06, 0.34) mg/dL, and intact
parathyroid hormone 191.2 (111.8, 272.8) pg/mL. NT-proB-
NP was elevated to 13071 (3984, 35000) pg/mL, and the E/
Ea ratio was 5.5 (4.4, 7.2).

Table 1. Changes of Overhydration (OH) Index, Plasma Osmolality, and Copeptin during Hemodialysis

Pre-dialysis Post-dialysis Intradialytic change
OH (liter) 2.5(1.7,3.9) 0.7 (-0.6, 2.0) -1.8(-2.2,-1.3)
Osmolality (mmol/kg) 303.1 (300.1, 308.6) 288.2 (284.4,291.6) -14.9 (20.2,-11.2)
Copeptin (pg/mL) 171.4 (75.6, 289.8) 127.2 (66.6, 259.6) -9.9 (-61.5,38.2)

Data are presented as median (interquartile range).
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Changes of overhydration (OH) index, plasma
osmolality, and copeptin during hemodialysis

The changes of OH, plasma osmolality, and copeptin during
hemodialysis are shown in Table 1. The copeptin level was
higher than the reference value of 4.0-48.0 pg/mL'" and de-
creased along with body fluid volume and plasma osmolali-
ty during hemodialysis.

Correlations between variables

Spearman’s correlation analysis indicated that pre-copeptin
had a significant positive correlation with pre-OH (p=0.04)
(Fig. 1). When adjusted for age, sex, plasma osmolality, NT-
proBNP, and E/Ea ratio, pre-copeptin still showed a signifi-
cant positive correlation with pre-OH (p=0.04).

Comparison of characteristics between patients with
normal LV function and those with LV dysfunction

We divided subjects into normal LV function (n=12) and
LV dysfunction (n=29) groups, based on a study by David,
et al.” We used the NT-proBNP level of 5300 pg/mL as a
standard for the determination of LV dysfunction.” The com-
parisons of characteristics between both groups are shown

10
p=0.04
r=0.314
87 °
= °
£ 64
3 S
& ® .
o 4 ..
e : ’
L] ® °
| °
2 .‘ ° Y
(X4 ®
°
g-loe ° : :
0 500 1000 1500

Pre-copeptin (pg/mL)
Fig. 1. Correlation between pre-dialysis copeptin (pre-copeptin) and pre-di-
alysis overhydration (pre-OH). OH, overhydration.

in Table 2. A Mann-Whitney U test was then conducted to
investigate the differences between the two groups. The re-
sults showed that the Kt/V, E/Ea ratio, pre-OH, and pre-co-
peptin values were all significantly different. Pre-copeptin
increased in the patients with LV dysfunction more than in
those with normal LV function (Fig. 2).

Receiver operating characteristic (ROC) curve analysis
of copeptin and the E/Ea ratio for the diagnosis of LV
dysfunction

ROC curve analysis for the diagnosis of LV dysfunction
showed that pre-copeptin and the E/Ea ratio had significant
area under the curve values (Table 3). In addition, the cut-off
value of pre-copeptin for the diagnosis of LV dysfunction was
125.48 pg/mL (sensitivity 0.7, specificity 0.8, positive pre-
dictive value 0.9, negative predictive value 0.6).

DISCUSSION

Previous literature reported that copeptin increased in dialy-
sis patients with cardiovascular disease and predicted cardio-
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Fig. 2. Comparison of pre-dialysis copeptin (pre-copeptin) levels between
patients with normal LV function and those with LV dysfunction. LV, left
ventricular-.

Table 2. Comparisons of Characteristics between Patients with Normal LV Function and Those with LV Dysfunction

Normal LV function (n=12) LV dysfunction (n=29) p value
KtV 13 (1.2-1.4) 1.5(1.3-1.7) 0.04"
Serum albumin (g/dL) 3.9(3.9-4.1) 3.9(3.8-4.1) 0.53
Sodium (mmol/L) 136.0 (133.8-137.8) 135.0 (134.0-138.0) 0.85
E/Ea ratio 3.9(3.8-4.7) 6.1 (5.2-7.9) <0.01"
Pre-OH (liter) 1.8 (1.3-2.5) 2.9(1.9-4.5) 0.02"
Pre-copeptin (pg/mL) 77.6 (37.9-101.1) 218.7 (113.4-299.3) 0.01"

LV, left ventricular-; OH, overhydration.

Data are presented as median (interquartile range).

*1<0.05.
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Table 3. Receiver Operation Characteristics Curve Analysis of Pre-Copeptin and the E/Ea Ratio for the Diagnosis of LV Dys-

function
95% CI
Variables AUC SE p value °
Lower Upper
Pre-copeptin 0.737 0.100 0.02" 0.542 0.932
E/Earatio 0.808 0.080 <0.01" 0.652 0.965

LV, left ventricular-; AUC, area under the curve; SE, standard error; Cl, confidence interval.

*p<0.05.

vascular disease mortality."! However, the general features
of copeptin in hemodialysis patients were not investigated
sufficiently, although copeptin was considered as a useful
biomarker for dialysis patients with heart disease. In the
case of vasopressin, several studies described a change in
blood level during hemodialysis.'>'* They went on to report
that vasopressin level was high before hemodialysis due to
increased plasma osmolality and that vasopressin decreased
if there was a fall in plasma osmolality, although body flu-
ids were removed during hemodialysis. Furthermore, the
studies indicated that the decreased vasopressin during he-
modialysis was found to be associated with intradialytic hy-
potension and that hypertonic saline injection stimulated
the release of vasopressin, which prevented intradialytic
hypotension.!¢!’

Our results showed that the copeptin level in hemodialy-
sis patients was higher than in healthy people. This result is
similar to the case of vasopressin described by previous
studies. However, our study also showed that copeptin had
no significant correlation with plasma osmolality. Rather,
copeptin had a significant positive correlation with pre-dial-
ysis body fluid volumes. This result is confusing, as it is dif-
ferent from that of previous studies and body fluid amounts
usually have a negative association with vasopressin levels.
Our hypothesis is that hemodialysis patients may have vari-
ous stimulating factors for vasopressin release irrelevant to
plasma osmolality and body fluid volume, for example, a
decrease in effective circulating volume, LV dysfunction, or
nonspecific stress such as uremia. Schrier, et al.'® also indi-
cated that vasopressin could be controlled by non-osmotic
factors other than osmotic stimuli. We believe that hemodi-
alysis patients with uncontrolled volume status usually have
more of these non-osmotic stimulating factors for vasopres-
sin release than patients with controlled volume status. Th-
erefore, it is believed that copeptin demonstrates a positive
association with body fluid volume and that the higher level
of copeptin in hemodialysis patients is attributed to various
non-osmotic factors as well as plasma osmolality. Addition-
ally, our results showed that copeptin decreased together with

plasma osmolality. According to previous research, vaso-
pressin and plasma osmolality did not decrease during iso-
lated ultrafiltration, though both decreased during conven-
tional hemodialysis, which indicated that a decrease in
vasopressin during hemodialysis was not due to the direct re-
moval of vasopressin by hemodialysis.'>!>!¢ We believe that
copeptin also changes in the same way as the vasopressin
described previously in these studies.

Previous studies also indicated that copeptin was related
to LV dysfunction in the patients who did not receive dialy-
sis.*!? Our study investigated whether copeptin could be re-
lated to LV dysfunction in hemodialysis patients. Based on
a previous study, an NT-proBNP of 5300 pg/mL was set as
a standard for the determination of LV dysfunction.” When
compared to the patients with normal LV function, the pa-
tients with LV dysfunction had higher pre-copeptin levels.
Such a result is similar to the findings of copeptin from pre-
vious studies conducted on heart failure patients who did
not receive dialysis. As a result, our study indicates that co-
peptin can be a useful marker for the diagnosis of LV dys-
function in hemodialysis patients. ROC curve analysis
showed that pre-copeptin had a diagnostic value in the pa-
tients with LV dysfunction. The cut-off value was 125.48
pg/mL.

Collectively, our study indicates that copeptin increases in
hemodialysis patients and is higher in hemodialysis patients
with LV dysfunction. We believe that copeptin can be a use-
ful marker for hemodialysis patients with LV dysfunction.
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