
Online Table A: Cardiovascular outcome measures 
 

Outcome Measure Measurement Technique Timepoints 

Primary outcome measure 

Heart rate variability Resting state heart rate variability will be measured using a NexFin beat-to-
beat ECG and blood pressure recording device (Nexfin

©
, BM Eye, 

Amsterdam, The Netherlands) for 5 minutes. Artefacts will be corrected using 
linear interpolation techniques. Spectral analysis will be performed using 
Kubios software 2.1 (University of Eastern Finland, Kuopio, Finland) to derive 
the ratio between low-frequency and high-frequency domains (LF/HF-ratio), a 
validated measure of cardiac sympathovagal balance. Additionally, time-
domain and nonlinear aspects of heart rate variability will be assessed.  

Baseline 
Acute: 30, 90 and 155 minutes 
Acute meal: 30, 60 and 120 min 
Longterm 
Long-term meal: 30, 60 and 120 min 

Secondary outcome measures 

Hemodynamic variables Heart rate, systolic and diastolic blood pressure will be measured using an 
oscillometric device (DinaMap

®
, GE Healthcare, Little Chalfont, United 

Kingdom) with adequate cuff size. Measurements will be performed on the 
non-dominant arm in triplicate, and the mean of the last 2 measurements will 
be used for analysis. Stroke volume, cardiac output and vascular resistance 
will be measured for 30 seconds using a NexFin device. 

Baseline 
Acute: 30, 60, 90, 120 and 150 minutes  
Acute meal: 30, 60, 90 and 120 minutes 
Longterm 
Longterm meal: 30, 60, 90 and 120 minutes 
 

Capillary density and 
recruitment 

Nailfold capillary density will be measured on the middle finger of the non-
dominant hand using the VCS Video Capillaroscopy System (KK Technology, 
Honiton, England). Two separate visual fields of 1 mm

2
 will be recorded 

before and after 4 minutes of arterial occlusion (300 mmHg).  

Baseline 
Acute: 110 minutes  
Acute meal: 90 minutes 
Longterm 
Longterm meal: 90 minutes 

Capillary fluxmotion 
 
 

A laser Doppler fluxmetry system (Periflux 4000; Perimed, Stockholm, 
Sweden) will be used to measure skin blood flow on the second phalanx of 
the middle finger on the dominant hand. Total skin perfusion and 
determinants of skin perfusion (endothelial, neurogenic, smooth muscle, 
respiratory and heart beat) will be measured by wavelet analysis of 30 minute 
recordings using Matlab 7.8.0 (Mathworks, Natick, MA, USA).  

Baseline 
Acute: 110 minutes  
Acute meal: 90 minutes 
Longterm 
Longterm meal: 90 minutes 

Vascular Stiffness Pulse wave analysis will be performed on the radial artery of the non-
dominant arm using the SphygmoCor

©
 applanation tonometry system (Atcor 

Medical, Westy Ryde, Australia). The mean of 2 measurements with a high 
quality index will be used for analysis. The augmentation index will be used to 
analyse vascular stiffness.  

Baseline 
Acute: 30, 60, 90, 120 and 150 minutes  
Acute meal: 30, 60, 90 and 120 minutes 
Longterm 
Longterm meal: 30, 60, 90 and 120 minutes 
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Online Table B: Renal outcome measures 
 

Outcome Measure Measurement Technique Timepoints 

Primary outcome measure 

Glomerular filtration rate A standard-method renal clearance based on timed urine sampling using inulin 
(Inutest

®
, Fresenius Kabi Austria GmbH, Graz, Austria) will be used. First, a 

10-minute priming infusion of inulin 45 mg/kg body weight) will be administered 
followed by a continuous infusion of 22.5 mg/min. After a 90 minutes 
equilibration period, subjects undergo 2 urine collection periods of 45 minutes. 
Urine and blood samples (collected before and after each urine collection 
period) will be analysed for inulin measured by colorimetric assay after 
preparation with p-dimethylamino-benzaldehyde. 

Baseline 
Acute  
Longterm 

Secondary outcome measures 

Effective renal plasma flow A similar protocol as for the inulin-clearance is used, but now with infusion of 
PAH (Aminohippurate sodium ‘PAH’ 20%, Merck Sharp &Dohme International, 
Merck & Co., Inc., Whitehouse Station, NJ, USA) with a priming infusion of 6 
mg/kg body weightand a continuous infusion of 11 mg/min. Samples will be 
analysed for PAH by colorimetric assay after preparation with trichloroacetic 
acid and indole-3-acetic acid. 

Baseline 
Acute  
Longterm 

Electrolyte excretion Urine and blood samples (collected before and after each urine collection 
period) will be analysed for electrolytes. Sodium and potassium will be 
measured by an indirect ion-selective electrode (ISE) method. Urea will be 
assessed by enzymatic colorimetric tests on a Modular P auto analyser. 
Fractional and absolute electrolyte excretion will be used for analyses. 

Baseline 
Acute  
Longterm 

Urine osmolality Urinary osmolality will be determined by freezing-point depression with a 
micro-osmometer (Fiske, Norwood, MA, USA). 

Baseline 
Acute  
Longterm 

Urine pH Urinary pH levels will be measured with the hand-held VARIO
®
 2V00 pH-meter 

and SenTix V electrode (Wissenschaftlich-Technische Werkstätten GmbH, 
Weilheim, Germany) after calibration with standard pH solutions. 

Baseline 
Acute 
Acute meal 
Longterm 

 Urinary albumin excretion will be measured by immunonephelometric methods Baseline 
Acute  
Acute meal 
Longterm 

Glomerular damage marker 
 

 Urinary Kidney Injury Molecule-1 (KIM-1) and Neutrophil gelatinase associated 
lipocalin (NGAL) will be measured by ELISA.  

Baseline 
Acute 
Acute meal 
Longterm 

Tubular damage marker 
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Online Table C: Gastrointestinal outcome measures 
 

Outcome Measure Measurement Technique Timepoints 

Primary outcome measure 

Pancreatic exocrine function Faecal elastase-1 levels will be measured using ELISA-techniques.  Baseline 
Safety visit: 2 weeks 
Longterm 

Secondary outcome measures 

Pancreatic exocrine enzyme 
secretion 

Faecal levels of chymotrypsin will be measured using colorimetric-techniques.  Baseline 
Safety visit: 2 weeks 
Longterm 

Pancreatic exocrine digestive 
function 

A 
13

C-mixed triglyerides (MTG) breath test will be performed. After baseline 
breath samples are collected, 250 mg 

13
C-MTC (Euriso-Top, Saint-Aubin 

Cedex, France) is given. Breath samples will be collected every 30 minutes 
for 6 hours. 

13
C-levels will be measured using isotope ratio mass 

spectrometry. Total 
13

C-recovery and recovery speed will be used for 
analysis. 

Baseline 
Longterm 

Pancreatic and other 
abdominal organ structure 

Standard abdominal MRI sequences will be performed to assess abdominal 
organ structure and pancreatic volume using a 1.5T Avanto scanner 
(Siemens Healthcare, Erlangen, Germany). 

Baseline 
Longterm 

Pancreatic exocrine 
bicarbonate secretion 

Magnetic resonance cholangiopancreatography and structural MRI-images 
will be performed after secretin-infusion to assess bicarbonate and volume 
secretion. From these scans, total secreted volume, secretion speed and 
pancreatic duct thickness will measured. 

Baseline 
Longterm 

Pancreatic plasma enzyme 
secretion 

Plasma levels of amylase and lipase will be measured using standard 
techniques according to the international federation of clinical chemistry. 
Serum and urinary trypsinogen levels will be measured by ELISA.  

Baseline 
Acute: 30, 60 and 120 minutes  
Acute meal: 30, 60 and 120 minutes 
Safety visit: 2 and 6 weeks 
Longterm 

Gallbladder emptying Gallbladder ultrasonography will be performed in the fasting state, and every 
15 minutes for 3 hours after a high-fat meal using a Acuson Sequoia machine 
(Siemens  Healthcare, Munich, Germany) and a curved 4C1 abdominal 
transducer (Siemens). Gallbladder length, depth and height will be measured 
at each time point. Volume and gallbladder ejection fraction will be calculated. 

Baseline 
Longterm 

Gastric emptying After drawing a blank blood sample, 1.5 mg soluble acetaminophen (Daro, 
Remark Groep, Rogat, the Netherlands) is given, and blood is collected every 
30 minutes for 3 hours. Serum acetaminophen levels will be measured, and 
the total recovery and maximal recovery speed used for analysis. 

Baseline 
Longterm 

Hepatic fat content Magnetic spectroscopy (H-MRS) will be performed in 3 regions ofthe liver, 
and the mean will be used for analysis. 

Baseline 
Longterm 

Hepatic function and enzyme Blood will be drawn, and albumin will be measured by colorimetric techniques, Baseline 
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secretion and AST, ALT, yGT and ALP by standardized enzymatic techniques 
according to the international federation of clinical chemistry.  

Safety visit: 6 weeks 
Longterm 

Gastrointestinal damage 
markers 

Faecal calprotectin will be measured using a Phadia EliA-technique. Serum 
levels of I-FABP and L-FABP will be measured using ELISA 

Baseline 
Safety visit: 2 weeks 
Longterm 

 



Version 1.2 Study design: Pleiotropic effects of incretin-based therapy Page: 5/5 

Online Table D: General outcome measures 
 

Outcome Measure Measurement Technique Timepoints 

Secondary outcome measures 

Anthropometrics Weight is measured using a calibrated Kern MPE digital weighing scale, while 
participants wear light clothing, with empty pockets, and no shoes. Length will 
be measured using a stadiometer, with the subject standing upright without 
shoes on. Waist circumference is measured using a tape measure in the midst 
of the crista iliaca and the most lower palpable rib in the standing position. Hip 
circumference is measured on the widest portion of the buttocks.  

Baseline 
Safety visit: 2 and 6 weeks 
Longterm 

Body fat content Body impedance analysis will be performed using a Maltron BF-906 device 
(Rayleigh, Essex, UK).    

Baseline 
Longterm 

HbA1c HbA1c levels will be determined using high performance liquid chromatography Baseline 
Longterm 

Fasting and meal glucose 
levels 

Fasting glucose levels will be measured from venous blood samples using the 
Gluco Quant-hexokinase method on a Modular P (Roche Diagnostics, Basel, 
Switzerland) within an hour of drawing blood. All other glucose levels will be 
measured from venous blood samples using a YSI 2300 STAT Glucose 
analyzer (YSI Life Sciences, Yellow Springs, Ohio, USA). 

Baseline 
Acute 
Acute meal  
Longterm 
Longterm meal 

Fasting lipid spectrum Triglycerides and total cholesterol will be determined using an enzymatic 
colorimetric method, and high-density lipoprotein (HDL)-cholesterol will be 
assessed using the 3

rd
 generation HDL-C plus method. Low-density lipoprotein 

(LDL) cholesterol is calculated by Friedewald formula. 

Baseline 
Longterm 

 


