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Results of Comparison between drink tests 

In the majority of studies, regardless of the substrate and speed, men have higher drink test volume tolerance than women (Figure 2). Most of the studies showed a higher intake of water compared to nutrient drink (8-10, 12). In the study by Boeckxstaens et al., a significant correlation was found between the volume ingested in the rapid water drink test and the rapid nutrient drink test. In the study by Abid et al., somewhat paradoxically, drinking a nutrient drink at a slower rate induced satiety at a lower volume than when drinking at a rapid rate (10). They considered the slow nutrient drink test superior as it was not influenced by body mass index or age and was associated with the highest symptom load (10).

Results of Relation with pathophysiological mechanisms 
Boecxkstaens et al. studied the correlation of the rapid water drink test with gastric barostat studies in FD and HV. The authors found a significant correlation between sensitivity to gastric distention and the maximum tolerated water volume (R=0.48, p<0.0001) (8). Similarly, for the rapid nutrient drink test, a significant correlation was found between sensitivity to gastric distention measured with the barostat and the maximum tolerated nutrient volume (R=0.36, p=0.001) (8). However, the sensitivity and specificity of the rapid drink tests to predict visceral hypersensitivity were low. The rapid nutrient or water drink test volume was not correlated to GA as measured with the barostat (8). 

Tack et al. studied the correlation of the satiety drinking test with gastric barostat findings in HV and FD patients (15). The endpoint of the satiety drinking test (i.e. using delivery from a peristaltic pump) was significantly correlated to GA as measured with the barostat on a separate day. The satiety drinking test had a sensitivity and specificity for predicting impaired GA of respectively 92% and 86% (15). In FD patients, the satiety drinking test result was not correlated to sensitivity, to gastric distention or to gastric emptying rate. 

The ability of the slow nutrient drink test to assess GA was further supported by its sensitivity to pharmacologically induced impaired GA in HV, by the nitric oxide synthase inhibitor L-NMMA (26) . In addition, acute anxiety in an experimental setting inhibited accommodation and this was associated with increased satiety scores during a satiety drinking test (27) . The same test was used by Cuomo et al. in 52 FD patients, who did not study GA, found no relationship with half emptying time or lag time, but found a significant correlation with fractional gastric emptying rate (24). A study from Japan did not confirm the correlation between accommodation as measured with the barostat and nutrient volume tolerance in a slow nutrient drink test, but the study was conducted only in 18 healthy male controls and no patients (22). In a study in 60 FD patients, Van Lelyveld et al. found no correlation between GA as measured with the barostat and the outcome of a slow nutrient drink test (28). In a post-hoc analysis of data from HV and FD patients, the Mayo clinic group found no correlation between the slow nutrient drink test and gastric volume changes in response to a fixed meal ingestion of Ensure® as measured with single photon emission computed tomography (SPECT) (29). Measurement of the drop in intragastric pressure during nutrient drink ingestion or intragastric infusion has been proposed as a minimally invasive approach to measuring GA (23, 25, 30, 31). In these studies, a good correlation was found between the drop in intragastric pressure and volume tolerance with a satiety drinking or infusion test (23, 25). 


Taken together, these findings suggest that the rapid drink test is mainly a challenge for gastric sensitivity to distention while the satiety drinking test is mainly determined by GA, although not confirmed in all studies. Compared to the gold standard for both of these measures, the gastric barostat, drink tests have several advantages such as their non-invasive nature and easy performance, the documented excellent reproducibility in HV and FD patients, and the very low cost (32, 33). Drink tests require no specific experience and are not user-dependent. There are no limitations in testing obese, pregnant women or other patients and even in testing pediatric patients (19). Disadvantages of the use of a drink test to assess gastric sensitivity is the challenge of (rapid) drinking, which eliminates its use in patients with dysphagia, and, in case a nutrient load is used, palatability of the nutrient. There are also some disadvantages in the use of the drink test as a GA test where it represents at best an indirect measurement of GA. Drawbacks are the subjective nature of the satiety scoring and the susceptibility to sensory and psychological influences. In drink tests, there is the awareness of the amount that has been ingested, especially when drinking consecutive aliquots of 100 ml. This is less the case when the subject is drinking from a dripping peristaltic pump. To overcome awareness of ingested volume and palatability effects, some authors have used intragastric nutrient infusion when assessing GA (23, 30, 31, 33-37).

[bookmark: _Hlk38656742]Results of drink tests in Gastroparesis 

Relatively few data are available on the use of drink tests focussing specifically on GP. In several studies in FD using drink tests, patients also underwent gastric emptying testing. The outcome of rapid drink tests was not correlated to gastric emptying rate but in the study by Jones et al. rapid water volume tolerance was correlated with the lag phase of the emptying test (8, 11). They also reported significantly lower volume tolerance of a rapid water drink test in 19 GP patients compared to controls (11). In a study by the NIDDK Gastroparesis Clinical Research Consortium enrolling 198 GP patients (134 idiopathic, 64 diabetic), increasing severity of early satiety and postprandial fullness were associated with decreased tolerance of the water load test (39). Abdominal pain scores in GP patients from the same cohort were not associated with the water load test (40). Koch et al. studied tolerance of a rapid water drink test and a rapid nutrient drink test in 45 subjects with diabetic gastroparesis (41). Volume tolerance in both tests was comparable and lower than that of historical controls. The nutrient drink test elicited more fullness, bloating and discomfort than the water load test, while the levels of nausea were similar. The use of an insulin pump for 24 weeks did not alter symptoms and water or nutrient load tolerance in these patients (41).

In the original description of the satiety drink test, gastric emptying rate was not significantly correlated to the ingested volume in FD patients (15). In a study in secondary care, both nutrient drink tests and gastric emptying breath tests were performed, and no correlation between both was reported (18).

[bookmark: _Hlk38656757]Pharmacological modulation of nutrient drink tests 

Nitric oxide (NO) is the main inhibitory neurotransmitter involved in the GA reflex (42). Using the gastric barostat, it was shown that the administration of the selective NO synthase inhibitor, NG-monomethyl -L- Arginine (L-NMMA), at a dose of 6-8 mg/kg/hour, inhibits GA. At the same dose, L-NMMA also decreased liquid meal tolerance in the nutrient drink test (26). 
The effect on slow nutrient drink test outcomes was concordant with their effect on GA for several pharmacological agents (Supplemental Figure 1). In HV, administration of sumatriptan and cisapride increased and erythromycin decreased slow nutrient drink test volume tolerance, in line with their effects on gastric accommodation (14, 15, 43, 44). Motilin infusion inhibited gastric accommodation and decreased nutrient volume tolerance in HV (45). Sumatriptan had no effect on volume tolerance of a rapid nutrient drink test (200 ml/min) (46) . Administration of naloxone, a non-selective opioid receptor antagonist in HV, significantly inhibited GA measured with the barostat and decreased satiety drinking test volume tolerance (47). Similar results were obtained after the administration of the peripherally restricted μ-opioid antagonist, methylnaltrexone, in a study in which the GA was assessed using both barostat and HRM. These effects were correlated with a decreased nutrient volume tolerance in a drink test study (48) . The NK1 receptor antagonist aprepitant increased gastric volumes as measured by SPECT, and also increased maximum tolerated nutrient drink test volumes (49). In a nutrient drink test study, healthy subjects reached maximal satiation significantly earlier after treatment with sildenafil, a phosphodiesterase type 5 (PDE5) inhibitor. This finding was concordant with the result of intragastric pressure measurement, showing decreased accommodation, but not with the barostat study results (34).

For a number of other agents, especially with central mechanisms of action, pharmacological effects on the nutrient drink test were reported which did not match with the effects on GA (Supplemental Figure 1). These include the 5-HT3 receptor antagonist ondansetron, which increased tolerance in a satiety drinking test but did not alter GA measured with the barostat (50). The 5-HT4 receptor agonist tegaserod enhanced GA in HV, but did not alter tolerance of Ensure® ingested at a rate of 120 ml every 4 minutes (51, 52). Mosapride and prucalopride, both 5-HT4 receptor agonists, also did not alter volume tolerance of a slow nutrient drink test (22, 53). Acute administration of the selective serotonin reuptake inhibitor citalopram enhanced volume tolerance in a satiety drinking test, while the barostat showed a biphasic response with transient relaxation and smaller postprandial volumes (54). Acute tryptophan depletion, which leads to decreased 5-HT levels, enhanced GA but did not alter nutrient volume tolerance of a satiety drinking test (55). The tricyclic antidepressant amitriptyline did not alter gastric volumes measured with SPECT, and did not change tolerance of a slow nutrient drink test in HV (56). Using a similar trial design with several psychotropic agents, venlafaxine but not buspirone or paroxetine, increased postprandial gastric volumes in health evaluated by SPECT, but none of the agents altered nutrient volume tolerance (57). The kappa opioid agonist asimadoline increased volume tolerance in a slow drinking test, but this was not related to changes in gastric volume measured using SPECT (58). Infusion of ghrelin decreased gastric accommodation as measured with the barostat, but did not affect tolerance of a slow nutrient drink test (59). The ghrelin receptor agonist relamorelin did not alter gastric volumes measured by SPECT and did not alter nutrient tolerance measured by drinking 120 ml Ensure® every 4 minutes (60).
To conclude, drink tests have been used in many clinical trials. The most consistent finding has been the link between outcome of the satiety drinking test for agents that alter GA, but this is only consistent for agents without central mode of action.
[bookmark: _Hlk38656767]Prediction of response to therapy

Very few studies evaluated the ability of a drink test to predict response to therapy. In a phase 2 study in the United States, FD patients with normal endoscopy were administered a 2-week single blind lansoprazole treatment and the non-responders were randomized to placebo (n=104) or acotiamide 300mg (n=103), 600mg (n=105) and 900mg (n=104) t.i.d in a double-blind fashion for 12 weeks (61) . During the screening period, a slow liquid nutrient drink test to determine maximum tolerated volume (MTV) was performed. Impaired nutrient tolerance (MTV<850 ml), present in 315 patients (81%), was associated with a higher overall (adequate) relief of stomach symptoms during the first four weeks of treatment (27.8 vs. 38.9%, placebo and 300 mg for normal nutrient tolerance; 27.3 vs. 58.4%, placebo vs. 300 mg in impaired nutrient tolerance, p < 0.01) (62). 
In a placebo-controlled study in 40 FD patients, asimadoline at doses of 0.5 or 1.0 mg b.i.d. did not alter nutrient volume tolerance and symptoms (63) . In a controlled study, amitriptyline improved symptoms in FD, whereas escitalopram had no effect over placebo (64). In a mechanistic substudy, both amitriptyline and escitalopram enhanced gastric accommodation but had no influence on nutrient volume tolerance, measured by drinking 120 ml Ensure® every 4 minutes (65).

In GP patients, the NORIG study, nortriptyline was equal to placebo in improving symptoms in idiopathic gastroparesis, and the tolerance of a graded nutrient liquid drink test was also not altered (66). TAK-906, a novel dopamine-2 receptor antagonist, was evaluated at doses of 0, 5, 25 and 100 mg in a phase 2 study in gastroparesis. The intermediate dose (25 mg) gave the best symptom improvement, and this was matched by improved nutrient drink test tolerance (67).

While there are early encouraging outcomes, to the application of a drink test as a predictive biomarker for treatment outcome deservers further studies in upcoming phase 2 pharmacological trials. Preferably, this is done after standardization of the methodology in terms of speed of nutrient administration and choice of type of nutrient.
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Supplemental Figure 1. Overview of the effect of several pharmacological agents on the nutrient drink test, and their concordance (right side of the figure) or lack of concordance (left side of the figure) with effects on gastric accommodation. Each box indicates the effect on gastric accommodation (GA) and on drink tolerance (DT). Behind each individual agent, the method used for measuring GA (GB = gastric barostat; SPECT = single photon emission computed tomography; HRM = high resolution manometry) and the type of drink test (SNDT = slow nutrient drink test; SatT = satiety drinking test) is specified between brackets.
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