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DETAILED ELIGIBILITY CRITERIA 

Inclusion criteria for healthy participants:  

 Age 18-60 years  

 Healthy participant with no medication except hormonal contraception  

Exclusion criteria for healthy participants:  

 BMI > 25kg/m2 or < 18.5 kg/m2  

 Participation in a trial with investigational drugs within 30 days  

 Vigorous physical exercise within 24 hours before the study participation  

 Alcohol intake within 24 hours before study participation  

 Pregnancy and breastfeeding  

 Evidence of disordered drinking habits and diuresis defined as polyuria >50ml/kg body weight/24h 

and polydipsia >3l /24h  

 Intention to become pregnant during the study  

 Known allergy towards glucagon  

 Evidence of an acute illness  

 Long QT syndrome (i.e., QT time >450ms) 

 Haemoglobin level below 120 g/l   
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Inclusion criteria for patients:  

 Age 18-60 years  

 Documented primary polydipsia or diabetes insipidus based on a water deprivation test or hypertonic 

saline infusion. Accordingly, patients must have evidence of disordered drinking habits and diuresis 

defined as polyuria >50ml/kg body weight/24h and polydipsia >3l /24h, or must be on regular daily 

Desmopressin medication.  

Exclusion criteria for patients:  

 BMI > 25kg/m2 or < 18.5 kg/m2 

 Participation in a trial with investigational drugs within 30 days 

 Vigorous physical exercise within 24 hours before the study participation  

 Alcohol intake within 24 hours before study participation 

 Pregnancy and breastfeeding 

 Evidence of an acute illness 

 Long QT syndrome (i.e., QT time >450ms) 

 Haemoglobin level below 120 g/l  
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SAMPLE SIZE FOR HEALTHY VOLUNTEERS 

For the primary analysis we performed a two-sided hypothesis test. The null hypothesis was that, in healthy 

volunteers, there was no difference in the primary endpoint between glucagon and placebo injection. I.e. under 

the null hypothesis, the expected difference was zero. The alternative hypothesis was that the difference in the 

primary endpoint between glucagon and placebo injection was not zero.  

Sample size was estimated to be able to show a difference between glucagon and placebo injection in the 

maximal increase in copeptin within three hours in healthy volunteers. The calculation was based on data from 

Lewandowski et al. (2016) and Szinnai et al. (2007). 

Assumptions glucagon arm: For the glucagon arm, we followed a multi-step resampling approach:  

• Data from Lewandowski et al. (2016) from healthy controls and subjects without cDI with baseline and 

stimulated copeptin values available were used. Patients with very high copeptin values at baseline (≥ 20 pmol/l) 

were excluded. 

• We derived the maximal changes for the remaining 23 subjects. Based on these data, we estimated the 

probability density function (pdf) and derived the bandwidth bw of a Gaussian smoothing kernel (3.62). 

• In the first resampling step we sampled s = 10’000 times from the 23 data points with replacement. These 

samples were used as expected values μ1, ...,μ10′000 for the next step. 

• In the second resampling step we simulated 10’000 times one random draw each from normal distributions 

with expected value μ = μs and standard deviation σ equivalent to bw = 3.62. This resulted in a pool of 10’000 

simulated data points following the density distribution from the original data. 

 

Assumptions placebo arm: For the placebo arm we assumed the primary endpoint to follow a normal 

distribution with expectation zero. We based our assumptions on the results of Szinnai et al. (2007) who 

reported mean (sd) changes in copeptin in two control groups (subjects were allowed to consume non-alcoholic 

beverages except coffee ad libitum throughout the study period of 28h) of -0.8 (1.5) pmol/l and -0.7 (2.6) 

pmol/l. We assumed a slightly larger standard deviation of 3.0 pmol/l. The sensitivity of the sample size was 

examined by varying the expected mean value from -1 to 2 pmol/l. 

Sample size calculation: Each sample size (ni=1,...,16 = 10, ..., 40) was evaluated by sampling R = 1000 times n i 

values from the simulated data pool for the glucagon arm and from the assumed distributions for the placebo 

arm. For simplicity, we assumed the samples to be uncorrelated within subjects. The sampled values were tested 

for a difference between glucagon and placebo using the Wilcoxon rank sum test. We set the type I error 
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probability, α, to 0.05 and the type II error probability, β, to 0.10 (90% power). The null hypothesis was rejected 

if the p-value of the statistical test was lower than α. 

Figure 6 shows the sensitivity of the sample size for the healthy volunteers assuming either a decrease, no 

change or an increase under placebo injection. Assuming a drop-out rate of 10 %, a total of 22 healthy 

volunteers should be recruited, in order to have 19 evaluable subjects. The respective sample size allows in at 

least 90 % of hypothetical repetitions of the study (i.e. with a power of 1 -β = 90%) to reject the null hypothesis. 

 

SAMPLE SIZE FOR PATIENTS WITH CENTRAL DIABETES INSIPIDUS 

The rationale for also including patients with central diabetes insipidus is to collect data on their reaction to 

glucagon since no data are available yet. This part is of pilot character and no hypothesis test is planned. We aim 

to estimate the maximal increase in copeptin under glucagon injection, which we expect to be very small at 

most.  

Under stimulation with arginine infusion (Winzeler et.al. 2019, the Lancet) we have observed an average 

maximal copeptin increase of 0.69 pmol/l with a standard deviation of 1.1 pmol/l. The data-derived 95th 

percentile was an increase of 2.09 pmol/l. Assuming a similar reaction to glucagon, 10 patients with diabetes 

insipidus would provide 90% power to estimate the maximal change in copeptin with a precision such that the 

upper level of the 95% confidence interval would be lower than 2.0 pmol/l.   
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PER PROTOCOL AND SENSITIVITY ANALYSES 

Per protocol analyses: The primary finding was supported in both per protocol analyses: Median [IQR] 

difference between the increase in copeptin under glucagon and placebo were 7.04 [1.53, 15.23] pmol/l (p-value 

<0.001) for PPS-1 and 6.69 [1.51, 13.41] pmol/l (p-value <0.001) for PPS-2. 

To examine the robustness and sensitivity of the treatment effect, supplementary per-protocol analyses were 

performed, excluding one participant without baseline copeptin measurement in the glucagon arm (n = 21), and 

another participant who showed signs of a vasovagal reaction before start of treatment (n = 20). In the latter we 

further performed two sensitivity analyses based on modified versions of the primary outcome, using the 

maximum of I) those measurements not exceeding ten times the baseline value (Copeptinmax < 10 * Copeptinbsl) 

and II) those measurements not exceeding 100 pmol/l (Copeptinmax < 100 pmol/l). 

Sensitivity analyses: In 4 subjects, extreme increases in copeptin levels larger than ten times the baseline value 

were observed (757.8, 461, 74.18, 98.99 pmol/l). In 2 of these subjects, the maximal observed copeptin level 

was also larger than 100 pmol/l. Replacing these extreme values by the respective maximal values smaller than 

ten times the baseline value (3.48, 6.1, 14.56, 10.14 pmol/l; sensitivity analysis 1) or by the respective maximal 

values ≤ 100 pmol/l (3.48, 6.1 pmol/l; sensitivity analysis 2) resulted in a smaller but still relevant difference 

between the increase in copeptin under glucagon and placebo: 4.36 [1.4, 8.33] pmol/l (p-value <0.001) for 

sensitivity analysis 1 and 4.36 [1.4, 8.45] pmol/l (p-value <0.001) for sensitivity analysis 2.  
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Figure 4 a/b Receiver-operating-characteristic area under the curve (ROC) and best copeptin cutoffs (A) 

and individual copeptin levels (B) at timepoint 180 minutes. 

(A) ROC curve for copeptin measured after glucagon injection. The red point and text indicate the optimal cut-

off (specificity, sensitivity). The red error bars indicate 95% confidence intervals. (B) Individual copeptin level 

for each patient. The black horizontal line indicates the proposed best thresholds to differentiate between the 

patient groups. 
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Figure 5 a/b Course of growth hormone levels after glucagon stimulation in healthy participants (A), 

patients with central diabetes insipidus and primary polydipsia (B).  

Boxes span the interquartile range (IQR); the thick horizontal line is the median. Whiskers are the most extreme 

values lying within the box edge and 1.5 times the IQR. All other values are considered to be outliers and plot-

ted as individual points.  
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Figure 6 

 

Sensitivity of the sample size with respect to the expected change in the primary endpoint under placebo (θ). 

Curves are smoothed and are shown for illustration only. 
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Table 3 Best copeptin cutoffs at different timepoints 

Timepoint AUC [95% CI] Optimal cut-off Sensitivity [95% CI] Specificity [95% CI] Accuracy [95% CI] 

30 minutes 0.88 [0.73, 1.00] 2.3 0.80 [0.50, 1.00] 0.90 [0.70, 1.00] 0.85 [0.63, 0.96] 

60 minutes* 0.81 [0.62, 1.00] 3.3 0.90 [0.70, 1.00] 0.60 [0.30, 0.90] 0.75 [0.53, 0.90] 

  2.4 0.60 [0.30, 0.90] 0.90 [0.70, 1.00] 0.75 [0.53, 0.90] 

90 minutes 0.86 [0.70, 1.00] 2.7 0.80 [0.50, 1.00] 0.80 [0.50, 1.00] 0.80 [0.58, 0.93] 

120 minutes 0.93 [0.82, 1.00] 3.9 0.90 [0.70, 1.00] 0.90 [0.70, 1.00] 0.90 [0.68, 0.98] 

150 minutes* 0.99 [0.96, 1.00] 4.6 1.00 [1.00, 1.00] 0.90 [0.70, 1.00] 0.95 [0.76, 1.00] 

  3.7 0.90 [0.70, 1.00] 1.00 [1.00, 1.00] 0.95 [0.76, 1.00] 

180 minutes 0.98 [0.93, 1.00] 5.0 1.00 [1.00, 1.00] 0.90 [0.70, 1.00] 0.95 [0.76, 1.00] 

 

Diagnostic performance of copeptin measurements 30 to 180 minutes after glucagon injection in discriminating patients diagnosed with cDI from patients diagnosed with PP. 

Area under the receiver–operator characteristics curve (AUC), and the best copeptin cut-off with corresponding sensitivity, specificity, and accuracy with 95% confidence 

intervals (CI) are given for each timepoint (minutes). * For the timepoint 60 and 150 minutes there were two equally good candidates for the best copeptin cutoff.   
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Table 4 Clinical symptoms 

  

Any clinical symptoms (n (%)) Median (IQR) score on VAS 

among participants with symptoms 

  Placebo Glucagon Placebo Glucagon 

Healthy participants 
Nausea 2 (9.1) 14 (63.6) 1.5 [1.3, 1.8] 2.0 [1.0, 3.0] 

Headache 4 (18.2) 10 (45.5) 1.5 [1.0, 2.0] 2.0 [1.3, 3.0] 

Dizziness 3 (13.6) 8 (36.4) 3.0 [2.0, 3.0] 1.5 [1.0, 3.3] 

Overall test burden   1.0 [1.0, 2.0] 1.5 [1.0, 4.0] 

 
     

Central Diabetes Insipidus  
Nausea 0 (0.0) 4 (40.0) NA 2.5 [1.8, 3.3] 

Headache 5 (50.0) 4 (40.0) 1.0 [1.0, 2.0] 3.0 [2.8, 3.3] 

Dizziness 0 (0.0) 2 (20.0) NA 2.0 [2.0, 2.0] 

Overall test burden   2.0 [1.0, 3.0] 3.0 [1.5, 4.5] 

 
     

Primary Polydipsia 
Nausea 2 (20.0) 8 (80.0) 2.0 [2.0, 2.0] 2.5 [2.0, 4.0] 

Headache 6 (60.0) 8 (80.0) 1.5 [1.0, 3.5] 3.5 [3.0, 4.0] 

Dizziness 2 (20.0) 7 (70.0) 1.0 [1.0, 1.0] 1.0 [1.0, 3.0] 

Overall test burden   2.0 [1.5, 3.5] 3.0 [2.0, 4.5] 

 

The number (%) of patients who experienced nausea, headache, or dizziness during the study (i.e., how many patients rated VAS > 0 at any time point from 30-180 minutes) 

and summary statistics for the maximum VAS in median (IQR) for those with any clinical symptoms are presented. In general, clinical symptoms were reported more often 

under glucagon than under placebo, however, they tended to be mild as can be seen in the summary statistics of the VAS ratings among those with any symptoms.  
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Table 5 Adverse events 

 Healthy participants Diabetes insipidus Primary polydipsia 

Cold feeling and cold sweats 3 1 1 

Dry eyes 0 0 1 

Headache 0 0 1 

Hot flashes 2 0 0 

Symptomatic drop in blood glucose levels 3 0 0 

Presyncope (after venous cannula insertion) 1 0 0 

Tremor 1 0 0 

 

The number and type of adverse events by study group after glucagon stimulation is demonstrated. There were 10 adverse events in the healthy participants, 1 adverse event in 

patients with central diabetes insipidus, and 3 adverse events in patients with primary polydipsia. The most reported adverse events were cold feeling and cold sweats. Note: 

no adverse event under placebo was observed 

 


