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Validity of different copeptin 
assays in the differential diagnosis 
of the polyuria‑polydipsia 
syndrome
Clara Odilia Sailer 1,2, Julie Refardt 1,2, Claudine Angela Blum 1,2,3, Ingeborg Schnyder1,2, 
Jose Alberto Molina‑Tijeras1, Wiebke Fenske4,5 & Mirjam Christ‑Crain 1,2*

The aim of this study was to correlate three commercially available copeptin assays and their 
diagnostic accuracy in the differential diagnosis of the polyuria‑polydipsia syndrome. Analyzed data 
include repeated copeptin measures of 8 healthy volunteers and 40 patients with polyuria‑polydipsia 
syndrome undergoing osmotic stimulation and of 40 patients hospitalized with pneumonia. Copeptin 
was measured using the automated Brahms KRYPTOR, the manual Brahms LIA and the manual Cloud 
Clone ELISA assay. Primary outcome was the interrater correlation coefficient (ICC) and diagnostic 
accuracy in the polyuria‑polydipsia syndrome of the three assays. In healthy volunteers, there 
was a moderate correlation for the KRYPTOR and LIA (ICC 0.74; 95% CI 0.07 to 0.91), and a poor 
correlation for the KRYPTOR and ELISA (ICC 0.07; 95% CI − 0.06 to 0.29), as for the LIA and ELISA 
(ICC 0.04; 95% CI − 0.04 to 0.17). The KRYPTOR had the highest diagnostic accuracy (98% (95% CI 
83 to100)), comparable to the LIA (88% (95% CI 74 to 100)), while the ELISA had a poor diagnostic 
accuracy (55% (95% CI 34 to 68)) in the differential diagnosis of the polyuria‑polydipsia syndrome. 
The KRYPTOR and LIA yield comparable copeptin concentrations and high diagnostic accuracy, 
while the ELISA correlates poorly with the other two assays and shows a poor diagnostic accuracy 
for polyuria‑polydipsia patients. The current copeptin cut‑off is valid for the KRYPTOR and LIA 
assay. Our results indicate that interpretation with other assays should be performed with caution 
and separate validation studies are required before their use in differentiating patients with 
polyuria‑polydipsia syndrome.
Trial registration: NCT02647736 January 6, 2016/NCT01940614 September 12, 2013/NCT00973154 
September 9, 2009.

Copeptin (also known as CT-proAVP) is the c-terminal portion of pre-pro-vasopressin, the precursor of the 
pituitary hormone vasopressin, which is the main regulator hormone of the sodium-water  homeostasis1–4. In 
comparison to the instable and difficult to measure hormone vasopressin, copeptin is easily handled, is stable at 
room temperature and provides a reliable measure of the bioactive  hormone1. As copeptin mirrors the physiologi-
cal and pathological features of the pituitary hormone vasopressin, despite its different half-time, it is considered 
a true surrogate marker for vasopressin and has been increasingly used in clinical research and routine  instead5,6. 
There are two main clinical implications of copeptin: first, as copeptin and vasopressin correlate closely over a 
wide range of plasma osmolality, copeptin can be used as a marker for vasopressin activity in the sodium-water 
 homeostasis5,6. In this regard, copeptin has been investigated in the differential diagnosis of the polyuria-poly-
dipsia  syndrome7–9. It has been shown that copeptin is able to differentiate between patients with central diabetes 
insipidus, i.e., lack of vasopressin, and primary polydipsia following the hypertonic saline or arginine infusion 
test with a higher diagnostic accuracy than the long-time used indirect water deprivation  test8,9. Second, copeptin 
is elevated in critically ill patients, such as pneumonia, stroke or myocardial  infarction10,11 and has been shown 
to predict outcome of these diseases, with higher copeptin levels correlating with an unfavorable  outcome11,12.
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As for many other hormones and biomarkers, different types of immunoassays exist to measure copep-
tin. While some assays show a high inter-assay  correlation13, others may yield quite different  results14. To the 
best of our knowledge, there is no study investigating the inter-assay correlation of different copeptin assays. 
This is especially important with regards to the copeptin cut-off used in the differential diagnosis of the 
polyuria-polydipsia syndrome.

Therefore, the aim of this study was to compare three commercially available copeptin assays in different 
settings: first, over a wide range of serum osmolality in healthy volunteers, second, in the differential diagnosis 
of the polyuria-polydipsia syndrome, and third, in critically ill patients with community acquired pneumonia.

Methods
Patients and controls. For this analysis, data was combined from three different studies: first, healthy vol-
unteers undergoing a test protocol of osmotic stimulation with hypertonic saline  infusion5; second, patients with 
polyuria-polydipsia syndrome undergoing a hypertonic saline infusion as differential diagnosis between patients 
with central diabetes insipidus and primary  polydipsia8; third, severely ill patients admitted to the hospital with 
community acquired  pneumonia15. Full details of the studies rationales, designs and statistical analyses have been 
published  elsewhere5,8,15. All three studies were registered on ClinicalTrials.gov (NCT02647736/NCT01940614/
NCT00973154), conducted in accordance to the declaration of Helsinki and Good Clinical Practice Guidelines, 
and approved by the local ethical committees of all participating sites (Switzerland: Ethics Committee Northwest 
and Central Switzerland (EKNZ), Ethics Committee of Berne (KEK); Germany: the Ethical Committee of the 
University of Leipzig, Ethics Committee of the Medical Faculty of the Julius-Maximilians-University Würzburg; 
Brazil: Ethics Committees of the Federal University of Minas Gerais). Written informed consent was obtained 
from each participant after full explanation of the purpose and nature of all procedures used.

Study procedure and expected copeptin concentrations in the original studies. Healthy volun‑
teers. Participants were recruited at two tertiary care hospitals in Switzerland and Germany from September 
2012 to July  20165. Participants received hypertonic saline infusion (3% NaCl) while plasma sodium and copep-
tin were measured every 30 min until plasma sodium increased to > 147 mmol/l5. Expected copeptin concentra-
tions cover the range of normal plasma copeptin, i.e., 1.23 pmol/l to 40 pmol/l.

Polyuria‑polydipsia syndrome. Patients with polyuria-polydipsia syndrome, i.e., patients with complete central 
diabetes insipidus or primary polydipsia, were recruited at 11 tertiary medical centers in Switzerland, Germany, 
and Brazil from July 2013 to June  20178. Patients underwent a test protocol with hypertonic saline infusion (3% 
NaCl). Blood for the analysis of copeptin was sampled at baseline and once plasma sodium was > 149 mmol/l. 
According to the results of the indirect classical water deprivation test, patients’ history and therapy response, 
patients were diagnosed by experienced and board certified endocrinologists. Expected copeptin concentrations 
cover the lower range of plasma copeptin, 1.23 pmol/l to 6 pmol/l, while stimulated plasma copeptin allows for 
the differential diagnosis of the polyuria-polydipsia syndrome.

Severely ill patients. Patients hospitalized with community acquired pneumonia were recruited in seven ter-
tiary care hospitals in Switzerland from December 2009 to May  201415. Community acquired pneumonia was 
defined by a new infiltrate on chest radiograph and the presence of at least one of the following acute respiratory 
signs and symptoms: cough, sputum production, dyspnea, core body temperature of 38.0 °C or higher, ausculta-
tory findings of abnormal breathing sounds or rales, leucocyte count > 10,000 cells per μl or < 4000 cells per μl. 
Patients had blood sampling for copeptin concentrations on admission to the medical emergency  department15. 
Expected copeptin concentrations cover the range of high plasma copeptin, i.e., above 40 pmol/l.

Laboratory measurements and copeptin assays. In all three studies, blood for copeptin analysis was 
sampled in EDTA plasma tubes, immediately centrifuged at 4 °C for 10 min at 4000 rpm and stored at − 80 °C 
until analysis. Storage time for severely ill patients was longest (5–10 years), moderate in healthy volunteers 
(4–8 years) and shortest in patients with polyuria-polydipsia syndrome (3–7 years). Analysis for this study was 
performed for each assay in one batch with the same freeze–thaw cycles. Several “research use only” (RUO) and 
few CE marked (in vitro diagnostic, IVD) copeptin assays are commercially available. Copeptin was measured 
in duplicates with the Brahms Copeptin proAVP KRYPTOR assay (short KRYPTOR), the Brahms CT-proAVP 
LIA assay (short LIA) and the Cloud Clone CT-proAVP ELISA assay (short ELISA). The first two assays are CE 
marked while the Cloud Clone is an example of a RUO, which are mainly based on ELISA technology.

The KRYPTOR. The KRYPTOR is a CE marked automated immunofluorescent assay for the quantitative 
determination of copeptin. The measurement principle is based on Time-Resolved Amplified Cryptate Emis-
sion Technology (TRACE), which measures the signal that is emitted from an immunocomplex with a time 
delay. The fluorescent signal is emitted once the donor and acceptor antibodies form an immunocomplex with 
the antigen. The signal is proportional to the copeptin concentration.

According to the manufacturer’s instructions for use, the limit of detection was assessed as being 0.69 pmol/l, 
the intra-assay coefficient of variation as ranging from < 15% to < 4% for copeptin concentrations of 2 pmol/l 
to > 50 pmol/l and the inter-assay precision as ranging from < 18% to < 5% for copeptin concentrations from 
2 pmol/l to > 50 pmol/l.
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The LIA. The LIA is a CE marked immunoluminometric assay for quantitative determination of copeptin. Two 
antigen-specific antibodies bind copeptin at two different binding sites of which one is a labelled (chemilumines-
cent) tracer and the other is fixed to the inner walls of the reaction tubes (capture antibody; coated tube system). 
During incubation, both antibodies react with copeptin to form a sandwich complex. The tracer is quantified by 
measuring the luminescent signal and the signal intensity is proportional to the copeptin concentrations bound 
to the capture antibody.

According to the manufacturer’s instruction for use, the limit of detection was assessed as being 0.4 pmol/l, 
the intra-assay coefficient of variation as being < 5% for copeptin concentrations of > 2 pmol/l and the inter-assay 
coefficient of variation as being < 10% for copeptin concentrations > 2.5 pmol/l.

The ELISA. The ELISA is a “research use only” sandwich enzyme immunoassay for the in vitro quantitative 
measurement of copeptin. The microplate is pre-coated with an antibody specific to copeptin. During the incu-
bation, the specific antibodies react with copeptin which leads to a color change. The color change is propor-
tional to the copeptin concentrations and measured with a spectrophotometer at a wavelength of 450 nm. The 
copeptin concentration is determined by comparing the results to a standard curve.

According to the manufacturer’s manual, the limit of detection was assessed as being 1.4 pmol/l, the intra-
assay coefficient of variation as being < 10% and the inter-assay coefficient of variation as being < 12% for the 
whole copeptin measuring range.

Statistical analysis. The full analysis set included the data where copeptin was measured with all three 
assays (n = 150). Results are shown as median and interquartile range (IQR) and number (n) with percentage 
(%), appropriately. Three-group comparison for paired samples was done using the Friedman test. Two-group 
posthoc comparison was done using the Wilcoxon signed-rank test for paired samples with p-value adjustment 
according to Bonferroni.

Assay agreement was assessed using the intraclass correlation coefficient (ICC), a correlation analysis used to 
assess the consistency of two observers measuring the same quantity, herein copeptin concentrations measured 
with the KRYPTOR, the LIA and the ELISA. An ICC < 0.5 was considered a poor correlation, an ICC between 
0.50 and 0.75 was considered a moderate correlation, an ICC between 0.75 and 0.90 was considered a good cor-
relation and an ICC > 0.90 was considered an excellent  correlation16. Graphical representation of how well the 
three copeptin assays correlate and mean copeptin difference between the assays including the lower and upper 
confidence limits was performed using the Bland–Altman Plot and the Bland–Altman Statistics.

Differential diagnosis of patients with polyuria-polydipsia syndrome was conducted using the area under 
the receiver operating characteristic curve (AUC) to assess the sensitivity and specificity of each copeptin assay. 
The “diagnostic gold standard” was used with the final diagnosis of the previous publication using the validated 
copeptin cut off of 4.9 pmol/l8.

Statistical and graphical analyses were performed using the statistic program R Statistical  Software17. Hypoth-
esis testing was two-sided and p-values < 0.05 were considered statistically significant.

Results
Patients’ characteristics. We included 8 healthy volunteers with a total of 30 plasma copeptin measure-
ments (8 at baseline and 22 with rising plasma osmolality until serum sodium > 147 pmol/l), 40 patients with 
polyuria-polydipsia syndrome, 20 patients with primary polydipsia and 20 patients with complete central dia-
betes insipidus, with a total of 80 copeptin measurements (40 basal and 40 osmotically stimulated copeptin 
measurements), and 40 severely ill patients with community acquired pneumonia, with a total of 40 copeptin 
measurements (all on admission to the medical emergency department). Baseline characteristics of the three 
patient cohorts are displayed in Table 1. The median plasma copeptin concentrations for all three assays are 
displayed in Table 2.

Different copeptin assays in healthy volunteers. Median plasma copeptin concentrations. There 
was a significant difference between the three assays (p-value < 0.001), with the LIA reporting the lowest and 
the ELISA reporting the highest copeptin concentrations (posthoc analysis: KRYPTOR vs LIA p-value < 0.001; 
KRYPTOR vs ELISA p-value < 0.001; LIA vs ELISA p-value < 0.001).

Table 1.  Baseline Characteristics of all three cohorts. Continuous variables are expressed as median 
[Interquartile range], categorical variables as number and percentage. BMI body mass index, n number, bpm 
beats per minute, mmHg millimeter mercury.

Healthy volunteers Polyuria-polydipsia patients Severely ill patients

Number of patients 8 40 40

Age (years) 25.5 [23.8, 35.2] 40.0 [28.8, 49.2] 85.0 [79.5, 89.2]

Male sex, n (%) 4 (50) 20 (50) 29 (72)

BMI (kg/m2) 25.5 (8.4) 26.5 (7.1) 25.6 (4.9)

Systolic blood pressure (mmHg) 119 (12) 123 (16) 120 (25)

Diastolic blood pressure (mmHg) 75 (8) 76 (9) 64 (14)

Heart rate (bpm) 68 (7) 73 (13) 89 (23)
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Intra‑assay comparison. There was an excellent correlation between the duplicated copeptin measure-
ments using the KRYPTOR (ICC 0.99 (95% CI 0.99 to 1), mean copeptin difference − 0.08 pmol/l, (95% lim-
its − 0.75 to 0.48)); an excellent correlation using the LIA (ICC 0.90 (95% CI 0.81 to 0.95), mean copeptin dif-
ference − 0.55 pmol/l (95% limits − 6.69 to 5.59)); and a good correlation using the ELISA (ICC 0.81 (95% CI 
0.63 to 0.90), mean copeptin difference 0.92 pmol/l (95% limits − 17.32 to 19.16)) (Fig. 1a–c).

Inter‑assay comparison. There was a moderate correlation between the mean copeptin concentrations using 
the KRYPTOR and the LIA (ICC 0.74 (95% CI 0.07–0.91), mean copeptin difference 5.51 pmol/l (95% lim-
its − 4.16 to 15.18)); a poor correlation using the KRYPTOR and the ELISA (ICC 0.07 (95% CI − 0.06 to 0.29), 
mean copeptin difference − 30.8  pmol/l (95% limits − 60.63 to − 1.03)); and a poor correlation using the LIA 
and the ELISA (ICC 0.04 (95% CI − 0.04 to 0.17), mean copeptin difference − 36.34 pmol/l (95% limits − 63.37 
to − 9.32)) (Fig. 2a–c).

Different copeptin assays in the differential diagnosis of polyuria‑polydipsia syndrome. Me‑
dian plasma copeptin concentrations. There was a significant difference between the three assays (p-val-
ue < 0.001). The posthoc analysis indicated that there was no significant difference between the KRYPOTR and 
the LIA (p-value = 0.70) but that there was a significant difference between the KRYPOTR and the ELISA (p-
value < 0.001) as well as the LIA and the ELISA (p-value < 0.001).

Central diabetes insipidus. There was no significant difference in basal nor stimulated plasma copeptin con-
centrations in patients with central diabetes insipidus between the KRYPTOR or the LIA (basal p-value = 0.52, 
stimulated p-value = 1), but the ELISA reported significantly higher copeptin concentrations compared to both 
assays (basal and stimulated p-value < 0.001).

Primary polydipsia. There was no significant difference in basal plasma copeptin concentrations in patients 
with primary polydipsia between the KRYPTOR and the LIA (p-value = 1), but the ELISA reported significantly 
higher copeptin concentrations compared to the other two assays (p-value < 0.001). There was no significant 
difference between any of the assays for stimulated copeptin concentrations in patients with primary polydipsia 
(p-value = 0.1) (Table 3).

Diagnostic accuracy. The overall diagnostic accuracy of the hypertonic saline infusion test with the previously 
established copeptin cut-off of 4.9 pmol/l7,8 in the differential diagnosis of the polyuria-polydipsia syndrome was 
poor using the ELISA (55% (95% CI 34–68) (Table 4, Supplementary Fig. S1). The sensitivity (correctly identify-
ing patients as having central diabetes insipidus) was 10% (95% CI 1, 32) and the specificity (correctly identify-
ing patients as having primary polydipsia was 100% (95% CI 83, 100) using the ELISA. The diagnostic accuracy, 
sensitivity and specificity of the KRYPTOR and LIA are comparable to what has been shown in previous studies 
by Timper et al. and Fenske et al.7,8.

Different copeptin assays in critically ill patients with community acquired pneumonia. Medi‑
an plasma copeptin concentrations. There was a significant difference between the three assays (p-value = 0.025). 

Table 2.  Median copeptin concentrations of all three patients’ cohorts at any measured timepoint using the 
three different copeptin assays. Copeptin was measured in duplicates with the KRYPTOR, the LIA and the 
ELISA. Continuous variables are expressed as median [interquartile range]. Three-group comparison was done 
using the Friedman Test. Posthoc two group comparison was done using the paired Wilcoxon Sign Rank Test 
with Bonferroni p-value adjustment. *Statistically significant.

KRYPTOR LIA ELISA p-value

Healthy volunteers (n = 30)

Plasma copeptin (pmol/l) 14.7 [8.8, 20.6] 10.1 [7.1, 14.0] 48.1 [35.4, 59.0]  < 0.001*

 KRYPTOR vs LIA 14.7 [8.8, 20.6] 10.1 [7.1, 14.0] –  < 0.001*

 KRYPTOR vs ELISA 14.7 [8.8, 20.6] – 48.1 [35.4, 59.0]  < 0.001*

 LIA vs ELISA – 10.1 [7.1, 14.0] 48.1 [35.4, 59.0]  < 0.001*

Severely ill patients (n = 40)

Plasma copeptin (pmol/l) 74.3 [50.5, 135.1] 70.9 [47.8, 108.6] 80.1 [70.2, 125.0] 0.025*

 KRYPTOR vs LIA 74.3 [50.5, 135.1] 70.9 [47.8, 108.6] – 0.023*

 KRYPTOR vs ELISA 74.3 [50.5, 135.1] – 80.1 [70.2, 125.0] 1

 LIA vs ELISA – 70.9 [47.8, 108.6] 80.1 [70.2, 125.0] 0.71

Polyuria-polydipsia patients (n = 80)

Plasma copeptin (pmol/l) 2.9 [1.6, 10.3] 2.8 [0.7, 9.7] 17.9 [11.3, 28.9]  < 0.001*

 KRYPTOR vs LIA 2.9 [1.6, 10.3] 2.8 [0.7, 9.7] 0.70

 KRYPTOR vs ELISA 2.9 [1.6, 10.3] 17.9 [11.3, 28.9]  < 0.001*

 LIA vs ELISA 2.8 [0.7, 9.7] 17.9 [11.3, 28.9]  < 0.001*
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Figure 1.  Intra-assay difference in copeptin concentrations in healthy volunteers. Bland–Altman graph of intra-assay 
difference in copeptin concentrations in healthy volunteers for (a) the KRYPTOR, (b) the LIA and (c) the ELISA. The dotted 
middle line represents the mean difference in copeptin concentrations between the two different assays (a): − 0.08 pmol/l (95% 
limits − 0.75 to 0.48), (b): − 0.55 pmol/l (95% limits − 6.69 to 5.59), (c): 0.92 pmol/l (95% limits − 17.32 to 19.16)). The outer 
dotted lines represent the 95% confident interval limits of agreement. (a) KRYPTOR 1 vs KRYPTOR 2, (b) LIA 1 vs LIA 2, (c) 
ELISA 1 vs ELISA 2.
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Figure 2.  Inter-assay difference in copeptin concentrations in healthy volunteers. Bland–Altman graph of inter-assay 
difference in copeptin concentrations in healthy volunteers for (a) the KRYPTOR vs LIA, (b) the KRYPTOR vs ELISA and (c) 
the LIA vs ELISA. The dotted middle line represents the mean difference in copeptin concentrations between the two different 
assays ((a): 5.51 pmol/l (95% limits − 4.16 to 15.18), (b): − 30.8 pmol/l (95% limits − 60.63 to − 1.03), (c): − 36.34 pmol/l (95% 
limits − 63.37 to − 9.32)). The outer dotted lines represent the 95% confident interval limits of agreement. (a) KRYPTOR vs 
LIA, (b) KRYPTOR vs ELISA, (c) LIA vs ELISA.
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The posthoc analysis indicated that there was a significant difference between the KRYPOTR and the LIA (p-
value = 0.023) but no significant difference between the KRYPOTR and the ELISA (p-value = 1) nor the LIA and 
the ELISA (p-value = 0.71).

Intra‑assay comparison. There was an excellent correlation between the duplicated copeptin measurements 
using the KRYPTOR (ICC 0.99 (95% CI 0.99 to 1), mean copeptin difference − 0.12 pmol/l (95% limits − 5.4 to 
5.7)); an excellent correlation using the LIA (ICC 0.99 (95% CI 0.98 to 0.99), mean copeptin difference 3.43 pmol/l 
(95% limits − 14.42 to 21.80); and a good correlation using the ELISA (ICC 0.84 (95% CI 0.71 to 0.91), mean 
copeptin difference − 1.49 pmol/l (95% limits − 41.34 to 38.36)) (Supplementary Fig. S2a–c).

Inter‑assay comparison. There was an excellent correlation between the mean copeptin measurements using 
the KRYPTOR and the LIA (ICC 0.94 (95% CI 0.89 to 0.97), mean copeptin difference 8.38 pmol/l (95% lim-
its − 32.48 to 49.24)); a poor correlation between the KRYPTOR and the ELISA (ICC 0.44 (95% CI 0.16 to 0.66), 
mean copeptin difference 5.5 pmol/l (95% limits − 104.65 to 115.64)); and a poor correlation between the LIA 
and the ELISA (ICC 0.44 (95% CI 0.14 to 0.67), mean copeptin difference − 2.65 pmol/l (95% limits − 108.25 to 
102.96)) (Supplementary Fig. S3a–c).

Table 3.  Basal and stimulated copeptin concentrations of patients with central diabetes insipidus and primary 
polydipsia upon the hypertonic saline infusion test. Copeptin was measured in duplicates with the KRYPTOR, 
the LIA and the ELISA. Results are indicated as median [Interquartile range]. Three-group comparison was 
done using the Friedman Test. Posthoc two group comparison was done using the paired Wilcoxon Sign Rank 
Test with Bonferroni p-value adjustment. *Statistically significant.

KRYPTOR LIA ELISA p-value

Central diabetes insipidus (n = 20)

Basal plasma copeptin (pmol/l) 1.6 [1.4, 1.9] 0.8 [0.4, 2.0] 18.2 [8.8, 23.1]  < 0.001*

 KRYPTOR vs LIA 1.6 [1.4, 1.9] 0.8 [0.4, 2.0] – 0.52

 KRYPTOR vs ELISA 1.6 [1.4, 1.9] – 18.2 [8.8, 23.1]  < 0.001*

 LIA vs ELISA – 0.8 [0.4, 2.0] 18.2 [8.8, 23.1]  < 0.001*

Stimulated plasma copeptin (pmol/l) 1.7 [1.3, 2.6] 1.4 [0.4, 2.3] 17.2 [12.8, 28.6]  < 0.001*

 KRYPTOR vs LIA 1.7 [1.3, 2.6] 1.4 [0.4, 2.3] – 1

 KRYPTOR vs ELISA 1.7 [1.3, 2.6] – 17.2 [12.8, 28.6]  < 0.001*

 LIA vs ELISA – 1.4 [0.4, 2.3] 17.2 [12.8, 28.6]  < 0.001*

Primary polydipsia (n = 20)

Basal plasma copeptin (pmol/l) 4.1 [2.6, 5.6] 3.4 [1.7, 5.9] 14.7 [11.1, 27.8]  < 0.001*

 KRYPTOR vs LIA 4.1 [2.6, 5.6] 3.4 [1.7, 5.9] 1

 KRYPTOR vs ELISA 4.1 [2.6, 5.6] 14.7 [11.1, 27.8]  < 0.001*

 LIA vs ELISA 3.4 [1.7, 5.9] 14.7 [11.1, 27.8] 0.001*

Stimulated plasma copeptin (pmol/l) 20.4 [13.0, 27.8] 18.0 [11.5, 26.4] 23.0 [15.7, 34.6] 0.350

 KRYPTOR vs LIA 20.4 [13.0, 27.8] 18.0 [11.5, 26.4] – 1

 KRYPTOR vs ELISA 20.4 [13.0, 27.8] – 23.0 [15.7, 34.6] 0.34

 LIA vs ELISA – 18.0 [11.5, 26.4] 23.0 [15.7, 34.6] 0.34

Table 4.  Diagnostic performance of osmotically stimulated copeptin concentrations. A copeptin cut-off of 
4.9 pmol/l was used for the differential diagnosis of central diabetes insipidus (≤ 4.9 pmol/l) and primary 
polydipsia (> 4.9 pmol/l). Copeptin was measured in duplicates using the KRYPTOR, the LIA and the ELISA. 
Diagnostic accuracy indicates correctly identifying patients as having central diabetes insipidus or primary 
polydipsia. Sensitivity indicates correctly identifying patients as having central diabetes insipidus. Specificity 
indicates correctly identifying patients as having primary polydipsia.

Diagnostic accuracy Sensitivity Specificity Positive predictive value Negative predictive value

% [95% CI] No./total no % [95% CI] No./total no % [95% CI] No./total no % [95% CI] No./total no % [95% CI] No./total no

KRYPTOR 98 [83, 100] 39/40 95 [75, 100] 19/20 100 [83, 100] 20/20 100 [82, 100] 19/19 95 [76, 100] 20/21

LIA 88 [74, 100] 35/40 80 [56, 94] 16/20 95 [75, 100] 19/20 94 [71, 100] 16/17 83 [61, 95] 19/23

ELISA 55 [34, 68] 22/40 10 [1, 32] 2/20 100 [83, 100] 20/20 100 [16, 100] 2/2 53 [36, 69] 20/38
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Discussion
This study has four main findings: first, copeptin concentrations measured by the KRYPTOR and the LIA assays 
showed a good correlation over a wide range of copeptin concentrations. Second, copeptin concentrations 
measured with the ELISA only correlate poorly with both the KRYPTOR and the LIA, especially in the lower 
detection range of copeptin concentrations. Third, the KRYPTOR and the LIA measured copeptin concentra-
tions have a high diagnostic accuracy in the differential diagnosis of the polyuria-polydipsia syndrome using 
the existing copeptin cut-off of 4.9 pmol/l. Fourth, the ELISA measured copeptin concentrations have a poor 
diagnostic accuracy in this differential diagnosis with an especially low sensitivity in correctly diagnosing patients 
with central diabetes insipidus.

The first copeptin assay was a chemiluminescence sandwich immunoassay with coated tubes, developed in 
2006 by Brahms GmbH, Hennigsdorf/Berlin,  Germany1 and validated using healthy volunteers and severely ill 
patients with  sepsis1. Over the past years, additional copeptin assays have been developed such as the automated 
 KRYPTOR18,19 and various  ELISA20–22 tests. Consequently, there are now several commercial assays increas-
ingly being used but a systematic correlation of these different assays has not yet been performed. Here, we 
compared three commercially available assays. First, a Copeptin proAVP KRYPTOR test, an assay that has been 
used, amongst others, in two recently published studies in the differential diagnosis of the polyuria-polydip-
sia  syndrome8,9,23,24. This test is most often used in clinical studies. Second, a LIA, an assay that has been used, 
amongst others, in the differential diagnosis of the polyuria-polydipsia  syndrome7 and as outcome predictor 
of stroke and  sepsis11,12,25. This test was one of the first copeptin assays and used in early clinical studies on 
copeptin. Third, an ELISA, an assay that has been used in several research studies such as a predictor of treat-
ment response in children with nocturnal enuresis, in children exposed to maltreatment and antihypertensive 
treatment  response22,26–28. Several ELISA assays have been developed by companies for research use only. The 
chosen ELISA is one of the most commonly used copeptin ELISA assays.

Our results indicate that the KRYPTOR and the LIA have a high inter-assay agreement, which means that 
they yield comparable copeptin concentrations when measuring the same sample. Even though the KRYPTOR 
compared to the LIA measures on average higher copeptin concentrations, the difference is not clinically signifi-
cant in the lower and mid-copeptin range, as evident by basal copeptin concentrations in patients with central 
diabetes insipidus and primary polydipsia. With higher copeptin concentrations, the discrepancy between the 
KRYPTOR and the LIA becomes more significant. The discrepancy in the lower range could be caused by a dif-
ferent minimal detection limit, for both cases, extreme hormonal concentrations in general are more difficult 
to  measure29–31. An alternative explanation for the discrepancy between the KRYPOTR and the LIA might be 
that there is currently no international standardization to calibrate assays measuring copeptin concentrations, 
as it exists for other assays. Furthermore, different technologies (TRACE vs chemiluminescence) are used for 
the KRYPTOR and LIA. These different technologies may lead to different results with higher variability over 
the range of copeptin concentrations. Despite these discrepancies in copeptin concentrations between the two 
assays, their diagnostic accuracy in the polyuria-polydipsia syndrome was excellent and there was no significant 
difference in patients with central diabetes insipidus or primary polydipsia. The copeptin cut-off of 4.9 pmol/l 
was established in a study using the LIA (sensitivity of 94.0%, specificity of 94.4%)7 and validated in a recently 
published multicenter study using the  KRYPTOR8 (sensitivity of 93.2%, specificity of 100%). In the latter study, a 
posthoc analysis indicated that a copeptin cut-off of 6.5 pmol/l had an even higher accuracy (sensitivity of 94.9%, 
specificity of 100%), supporting our finding that the KRYPOTR measures slightly higher copeptin concentrations 
but that both assays can be used interchangeably.

The ELISA on the other hand correlates poorly over the wide range of copeptin concentrations and specifically 
in the differential diagnosis of the polyuria-polydipsia syndrome. This is especially true for the lower detection 
range (copeptin concentrations < 10 pmol/l). In the differential diagnosis of the polyuria-polydipsia syndrome 
this leads to falsely diagnosing patients with central diabetes insipidus as having primary polydipsia. A misclas-
sification in this case may lead to false treatment and a fatal outcome as fluid restriction, the primary treatment 
option for patients with primary polydipsia, is contraindicated in patients with central diabetes insipidus. When 
this assay was used to assess copeptin concentrations in other indications than the polyuria-polydipsia syndrome, 
the copeptin results were generally in the range between 10 and 20 pmol/l, indicating a higher range of copeptin 
concentrations. The higher copeptin concentrations also in other studies may indicate that the ELISA in general 
measures higher copeptin  concentrations22,26–28. The higher results could be related to a higher rate of copeptin 
fragments or other substances that are measured with the ELISA, which has been described for other  assays14 or 
the used antibodies detect other epitopes on copeptin than the KRYPTOR or the LIA.

Since the copeptin cut-off of 4.9 pmol/l for the polyuria-polydipsia syndrome was evaluated using the LIA 
and validated using the KRYPTOR, it is obvious that these assays have the highest diagnostic reliability. The 
ELISA as an easy-to-handle assay can be done in most laboratories, in contrast to the automated Copeptin 
proAVP KRYPTOR test which requires the KRYPTOR instrument. Importantly, however, based on our data, 
the copeptin cut-off of 4.9 pmol/l which is now integrated into different diagnostic algorithms of the polyuria-
polydipsia  syndrome32 cannot be used with the tested ELISA. Separate validation studies are required before this 
assay can be applied in the differential diagnosis of central diabetes insipidus.

A few limitations should be mentioned: we investigated three commercially available copeptin assays but can-
not extrapolate our results to other copeptin assays. We aimed to use the most commonly used copeptin assays to 
best represent different measurement techniques. Second, we did not include a study where copeptin concentra-
tions was used as outcome predictor. However, the results from severely ill patients indicate that in the higher 
copeptin range, correlation between the ELISA and the other two assays is better than at the lower end. This is 
also in line with findings from other immunoassay comparisons, where detecting higher hormone concentra-
tions seems more reliable than lower hormone concentrations. Third, we only included patients with complete, 
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but not partial central diabetes insipidus. The principal aim of this study was to compare three commercially 
available assays in the diagnosis of central diabetes insipidus. To get the best possible answer, we have, in a first 
step, included only the clear cases which are best discriminated, i.e., complete central diabetes insipidus and 
primary polydipsia.

In summary, the existing cut-off for the differential diagnosis of central diabetes insipidus following hyper-
tonic saline infusion are validated for the LIA and the KRYPTOR measured copeptin concentrations. Other 
copeptin assays may not yield the same results and hence results must be interpreted with caution. Use of other 
copeptin assays requires separate validation studies.

Received: 22 January 2021; Accepted: 26 April 2021

References
 1. Morgenthaler, N. G., Struck, J., Alonso, C. & Bergmann, A. Assay for the measurement of copeptin, a stable peptide derived from 

the precursor of vasopressin. Clin. Chem. 52, 112–119 (2006).
 2. Barat, C., Simpson, L. & Breslow, E. Properties of human vasopressin precursor constructs: Inefficient monomer folding in the 

absence of copeptin as a potential contributor to diabetes insipidus. Biochemistry 43, 8191–8203 (2004).
 3. Augustine, V., Lee, S. & Oka, Y. Neural control and modulation of thirst, sodium appetite, and hunger. Cell 180, 25–32 (2020).
 4. Pool, A.-H. et al. The cellular basis of distinct thirst modalities. Nature https:// doi. org/ 10. 1038/ s41586- 020- 2821-8 (2020).
 5. Fenske, W. K. et al. Release and decay kinetics of copeptin vs AVP in response to osmotic alterations in healthy volunteers. J. Clin. 

Endocrinol. Metab. 103, 505–513 (2018).
 6. Balanescu, S. et al. Correlation of plasma copeptin and vasopressin concentrations in hypo-, iso-, and hyperosmolar States. J. Clin. 

Endocrinol. Metab. 96, 1046–1052 (2011).
 7. Timper, K. et al. Diagnostic accuracy of copeptin in the differential diagnosis of the polyuria-polydipsia syndrome: A prospective 

multicenter study. J. Clin. Endocrinol. Metab. 100, 2268–2274 (2015).
 8. Fenske, W. et al. A copeptin-based approach in the diagnosis of diabetes insipidus. N. Engl. J. Med. 379, 428–439 (2018).
 9. Winzeler, B. et al. Arginine-stimulated copeptin measurements in the differential diagnosis of diabetes insipidus: A prospective 

diagnostic study. Lancet 394, 587–595 (2019).
 10. Katan, M. et al. Copeptin, a stable peptide derived from the vasopressin precursor, correlates with the individual stress level. Neuro 

Endocrinol. Lett. 29, 341–346 (2008).
 11. Struck, J., Morgenthaler, N. G. & Bergmann, A. Copeptin, a stable peptide derived from the vasopressin precursor, is elevated in 

serum of sepsis patients. Peptides 26, 2500–2504 (2005).
 12. Urwyler, S. A. et al. Prognostic value of copeptin: One-year outcome in patients with acute stroke. Stroke 41, 1564–1567 (2010).
 13. Boeddinghaus, J. et al. High-sensitivity cardiac troponin i assay for early diagnosis of acute myocardial infarction. Clin. Chem. 65, 

893–904 (2019).
 14. Leng, G. & Sabatier, N. Measuring oxytocin and vasopressin: Bioassays, immunoassays and random numbers. J. Neuroendocrinol. 

https:// doi. org/ 10. 1111/ jne. 12413 (2016).
 15. Blum, C. A. et al. Adjunct prednisone therapy for patients with community-acquired pneumonia: A multicentre, double-blind, 

randomised, placebo-controlled trial. Lancet 385, 1511–1518 (2015).
 16. Koo, T. K. & Li, M. Y. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J. Chiropr. 

Med. 15, 155–163 (2016).
 17. R Core, T. R: A Language and Environment for Statistical Computing (2018).
 18. Dupuy, A. M. et al. Analytical performances of the newly developed, fully automated Kryptor® Copeptin assay: Which impact 

factor for myocardial infarction rules out in the emergency department?. Clin. Lab. 58, 635–644 (2012).
 19. Schlapbach, L. J. et al. Copeptin concentration in cord blood in infants with early-onset sepsis, chorioamnionitis and perinatal 

asphyxia. BMC Pediatr. https:// doi. org/ 10. 1186/ 1471- 2431- 11- 38 (2011).
 20. Abdel-Fattah, M. et al. Research letters. Indian Pediatr. 52, 807–809 (2015).
 21. Dong, X. Q., Huang, M., Yang, S., Bin, Y. W. H. & Zhang, Z. Y. Copeptin is associated with mortality in patients with traumatic 

brain injury. J. Trauma Inj. Infect. Crit. Care 71, 1194–1198 (2011).
 22. Hara, T. et al. Evaluation of urinary aquaporin 2 and plasma copeptin as biomarkers of effectiveness of desmopressin acetate for 

the treatment of monosymptomatic nocturnal enuresis. J. Urol. 198, 921–927 (2017).
 23. Enhörning, S. et al. Water supplementation reduces copeptin and plasma glucose in adults with high copeptin: The H2O metabo-

lism pilot study. J. Clin. Endocrinol. Metab. 104, 1917–1925 (2019).
 24. Wannamethee, S. G. et al. Copeptin, insulin resistance, and risk of incident diabetes in older men. J. Clin. Endocrinol. Metab. 100, 

3332–3339 (2015).
 25. Stolz, D. et al. Copeptin, C-reactive protein, and procalcitonin as prognostic biomarkers in acute exacerbation of COPD. Chest 

131, 1058–1067 (2007).
 26. Coelho, R. et al. Serum copeptin in children exposed to maltreatment. Psychiatry Clin. Neurosci. 70, 434–441 (2016).
 27. Wyskida, K. et al. N-terminal prohormone of brain natriuretic peptide but not C-terminal pre-pro vasopressin (Copeptin) level is 

associated with the response to antihypertensive therapy in haemodialysis patients. Kidney Blood Press. Res. 42, 1013–1022 (2017).
 28. Pais, R. et al. Role of enteroendocrine L-cells in arginine vasopressin-mediated inhibition of colonic anion secretion. J. Physiol. 

594, 4865–4878 (2016).
 29. Mooney, M. H., Bergwerff, A. A., van Meeuwen, J. A., Luppa, P. B. & Elliott, C. T. Biosensor-based detection of reduced sex 

hormone-binding globulin binding capacities in response to growth-promoter administrations. Anal. Chim. Acta 637, 235–240 
(2009).

 30. Wang, R. et al. Highly sensitive detection of hormone estradiol E2 using surface-enhanced Raman scattering based immunoassays 
for the clinical diagnosis of precocious puberty. ACS Appl. Mater. Interfaces 8, 10665–10672 (2016).

 31. Lin, Y., Liu, K., Wang, C., Li, L. & Liu, Y. Electrochemical immunosensor for detection of epidermal growth factor reaching lower 
detection limit: Toward oxidized glutathione as a more efficient blocking reagent for the antibody functionalized silver nanopar-
ticles and antigen interaction. Anal. Chem. 87, 8047–8051 (2015).

 32. Christ-Crain, M. et al. Diabetes insipidus. Nat. Rev. Dis. Primers. https:// doi. org/ 10. 1038/ s41572- 019- 0103-2 (2019).

Acknowledgements
We thank all participants for their valuable contribution to our study. We thank the clinical and laboratory staff, 
especially Cemile Bathelt, Nina Hutter, Stefanie Hahner, Anna Schrader, Christian Haas and Mirjam Jäggy for 
their valuable help during the study conduction. We thank all participating sites and the personnel at University 

https://doi.org/10.1038/s41586-020-2821-8
https://doi.org/10.1111/jne.12413
https://doi.org/10.1186/1471-2431-11-38
https://doi.org/10.1038/s41572-019-0103-2


10

Vol:.(1234567890)

Scientific Reports |        (2021) 11:10104  | https://doi.org/10.1038/s41598-021-89505-9

www.nature.com/scientificreports/

Hospital Basel, Switzerland; University Hospital Leipzig, Germany; University Hospital Würzburg, Germany; 
Faculdade de Medicina da Universidade Federal de Minas Gerais, Brazil; Kantonsspital St. Gallen, Switzerland; 
Inselspital Bern, Switzerland; Luzerner Kantonsspital, Switzerland; Kantonsspital Aarau, Switzerland; Univer-
sity Hospital Munich, Germany; University Hospital Hamburg- Eppendorf, Germany; and University Hospital 
Lübeck, Germany.

Author contributions
C.O.S. designed the current study, analyzed the data and wrote the manuscript. J.R. planned and coordinated the 
study in patients with central diabetes insipidus and revised the manuscript. C.A.B. planned and coordinated the 
study in patients with pneumonia and revised the manuscript. I.S. planned and coordinated the study in healthy 
volunteers and revised the manuscript. J.A.M.T. analyzed data and revised the manuscript. W.F. planned and 
coordinated the study in health volunteers and central diabetes insipidus and revised the manuscript. M.C.C. 
planned, organized all three studies, designed the current study and revised the manuscript.

Funding
The study was investigator-initiated and was supported by a grant from the Swiss National Science Foundation 
to M. Christ-Crain (SNF-162608) and the University Hospital Basel, Switzerland. W. Fenske was supported by 
the Federal Ministry of Education and Research (BMBF) Germany (FKZ: 01EO1501) and Deutsche Forschun-
gsgemeinschaft (DFG) Germany (AOBJ: 624808). C. O. Sailer was supported by a grant of the Swiss Academy 
of Medical Sciences and of the G. & J. Bangerter-Rhyner Foundation.

Competing interests 
MCC received speaking honoraria from Thermo Fisher Scientific, the manufacturer of Brahms Copeptin proAVP 
KRYPTOR and Brahms CT-proAVP LIA assay. The other authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 89505-9.

Correspondence and requests for materials should be addressed to M.C.-C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.1038/s41598-021-89505-9
https://doi.org/10.1038/s41598-021-89505-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Validity of different copeptin assays in the differential diagnosis of the polyuria-polydipsia syndrome
	Methods
	Patients and controls. 
	Study procedure and expected copeptin concentrations in the original studies. 
	Healthy volunteers. 
	Polyuria-polydipsia syndrome. 
	Severely ill patients. 

	Laboratory measurements and copeptin assays. 
	The KRYPTOR. 
	The LIA. 
	The ELISA. 

	Statistical analysis. 

	Results
	Patients’ characteristics. 
	Different copeptin assays in healthy volunteers. 
	Median plasma copeptin concentrations. 
	Intra-assay comparison. 
	Inter-assay comparison. 

	Different copeptin assays in the differential diagnosis of polyuria-polydipsia syndrome. 
	Median plasma copeptin concentrations. 
	Central diabetes insipidus. 
	Primary polydipsia. 
	Diagnostic accuracy. 

	Different copeptin assays in critically ill patients with community acquired pneumonia. 
	Median plasma copeptin concentrations. 
	Intra-assay comparison. 
	Inter-assay comparison. 


	Discussion
	References
	Acknowledgements


