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Background/Aims
Association between symptoms, quality of life and gastric emptying in dyspepsia is inconsistent in the literature. The aim of our study 
is to investigate if gastric emptying is associated with specific symptoms and quality of life in dyspeptic patients.

Methods
We reviewed retrospectively gastric emptying measured by 13C-labelled octanoate breath testing for more than 6 hours in 198 
consecutive patients with dyspepsia complaints. Gastrointestinal symptoms were assessed using a 5-points Likert scale and by a 
symptomatic composite score, whereas quality of life was measured by the GIQLI.

Results
In our cohort, 90 patients (45%) had a delayed gastric emptying (half emptying time above 166 minutes when assessed over 6-8 
hours). There was no difference in symptoms or quality of life between patients with or without delayed gastric emptying. However, 
patients with severely delayed gastric emptying (half emptying time above 200 minutes) had increased postprandial fullness (P = 
0.012), abdominal pain (P = 0.026), bloating (P = 0.044), early satiety (P = 0.018), symptomatic composite score (P = 0.005), and a 
lower quality of life (P = 0.018). This association was no longer observed if the calculation of gastric emptying was limited to the first 
4-hour samples.

Conclusions
There is no association between symptoms, quality of life and gastric emptying in an overall dyspeptic population. However, there is 
an association between symptoms, quality of life of delayed gastric emptying in the subgroup of patients with severely delayed gastric 
emptying. An 8-hour measurement of gastric emptying should be recommended.
(J Neurogastroenterol Motil 2019;25:534-543)
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Introduction 	

Functional dyspepsia (FD) and gastroparesis share similar 
symptoms, including nausea, vomiting, postprandial fullness, early 
satiety, and weight loss. Gastroparesis is defined by a delayed gastric 
emptying without mechanical obstruction of the stomach.1 FD 
is associated with delayed gastric emptying in 40% of the cases.2 
Therefore, the distinction between FD and gastroparesis is ques-
tioned.3-5

Methods to measure gastric emptying time which are mostly 
used in the literature are scintigraphy6 and breath testing.7 Mea-
surements of gastric emptying by scintigraphy or 13C-labeled octa-
noic acid breath testing are known to be well correlated.8,9 Most of 
the studies published previously used a measurement over 4 hours 
since a consensus paper recommends gastric emptying scintigraphy 
to be performed over this period.10

There is no consensus to date in the medical literature about 
the relationship between symptoms and gastric emptying in pa-
tients with dyspeptic complaints. Indeed, among 14 studies6,7,11-22 
evaluating symptoms and quality of life in dyspeptic patients with 
gastric emptying evaluation, only six found a correlation with symp-
toms.11,13-15,18,21 Furthermore, even if abdominal pain was correlated 
to quality of life in gastroparesis, no association with gastric empty-
ing delay was observed.23

With regards to the discrepancy in the literature, the aim of our 
study is to investigate whether gastric emptying is associated with 
symptoms and quality of life in a cohort of dyspeptic patients, with 
gastric emptying measured by 8-hours 13C-labeled octanoic acid 
breath testing.

Materials and Methods 	

This monocentric study was performed at the Physiology Unit 
of Rouen University Hospital, in France. This is a retrospective 
analysis of prospectively acquired data. All patients had given writ-
ten informed consent prior to the investigation, in accordance with 
the Declaration of Helsinki as revised in 2013.24 Approval was 
obtained from the French data protection authority in 2014 (Com-
mission Nationale de l’Informatique et des Libertés, CNIL No. 
817.917), in compliance with French legislation.

Patients
One hundred and ninety-eight consecutive patients referred for 

a gastric emptying breath test due to dyspeptic symptoms sugges-

tive of gastroparesis lasting for at least 6 months were investigated 
from November 2013 to February 2016 in our tertiary care center. 
An organic upper gastrointestinal disorder was excluded by upper 
gastrointestinal endoscopy in all patients. Exclusion criteria were 
age below 18 years (n = 2), history of gastric surgery, except fundo-
plication (n = 9), pregnancy or breastfeeding (n = 0), and patients 
in whom the breath test was prematurely interrupted before 6 hours 
(n = 2). Medications known to alter gastric emptying (domperi-
done, metoclopramide, metopimazine, erythromycin, azithromycin 
and prucalopride) were asked to be stopped at least 1 week before 
the testing.

Evaluation of Symptoms and Quality of Life
Eight dyspeptic symptoms (postprandial fullness, abdominal 

pain, bloating, regurgitations, nausea, early satiety, belching, and 
vomiting) were collected prospectively using a 5-points Likert scale. 
These symptoms have been chosen since they are regularly found 
in the literature.18,25 Symptoms were graduated from 0 to 4 during 
the 15 days preceding the gastric emptying measurement, with 4 
corresponding to their absence and 0 to extremely severe symptoms. 
We defined the absence of a symptom by a score greater or equal to 
2, and the presence of a symptom by a score inferior to 2 according 
to the 5-points Likert scale. A Total Symptom Score (TSS) was 
used to evaluate dyspepsia severity and was calculated by adding the 
eight individual symptoms. The score ranges from 0 to 32; the low-
er the score, the more severe the symptoms. The Gastrointestinal 
Quality of Life Index (GIQLI), a validated score in French,26 was 
used to measure quality of life. Anxiety and depression levels were 
also assessed, using the Hospital Anxiety Depression Scale (HADS) 
subscales.27 FD criteria and irritable bowel syndrome (IBS) comor-
bidity were assessed using the Rome III criteria.28 Post-infectious 
origin to dyspeptic complaints was evaluated by asking for an epi-
sode of gastroenteritis one month before the onset of symptoms.1

Gastric Emptying Assessment
Gastric emptying measurement was performed by breath test-

ing in patients starving for 12 hours before the investigation. The 
technique of carbon 13 (13C)-labelled octanoic acid breath testing, 
non-invasive and non-ionizing, has already been described else-
where.29-31 All the patients ingested a 250-kcal test meal between  
8 AM and 9 AM.29 The test meal was composed of 19% of pro-
teins, 43% of carbohydrates and 38% of fat, in the form of 50 g of 
white bread, 17 g of butter and an egg in which 100 µL (91 mg) 
of 13C-labeled octanoic acid (Euriso-Top, Saint Aubin, France) had 
been added to mark the solid phase of the test meal. Patients blowed 
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into balloons and exhalations were collected immediately before 
eating the meal and every 15 minutes thereafter for up to 8 hours. 
The presence of 13C-labeled carbon dioxide was detected in breath 
samplings by infrared spectrometry (Kibion GmbH, Bremen, Ger-
many).32 Gastric half emptying time was calculated by regression 
analysis with the equation described by Ghoos et al29 in 1993, using 
the software InfraRed ISotope analyzer (IRIS; Wagner/Analysen 
Technik, Bremen, Germany). The equation, expressed as T½b = 
–1/k*ln1-2-1/β, takes into account the duration of the recording 
and the percentage of excretion of 13CO2.

29,33 Gastric emptying was 
calculated for a single patient both on a 4-hour basis and for the 
whole duration of the study (between 6 and 8 hours).

Study Description
Half emptying time (T½), corresponding to the time required 

for 50% of the ingested meal to leave the stomach, was used to 
determine gastric emptying delay. For the first part of the study, we 
analyzed the results obtained over 6-8 hours using a cutoff for half-
emptying time of 166 minutes. Indeed, the standard for delayed 
gastric emptying among healthy volunteers was defined by a T½ 
> 166 minutes for a duration of recording over more than 6 hours 
in the study of Bromer et al.34 For the second part of the study, we 
defined arbitrarily patients with severely delayed gastric emptying 
as having a T½ superior to the 75th percentile (200 minutes). Fi-
nally, we calculated the half-emptying time over the first 4 hours of 
recording to assess the impact of the length of measurement on the 
accuracy of the results.

Statistical Methods
All results were expressed by mean and standard deviation. 

Quantitative data were compared using an unpaired t test, whereas 
qualitative variables were compared using Fisher’s exact test, both 
with 95% confidence interval. Correlation between T½ and quan-
titative variables was determined by the Pearson correlation coef-
ficient. Lastly, the accuracy of the gastric emptying measurement in 
relation to the length of the breath test was analyzed by a Pearson 
correlation test, linear regression, and by a Bland-Altman plot. Data 
were analyzed using GraphPad Prism version 5.03 for windows 
(GraphPad Software Inc, San Diego, California, USA; available 
from URL: www.graphpad.com), except for multivariate analysis 
which was performed using SPSS software version 20.0. (released 
2013; IBM Corp, Armonk, NY, USA). The covariates involved in 
the univariate and multivariate logistic regressions model included 
age, body mass index, diabetes mellitus, gender, GIQLI, heartburn, 
and IBS. Variables which were significantly associated with gastric 

half-emptying time in the univariate analysis were included in the 
multivariate logistic regression model and then analyzed by For-
ward Wald stepwise selection (entry probability 0.05 and removal 
probability 0.10), adjusting for the same covariates as used for the 
univariate model. Two-tailed P-value < 0.05 was considered statis-
tically significant.

Results 	

Patient Characteristics and Their Correlation With 
Gastric Emptying

Among the 198 analyzed patients, 149 patients (75.3%) had 
a complete gastric emptying measurement of 8 hours, whereas 49 
patients (24.7%) had a measurement lasting 6 hours to 8 hours. 
There was no difference in quality of life in patients with or without 
diabetes mellitus (GIQLI scores of 78.4 and 80.8 respectively, P = 
0.470). Patients with IBS presented poorer quality of life (GIQLI 
scores of 71.9 points compared to 83.6 without overlap with IBS, P 
= 0.002). Clinical and demographic characteristics of the patients 
are presented in Table 1.

No correlation was found between patient’s age (r = –0.047, P 
= 0.515) or body mass index (r = 0.062, P = 0.388) and gastric 

Table 1. Patient Characteristics

Characteristics Patients (N = 198)

Age (yr) 49.6 (18-83)
BMI (kg/m2) 25.1 ± 6.1
Sex ratio male/female (% males) 0.55 (35.4)
T½ over 6-8 hr (min) 187.2 ± 107.2
T½ calculated over 4 hr (min) 169.7 ± 78.1
Diabetes mellitus 46 (23.2)
Surgery for GERD or HH 25 (12.6)
Fulfilling FD criteria 105 (53.0)
Overlap with IBS 57 (28.8)
Episode of gastroenteritis before the onset of 
symptoms

9 (4.5)

TSS (score) 16.9 ± 6.3
GIQLI (score) 80.2 ± 24.6
HADS (score) 15.7 ± 6.9
HADS-A (subscore) 9.4 ± 3.9
HADS-D (subscore) 6.3 ± 4.1

BMI, body mass index; T½, half emptying time; GERD, gastroesophageal 
reflux disease; HH, hiatal hernia; FD, functional dyspepsia; IBS, irritable 
bowel syndrome; TSS, Total Symptom Score; GIQLI, Gastrointestinal Qual-
ity of Life Index; HADS, Hospital Anxiety Depression Scale; HADS-A and 
HADS-D, HADS anxiety and depression subscales respectively.
Data are presented as mean (range), n (%), or mean ± SD. 
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emptying. However, gastric emptying correlated with symptom 
severity assessed by TSS (r = –0.215, P = 0.002), quality of life 
assessed by the GIQLI (r = –0.227, P = 0.001) and anxiety and 
depression assessed by HADS (r = 0.206, P = 0.004).

Among the overall population, 105 patients (53.0%) fulfilled 
the Rome III criteria for FD. In the entire FD population, no cor-
relation was found between quality of life assessed by the GIQLI 
and gastric emptying (r = –0.041, P = 0.680). Clinical and demo-
graphic characteristics of these patients are presented in supplemen-
tary material (Supplementary Tables 1, 2, 3, 6 and 7).

Comparison Between Patients With a T½ ≤ 166 
Minutes and > 166 Minutes

One hundred and eight patients (54.5%) had a T½ ≤ 166 min-
utes and 90 patients (45.5%) had a T½ > 166 minutes. A history 
of type 1 or type 2 diabetes was more frequent in the group with 
delayed gastric emptying (P = 0.044). Other characteristics were 
similar in both groups and are presented in Table 2.

There was no difference between the 2 groups for all symp-
toms, as shown in Table 3.

Concerning quality of life, the GIQLI score was not correlated 
to the T½ (r = –0.027; P = 0.778) among patients with a T½ ≤ 
166 minutes, whereas there was a correlation among patients with a 
T½ > 166 minutes (r = –0.345; P < 0.001). However, there was 
no difference in the GIQLI score between the groups with T½ ≤ 
166 minutes and with T½ > 166 minutes (Table 2). Figures are 
shown in supplementary material (Supplementary Fig. 1).

Comparison Between Patients With a T½ ≤ 200 
Minutes and > 200 Minutes

To explain the discrepancy between the correlation of the T½ 
with the GIQLI score whereas the mean GIQLI values were not 
different in patients with T½ ≤ and > to 166 minutes, we hypothe-
sized that quality of life could be linked to the severity of the delayed 
gastric emptying. Characteristics of the population according to the 
presence or absence of severely delayed gastric emptying, using a 
T½ > 200 minutes, corresponding to the 75th percentile, are pre-
sented in Table 4.

Table 2. Characteristics of the Population According to Gastric Half Emptying Time (T½) ≤ 166 Minutes or > 166 Minutes (Measured Over 
6-8 Hours)

Characteristics T½ ≤ 166 min (n = 108) T½ > 166 min (n = 90) P-value

Age (yr) 50.0 ± 16.1 49.1 ± 14.2 0.666
BMI (kg/m2) 24.4 ± 6.0 25.9 ± 6.1 0.085
Sex ratio male/female (% males) 0.54 (35.2) 0.55 (35.6) > 0.999
Diabetes mellitus 19 (17.6) 27 (30.0) 0.044a

Surgery for GERD or HH 16 (14.8) 9 (10) 0.392
Overlap with IBS 32 (29.6) 25 (27.8) 0.875
Episode of gastroenteritis before the onset of symptoms 4 (3.7) 5 (5.6) 0.734
TSS (score) 17.3 ± 6.1 16.5 ± 6.6 0.393
GIQLI (score) 81.2 ± 24.3 79.1 ± 24.8 0.549
HADS (score) 15.1 ± 6.6 16.5 ± 7.2 0.137
HADS-A (subscore) 9.1 ± 3.8 9.7 ± 4.0 0.237
HADS-D (subscore) 6.0 ± 4.0 6.8 ± 4.2 0.172

aP < 0.05.
BMI, body mass index; GERD, gastroesophageal reflux disease; HH, hiatal hernia; IBS, irritable bowel syndrome; TSS, Total Symptom Score; GIQLI, Gastroin-
testinal Quality of Life Index; HADS, Hospital Anxiety Depression Scale; HADS-A and HADS-D, HADS anxiety and depression subscales respectively.
Data are presented as mean ± SD or n (%).

Table 3. Symptoms According to Gastric Half Emptying Time (T½) 
≤ 166 Minutes or > 166 Minutes (Measured Over 6-8 Hours)

Symptom
T½ ≤ 166 

min
(n = 108)

T½ > 166 
min

(n = 90)
P-value

Postprandial fullness 56 (1.6) 46 (1.5) > 0.999
Abdominal pain 38 (1.9) 39 (1.9) 0.246
Bloating 50 (1.7) 49 (1.5) 0.318
Regurgitations 33 (2.3) 31 (2.2) 0.647
Nausea 26 (2.4) 28 (2.3) 0.336
Early satiety 44 (2.1) 39 (1.9) 0.773
Belching 46 (1.9) 38 (1.9) > 0.999
Vomiting 9 (3.4) 10 (3.2) 0.629
TSS 17.3 ± 6.1 16.5 ± 6.6 0.393

TSS, Total Symptom Score.
Data are presented as n (mean score) or mean score ± SD.
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There was a significant difference for symptoms of postprandial 
fullness (P = 0.012), abdominal pain (P = 0.026), bloating (P = 
0.044), early satiety (P = 0.018), and for the TSS (P < 0.005). 
Results are shown in Table 5.

Concerning quality of life, the GIQLI score was not correlated 
to the T½ among patients with a T½ ≤ 200 minutes (r = 0.035; 
P = 0.668; Supplementary Fig. 2A). However, there was a cor-
relation among patients with a T½ > 200 minutes (r = –0.344; P 
= 0.018; Supplementary Fig. 2B). In the group with a T½ < 200 
minutes, the mean value of the GIQLI score was 82.5 in compari-
son to 73.0 in the group with a T½ > 200 minutes (P = 0.020; 
Supplementary Fig. 2C).

In univariate analysis, the only predictor variables of gastric 
half-emptying time > 200 minutes were diabetes mellitus (P = 
0.005) and quality of life (P = 0.042). In multivariate analysis, the 
only predictor variables of gastric half-emptying time > 200 min-
utes were also diabetes mellitus (P = 0.007) and quality of life (P 

= 0.044). Results are shown in supplementary material (Supple-
mentary Tables 4 and 5).

Re-analysis of the Data Over 4 Hours Versus > 6 
Hours

Finally, we compared patients with a T½ ≤ or > 200 minutes 
after recalculating gastric emptying for all the patients with data of 
the first 4 hours only. We only observed a significant difference on 
abdominal pain (P = 0.033), which was more frequent when T½ 
was > 200 minutes, and the TSS, which was slightly decreased 
when T½ was > 200 minutes (P = 0.024). Other results are shown 
in supplementary material (Supplementary Table 8).

The GIQLI score was not correlated to the T½ for the overall 
population anymore when using the calculation of T½ over 4 hours 
(r = –0.128; P = 0.072), neither in patients with a T½ ≤ 200 min-
utes (r = 0.012; P = 0.882) nor in patients with a T½ > 200 min-
utes (r = –0.072; P = 0.653). Figures are shown in supplementary 

Figure. Correlation (A) and Bland-Altman plot between the calculations of the gastric half emptying time (T½) over 4 hours and more than 6 
hours for the overall population (B), for a T½ ≤ 200 minutes (C) and for a T½ > 200 minutes (D).
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material (Supplementary Fig. 3).
We found a strong correlation between the T½ calculated over 

the first 4 hours and that established on the entire recording of 
more than 6 hours for the entire population (r = 0.704; P < 0.001; 
Figure A). However, a wider dispersion of results was noted for 
patients with a T½ > 200 minutes after the Bland-Altman analysis 
(Figure B). Indeed, the concordance between measures of the T½ 
over 4 hours and over more than 6 hours was less reliable for a T½ 
> 200 minutes, considering measurement over 6-8 hours as gold 
standard: bias between calculations over 4 hours and more than 6 
hours was 14.7 with a standard deviation of 13.3 in patients with a 

T½ ≤ 200 minutes (Figure C) while bias was 28.1 with a standard 
deviation of 167.0 in patients with a T½ > 200 minutes (Figure D).

Discussion 	

In the literature, 30% to 40% of dyspeptic patients present 
delayed gastric emptying, diagnosed either by scintigraphy6 or by 
breath testing.7 We have found 45% of gastroparesis among dys-
peptic patients in our cohort, which is slightly a greater percentage 
than what is described in the medical literature, maybe because we 
analyzed all dyspeptic patients referred for gastric emptying testing, 
and not only patients with FD according to the Rome criteria, but 
also because of normal values established by Bromer et al.34

In our study, gastric emptying broadly correlated to symptoms 
severity, quality of life and anxiety, and depression in an unselected 
population undergoing gastric emptying testing. There was no dif-
ference for symptoms and quality of life between groups with a T½ 
≤ 166 or > 166 minutes. However, for a T½ > 200 minutes, there 
was a significant difference for postprandial fullness, abdominal 
pain, bloating, nausea and early satiety, and also for the TSS score 
and quality of life when the analysis was measured over more than 
6 hours. Therefore, our study showed that the link between symp-
toms and gastric emptying exists for patients with severely delayed 
gastric emptying. To be clinically relevant, gastric emptying delay 
thresholds may be based on a selection of the more severe patients 
rather than on statistically abnormal values established among 

Table 4. Characteristics of the Population According to Gastric Half Emptying Time (T½) ≤ 200 Minutes or > 200 Minutes (Measured Over 
6-8 Hours)

Characteristics
T½ ≤ 200 min 

(n = 151)
T½ > 200 min

(n = 47)
P-value

Age (yr) 49.7 ± 16.0 49.2 ± 12.8 0.824
BMI (kg/m2) 24.8 ± 6.2 25.8 ± 5.6 0.343
Sex ratio male/female (% males) 0.56 (35.8) 0.57 (36.2) 0.863
Diabetes mellitus 27 (17.9) 19 (40.4) 0.003a

Surgery for GERD or HH 18 (11.9) 7 (14.9) 0.618
Overlap with IBS 43 (28.5) 14 (29.8) 0.856
Episode of gastroenteritis before the onset of symptoms 6 (4.0) 3 (6.4) 0.446
TSS (score) 17.6 ± 6.3 14.7 ± 6.0 0.005a

GIQLI (score) 82.5 ± 23.8 73.0 ± 25.5 0.020a

HADS (score) 15.3 ± 6.5 17.2 ± 7.8 0.090
HADS-A (subscore) 9.2 ± 3.6 10.1 ± 4.6 0.160
HADS-D (subscore) 6.1 ± 4.0 7.1 ± 4.3 0.134

aP < 0.05.
BMI, body mass index; GERD, gastroesophageal reflux disease; HH, hiatal hernia; IBS, irritable bowel syndrome; TSS, Total Symptom Score; GIQLI, Gastroin-
testinal Quality of Life Index; HADS, Hospital Anxiety Depression Scale; HADS-A and HADS-D, HADS anxiety and depression subscales respectively.
Data are presented as mean ± SD or n (%).

Table 5. Symptoms According to Gastric Half Emptying Time (T½) 
≤ 200 Minutes or > 200 Minutes (Measured Over 6-8 Hours)

Symptom
T½ ≤ 200 min

(n = 151)
T½ > 200 min

(n = 47)
P-value

Postprandial fullness 70 (1.7) 32 (1.2) 0.012a

Abdominal pain 52 (2.0) 25 (1.7) 0.026a

Bloating 69 (1.7) 30 (1.3) 0.044a

Regurgitations 50 (2.2) 14 (2.3) 0.724
Nausea 36 (2.5) 18 (2.0) 0.062
Early satiety 56 (2.1) 27 (1.6) 0.018a

Belching 61 (2.0) 23 (1.6) 0.315
Vomiting 14 (3.4) 5 (3.1) 0.780
TSS 17.6 ± 6.3 14.7 ± 6.0 0.005a

aP < 0.05.
TSS, Total Symptom Score.
Data are presented as n (mean score) or mean score ± SD.
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healthy volunteers. The exact norms defining severity of gastric 
emptying are thus still to be defined, both for 13C-labeled octanoic 
acid breath test and for gastric scintigraphy.

Diabetes mellitus was more frequent in groups with delayed 
or severely delayed gastric emptying and predicted the presence of 
severely delayed gastric emptying in multivariate analysis. However, 
there was no difference in quality of life in patients with or with-
out diabetes mellitus in our study. On the contrary, IBS patients 
presented poorer quality of life but the presence of a diagnosis of 
IBS was not predictive of severely delayed gastric emptying in our 
cohort. Therefore, the alteration of quality of life in patients with 
severely delayed gastric emptying is not likely to be explained by 
diabetes mellitus or IBS, as shown in the supplementary material. 
Since the GIQLI score is a GI-specific quality of life question-
naire, it is possible that a more general score like SF-36 could have 
observed a difference in quality of life in patients with or without 
diabetes mellitus.

Discrepancies in the literature between symptoms and gastric 
emptying could be explained by the heterogeneity of the studies, 
with different evaluation methods used. Indeed, gastric emptying 
was measured by gastric scintigraphy or by 13C-labeled octanoic 
acid breath testing with various durations of recording, different 
test-meals and non-uniform symptoms collection. Most of the stud-
ies published previously used a measurement over 4 hours since a 
consensus paper recommends gastric emptying scintigraphy to be 
performed over this period.10 However, measurements of gastric 
emptying by scintigraphy or 13C-labeled octanoic acid breath testing 
are well correlated in the literature.8,9 Indeed, the choice of measure-
ment technique did not seem to be implicated in the discrepancy 
between studies both scintigraphy and breath testing showing con-
flicting results. On the other hand, most of the studies published 
previously used a measurement over 4 hours.10 Our work suggests 
that the discrepancy found in the literature could partially be linked 
to the duration of the measurement of gastric emptying. Indeed, 
differences among symptoms correlated to the T½ calculated over 
more than 6 hours but not if the calculation was limited to 4 hours 
in our study. This is probably due to a lack of accuracy of the mea-
surement if limited to 4 hours once the T½ exceeds 200 minutes. 
Measuring gastric emptying with 13C-labeled octanoic acid breath 
testing over 6 hours has been shown to be more reliable than over 4 
hours.35 This has been confirmed in our study by a Bland-Altman 
analysis. The variability between measures over 4 hours and over 
more than 6 hours was 3 times superior when the T½ threshold was 
set at 200 minutes in comparison to 166 minutes. A better estima-
tion of the real emptying time could therefore be the explanation of 

the correlation found only in 8-hour measurements. Furthermore, 
our protocol could theoretically better select patients in whom ac-
celerating gastric emptying could be a better target for symptom 
improvement. All these elements are in favor of a measurement of 
gastric emptying over 8 hours in current practice when using 13C-
labeled octanoic acid breath testing. Similar results were found by 
Choi et al,36 with better correlation, when using breath testing com-
pared to gastric scintigraphy, for measurements over 6 hours rather 
than 4 hours. However, implementing an 8-hour measurement in 
daily practice is patient-unfriendly and increases the cost of the pro-
cedure. Future studies should focus on identifying new algorithms 
to extrapolate the correct T½ from shorter measurements.

Another possible explanation to the discrepancy relies on the 
test-meal. The study of Bromer et al,34 from which the norm of 166 
minutes comes from, used a muffin of 350-kcal37 in which 100 mg 
of 13C-labeled octanoic acid have been added. Our choice to use a 
different test-meal from the one used in the study of Bromer et al34 
is justified because it is a test-meal similar to the one used in the 
study by Ghoos et al29 from which our equation is based and be-
cause it is the most widely used in studies, even if these are limited 
to 4-hour measurements.14,38 Moreover, a high caloric load leads 
to a poor tolerance in many dyspeptic patients since it is known to 
delay gastric emptying.39 In our study, during the inclusion period, 
some patients have vomited their test-meal whereas it was only 250-
kcal.

On the other hand, the study of Bromer et al34 defined delayed 
gastric emptying by a T½ > 166 minutes if the measurement was 
done over more than 6 hours. This norm was established upon only 
9 healthy volunteers. This value necessitated to be reevaluated by 
complementary studies since it could overestimate the number of 
patients defined as suffering from gastroparesis. This could explain 
in part the fact that we did not find any difference for symptoms 
or quality of life between groups. In our study, the definition of the 
more severe patients was defined arbitrarily as the 75th percentile.

Our work has several limitations. First, it is a monocentric 
study realized in a tertiary hospital, implying that patients could be 
more severe in comparison to secondary care. Nevertheless, most 
available studies in the literature have been realized in tertiary refer-
ral centers and this only factor cannot be incriminated to explain 
discrepancies between studies. Symptoms were collected prospec-
tively, permitting to avoid biases due to heterogeneous measure-
ments. Patients from which we could not calculate the T½ have not 
been retained in the study. In the study, there was no significant dif-
ference concerning vomiting. Since some patients had vomited their 
test-meal, their exclusion could have led to a selection bias since 
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excluding the more severe patients imply not reflecting anymore 
the dyspeptic population of origin.40 However, the number of those 
patients is very small (4 patients, 2%). Finally, we did not realize any 
subgroup analysis according to treatments, especially as patients had 
to stop every treatment that could interact with the measurement of 
gastric emptying before the test.

Delayed gastric emptying could not explain all the differ-
ent symptomatic profiles. Indeed, some studies have found other 
pathophysiological mechanisms like visceral hypersensitivity or 
gastric compliance disorders as triggers of dyspeptic symptoms.41,42 
It is unlikely that gastric emptying itself could be the origin of all 
symptoms in gastroparesis. This is suggested in part by therapeutic 
trials. Indeed, the efficacy of gastric electrical stimulation on refrac-
tory nausea and vomiting is not linked to the acceleration in gastric 
emptying.43 Furthermore, the use of prokinetics12,44-47 or injections 
of intra-pyloric botulinum toxin38,48 did not improve symptoms 
in comparison to placebo, despite accelerating gastric emptying. 
Another study evaluating the efficacy of relamorelin, a selective 
ghrelin receptor agonist, that it accelerates gastric emptying in 
diabetic patients and reduces the frequency and severity of vomit-
ing in comparison to placebo.49 However, the authors emphasized 
that there was no correlation between the acceleration of the gastric 
emptying and the improvement of symptoms. Up to now, there are 
only scarce data regarding correlation between gastric emptying ac-
celeration and symptom improvement in gastroparesis.50

When performing subgroup analysis with all FD patients, 
we did not find any association between quality of life and half-
emptying time. Showing an impact of the severity of gastric empty-
ing delay in the overall dyspeptic population and not in FD patients 
suggests that the population of FD patients is too small to show a 
difference in our study. Therefore, these results suggest looking at 
the impact of severely delayed gastric emptying on symptoms and 
quality of life in a larger cohort of patients with FD.

In conclusion, our study demonstrates that there is no as-
sociation between symptoms, quality of life, and gastric emptying 
measured with breath testing in an overall dyspeptic population. 
However, in patients with severely delayed gastric emptying, gastric 
emptying is associated with symptoms and quality of life, but this 
requires an 8-hour measurement. Indeed, a severely delayed gastric 
emptying can be diagnosed accurately only with an 8-hour mea-
surement during 13C-labeled octanoic acid breath testing.
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