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Copeptin as a promising biomarker of cerebrovascular events: A minireview

Kamila Smolikova'?, Pavel Potuznik'2, Marek Peterka'?, Jakub Vejskal'2, Martina Pestova’

Cerebrovascular events remain a major health issue, and despite significant improvements in diagnosis and treatment
in recent years, their high morbidity and mortality mean that increasing attention is now being given to prevention
and early prediction. One option for achieving this is to examine various biomarkers. This mini review covers copeptin,
a 39-amino-acid glycopeptide, derived from the precursor protein pre-provasopressin. Copeptin shows great potential
in the diagnosis and prognosis of diverse diseases, including cerebrovascular events. Compared to arginine vasopressin
or cortisol alone, it shows better potential for use in emergency care due to its rapid determination. Understanding
the role of copeptin and its clinical applications is essential for advancing patient care and treatment strategies. This
mini review presents selected studies on the use of copeptin as a potential biomarker for cerebrovascular events. Its
level correlates with the severity of both clinical and radiological impairment after a stroke. A correlation has been
demonstrated between copeptin levels and the ability to predict a cerebrovascular event recurrence within 90 days
after a transient ischemic attack. This mini review also includes the limits to copeptin, which are influenced by selected
vascular risk factors for cerebrovascular events.

COPEPTIN AS A PROMISING BIOMARKER OF CEREBROVASCULAR EVENTS: A MINIREVIEW
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INTRODUCTION nal (HPA) axis, which is activated in response to stressful
events. Its role in maintaining the balance of the cardio-

Arginine vasopressin (AVP, vasopressin, antidiuretic ~ vascular system is important in that it regulates vascular
hormone), released from the neurohypophysis, is one of  tone and fluid homeostasis. Copeptin itself, as a 39-amino
the essential hormones of the hypothalamic-pituitary-adre-  acid peptide, represents the C-terminal portion of pre-
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Fig. 1. Illustration of pre-pro-vasopressin?.

Signal, signal sequence; Vasopressin (dark blue), arginin vaso-
pressin, or AVP; Neurophysin II (pale blue); Copeptin (light
blue) as the C-terminal segment of pro-AVP; The numbers rep-
resent the number of amino acids in the protein

pro-AVP, which is proteolytically cleaved during axonal
transport into vasopressin, neurophysin II, and copeptin
(Fig. 1.) (ref.!).

AVP causes arteriolar vasoconstriction via the V1 re-
ceptor and, via the V2 receptor, has an antidiuretic effect
in the kidneys, which can lead to hypovolemic or nor-
movolemic hyponatremia and low plasma osmolality. V3
receptors are mainly found in the central nervous system,
and their stimulation regulates corticotropic secretion and
thus participates in the secretion of adrenocorticotropic
hormone (ACTH) and cortisol**.

Copeptin is then secreted in equimolar proportions
with AVP and, in the event of a synergistic effect with
corticoliberin on the secretion of adrenocorticotropic hor-
mone (ACTH) and cortisol, the level of copeptin would
then also reflect the degree of stress™S.

When determining levels, copeptin itself is compa-
rable to AVP and cortisol. It is more stable, with stabil-
ity at room temperature lasting around 1-2 weeks, and
has a longer half-life. In addition, cortisol is adversely
affected by circadian rhythms and dynamics during stress
responses, and serum AVP is bound to blood platelets by
around 90% (ref.”). The results are available within an
hour, making it a useful biomarker in emergency care as
a prognostic factor in patients with acute illnesses such as
lower respiratory tract infections, cardiovascular diseases,
and cerebrovascular events (Table 1) (ref.?).

Copeptin in acute ischemic stroke
Stroke remains a major issue, and despite significant
improvements in diagnosis and treatment in recent years,

more attention is being paid to prognosis and prediction
of clinical outcome. Copeptin, as a surrogate for AVP, has
become one of the biomarkers with promising potential
as a prognostic and predictive biomarker for acute stroke
due to the role of AVP in the exacerbation of inflamma-
tory responses, ion and neurotransmitter dysfunction, and
thus the development of cerebral edema with a consequent
increase in intracranial pressure'’.

Oraby et al. (2021) processed data from 90 individu-
als, 45 patients with first acute ischemic stroke with onset
of symptoms within 24 hours and 45 healthy controls.
Significantly higher levels of copeptin were found in pa-
tients with acute ischemic stroke (P=0.001) compared to
healthy individuals. Significantly elevated copeptin levels
were also found in patients with severe stroke assessed
according to the NIHSS scale > 16 or mRS 3-6 than in pa-
tients with mild to moderate stroke (NIHSS 0-15 or mRS
0-2) (ref.""). This finding is supported by other studies by
Zenga et al., Dong et al., and Katana et al.'®¢",

One of the more recent studies, Montellano et al.
(2024), looked at the possibility of improving the predic-
tion of functional scores after ischemic stroke by adding
various biomarkers, including copeptin, to established
clinical scores (e.g., ASTRAL, NIHSS). Copeptin was
confirmed as a predictor of functional outcome and mor-
tality in patients after ischemic stroke'®.

Oraby et al. also examined the effect of thrombolytic
therapy (IVT) using rTPA in acute ischemic stroke on
copeptin levels, which were significantly lower in pa-
tients treated with IVT (P=0.049). Low copeptin levels
are thought to be associated with a lack of worsening or
progression of the ischemic lesion and improvement in
neurological deficits after IVT treatment'®.

A 2024 publication, (Vasile et al.) found a correlation
between copeptin levels and the efficacy of thrombolytic
therapy and this could be used to stratify patients before
deciding on the treatment®.

It was also interesting to find a positive correlation
between copeptin levels and the initial volume of infarc-
tion measured by CT or MRI of the brain, which can
be interpreted as a connection between serum copeptin

Table 1. Use of copeptin as a biomarker in emergency care for selected cerebrovascular events (CVE).

Type of cerebrovascular  Predicted result Statistical data  Significance of copeptin Ref.

event

Acute ischemic stroke 90-day mortality AUC=0.82 Predictive marker 10

Functional outcome (mRS > 3) AUC=0.73 Good prediction of adverse outcome 10

__________ mRS after 3 months P<0.001 Significantly higher level in mRS 3-6 11

Hemorrhagic stroke NIHSS and mRS Not quantified  Significant correlation with 12

(intracerebral correlation clinical severity

hemorrhage) 30-day mortality AUC=0.88 Predictive marker 13
__________ 90-day functional outcome AUC=0.68 Predictive marker 13

Subarachnoid Patients with SAH vs. healthy P<0.001 Diagnostic marker 14

hemorrhage controls

TIA (transient ischemic  Recurrence of stroke within 90 AUC=0.73 Higher level in patients with 15

attack) days subsequent stroke

Inspired by the table by Nickel et al.?
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levels and cerebral edema, which develops shortly after
the onset of focal ischemia?®'.

A study by Vasile et al. published this year, analyzed
29 professional articles with the aim of expanding the
use of copeptin as a differential diagnostic marker in dis-
tinguishing acute stroke from conditions that only mimic
it. Although the authors point out that further studies
are needed, they confirm the possible role of copeptin in
distinguishing between subtypes of stroke and conditions
mimicking stroke. This study has added another impor-
tant role for copeptin in acute neurology?.

However, it is important to comment on the timing
of blood sampling for the determination of copeptin and
thus its diagnostic and prognostic value. According to
Spagnolello et al., copeptin levels are highest on admis-
sion of patients with acute ischemic stroke (median 50.71
pmol/L) and decrease significantly during the following
24 h. To avoid false negative results in late sampling, the
authors recommend sampling as early as possible, ideally
in the early window, to capture the maximum prognostic
value of the biomarker?*.

This dynamic supports the use of copeptin as an early
biomarker in acute conditions. If serial measurements
were considered, they could be useful in cases of unclear
time of onset of stroke symptoms, monitoring the develop-
ment of stress response, or complications.

Copeptin measurement can significantly influence
treatment algorithms in patients with acute stroke.
According to Vasile et al., it can not only predict the oc-
currence of ischemic stroke itself, but also help predict
the effectiveness of recanalization therapy and identify
patients at higher risk of complications®.

Karatzetzou et al. recommend its inclusion in deci-
sion-making algorithms for individualized care, as in pre-
vious studies®.

In an emergency setting, according to Nickel et al.,
it can serve as a tool for rapid risk stratification, where
copeptin measurement can speed up decision-making in
acute conditions such as stroke?.

Copeptin as a predictive biomarker for recurrent
cerebrovascular events

Katan et al. conducted a prospective study involving
107 patients with transient ischemic attack. At the begin-
ning of the study, all patients were assigned an ABCD2
score and their copeptin and cortisol levels were measured
in order to identify a more reliable prognostic biomarker
for stratifying the risk of recurrent cerebrovascular events
(TIA or ischemic stroke) within 90 days of the first event.
This study demonstrated the importance of copeptin as a
prognostic marker, unlike cortisol, as nine percent of pa-
tients with elevated baseline copeptin levels experienced
recurrence. Cortisol was not a more suitable prognostic
marker. Copeptin showed a higher area under the curve
(AUCQC) for predicting re-events compared to the ABCD2
score (AUC 0.73 vs 0.43; P<0.01) and showed better
prognostic accuracy (AUC of the combined model 0.77;
P=0.002) (ref.b).

A prospective multicenter study involving 302 patients
with TIA from three stroke centers in Switzerland and
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Germany, similar to previous studies, investigated co-
peptin as a predictive factor for recurrent cerebrovascu-
lar events within three months after TIA. It also focused
on the correlation between copeptin levels and ABCD2
and ABCD3-I scores. The association with recurrent cere-
brovascular events (TIA or ischemic stroke) 3 months
after the first event was not significant, but significantly
higher copeptin levels were measured in patients with
stroke within 3 months of TIA. After adding copeptin to
the ABCD2 score, the area under the ABCD?2 score curve
improved from 0.60 to 0.74, thereby improving the prog-
nostic value of the ABCD?2 score for predicting stroke?.

A meta-analysis by Xu et al. involving patients with
acute stroke and TTA also demonstrated that higher levels
of copeptin are significantly associated with stroke recur-
rence within 90 days (P<0.001), independently of other
risk factors?.

Copeptin limits

Like most biomarkers, copeptin is beset with issues
of interpretation.

In the following studies, copeptin levels are reported
either in molar units (pmol/L) or in mass units (pg/mL),
with 1 pmol/L corresponding to approximately 5 pg/mL,
based on the molecular weight of copeptin reported in the
scientific literature, which is 5 kDa (ref.?").

In healthy individuals, serum copeptin levels are deter-
mined to be between 1 and 12 pmol/L (ref.?®). Blek et al.,
found the average level of copeptin in patients with CVE
was 19.8 + 17.4 pmol/L, compared to 9.7 + 6.6 pmol/L
in healthy controls. The study also reports the copepin
level in patients with unfavorable CVE progression (mRS
3-6), which was 29.4 + 14.5 pmol/L, while in patients
with favorable progression (mRS 0-2) it was 12.0 = 3.6
pmol/L (ref.?).

Zhou et al. report that copeptin levels in patients with
stroke correlate with NIHSS and mRS clinical scores,
with values as high as 44.66 ng/mL (ref."?).

The cited study by Oraby et al. reports values in pa-
tients with acute ischemic stroke of 120.52 + 45.7 pg/
mL, compared to healthy controls, in whom lower values
of 76.51 = 32.8 pg/mL were recorded. In patients with
severe stroke (NIHSS > 16, mRS 3-6), the average value
was 139.45 £ 38.7 pg/mL, while in patients with mild to
moderate stroke (NIHSS 0-15 or mRS 0-2) 95.47 + 40.3
pg/mL (ref.').

Copeptin levels may also signal various complications
of stroke, such as pneumonia, early neurological deteriora-
tion, or delayed cerebral ischemia?*.

However, there is still no uniform reference value for
copepin levels in patients with stroke, which limits its ap-
plication in practice.

Copeptin levels vary between the genders, with higher
levels in men than in women. Reduced copeptin clearance
may be caused by reduced glomerular filtration rate in the
male population®.

Higher levels of copeptin were also found in patients
with arterial hypertension, diabetes mellitus (especially
type 2), dyslipidemia, and higher BMI. Studies differ on
the effect of age on copeptin levels. Studies by Molnar et
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al. and Oraby et al. show a statistically significant positive
correlation with patient age®"!!. On the other hand, Wang
and his colleagues found no correlation between copeptin
levels and different age groups?2.

Available studies do not indicate that copeptin levels
are affected by food intake, but even small amounts of oral
fluid intake can significantly reduce its levels®.

These interindividual variations may complicate
the use of copeptin as a universal prognostic tool.
Furthermore, it is important to note that copeptin reflects
activation of the stress axis, meaning that its levels may
also be elevated in other acute conditions, which may
reduce its specificity for CVE.

CONCLUSION

The stability of copeptin, its rapid response to stress,
and its correlation with disease severity make it an im-
portant biomarker in medicine, particularly in the field
of cerebrovascular disease. Its presence in individuals ex-
posed to significant or prolonged stress can be assessed
as a risk factor, and primary prevention can focus on pro-
cedures that reduce stress levels. In an existing stroke,
it can be used as one of the prognostic and predictive
biomarkers involved in the course of the stroke and its
clinical outcome.

Search strategy and selection criteria

The search for professional studies published between
1983 and 2025 was conducted from December 2024 to
July 2025 primarily in international online bibliographic
databases supporting scientific and medical research,
such as Pubmed, BBC Medicine, and Science Direct. The
Czech portal AIM Journal was an exception. Specifically,
the terms “copeptin,” “cerebrovascular events,” “vascular
risk factors,” and “biomarker” were searched. The aim of
this short review was to familiarize readers with a promis-
ing prognostic and predictive biomarker of cerebrovascu-
lar accidents - the glycopeptide copeptin - with a view to
improving primary prevention and prediction of cerebro-
vascular accidents. Its physiology, role in cerebrovascular
accidents, limitations, and influence of vascular risk fac-
tors were discussed.

”

ABBREVIATIONS

ABCD?2 score, Prognostic scoring system for estimat-
ing the risk of CVA recurrence after TIA; ABCD3-I score,
Extended version of the ABCD2 score including imaging
findings and history of recurrent TIAs, thereby increasing
the accuracy of prediction; ACTH, Adrenocorticotropic
hormone; ASTRAL score, A tool used to predict the out-
come of acute ischemic stroke; AVP, Arginine vasopressin,
vasopressin; AUC, Area under the curve; BMI, Body Mass
Index; CVE, Cerebrovascular events; GCS, Glagow Coma
Scale; HPA, Hypothalamic-pituitary-adrenal axis; IVT,
Intravenous thrombolysis; mRS, Modified Rankin Scale;
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NIHSS, National Institute of Health Stroke Scale; P, sta-
tistical data, the probability that the observed difference
could have arisen by chance alone; rTPA, Recombinant
tissue plasminogen activator; TIA, Transient ischemic at-
tack.
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