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ABSTRACT

Aims/Introduction: Previous studies have reported that the glucagon-like peptide-1
receptor agonist (GLP-1RA) delays gastric emptying, and gastric emptying was assessed by
the "C breath test or paracetamol absorption technique. However, neither of them is
clinically familiar in real-world clinical practice. The purpose of the present study was to
investigate the association between GLP-1RA treatment and gastric residue in an
esophagogastroduodenoscopy.

Materials and Methods: This study was a matched pair case—control study. The study
population consisted of 1,128 individuals with diabetes who had
esophagogastroduodenoscopy at our clinic between July 2020 and June 2022. To
account for differences in characteristics, such as age, sex, insulin treatment and glycated
hemoglobin, we carried out a one-to-one nearest neighbor propensity score matching
analysis between diabetes patients with and without GLP-1RA treatment. After matching,
we compared the presence of gastric residue in an esophagogastroduodenoscopy by the
McNemar test between patients with and without GLP-1RA treatment.

Results: After the propensity score matching, we selected 205 pairs. In the propensity
score-matched comparison, the proportion of gastric residue was statistically significantly
higher in the GLP-1RA treatment group (049% vs 549%, P = 0.004). The details of GLP-1RA
prescribed for the 11 patients with gastric residue were liraglutide once daily 1.8 mg

(n = 2), dulaglutide once weekly 0.75 mg (n = 5), semaglutide once weekly 0.5 mg

(n =2) and semaglutide once weekly 1.0 mg (n = 2).

Conclusion: GLP-1RA treatment is associated with gastric residue in an
esophagogastroduodenoscopy in patients with diabetes.
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INTRODUCTION
Glucagon-like peptide-1 receptor agonist (GLP-1RA) has been
attracting attention not only for its glucose-lowering effect, but

world clinical practice. From this respect, a previous retrospec-
tive cohort study with matched cases examined the impact on
gastric residue during esophagogastroduodenoscopy’. This pre-

also effects on bodyweight, lower risk of hypoglycemia, and car-
diovascular and renal benefits"”.

Previous studies have reported that GLP-1RAs delay gastric
emptying, and in most of these studies, gastric emptying was
assessed by the >C breath test’ > or paracetamol absorption
technique®®. However, neither of these are familiar in real-
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vious study reported that GLP-1RA did not significantly
increase the odds of gastric residue (6.8% vs 1.7%, odds ratio
422, 95% confidence interval 0.87-20.34)°. However, a small
sample size (59 patients prescribed with GLP-1RA and 118
matched controls) was one of the limitations.

We have previously reported that insulin treatment is associ-
ated with gastric residue in an esophagogastroduodenoscopy
independent of age, sex and diabetes or glycated hemoglobin
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(HbAlc) in a retrospective cohort study conducted at the Insti-
tute of Medical Science, Asahi Life Foundation'’. However, we
were unable to confirm the association of GLP-1RA treatment
with gastric residue, because there was only one participant
with gastric residue receiving the GLP-1RA treatment. In our
previous study, the study population consisted of individuals
who had an esophagogastroduodenoscopy at our clinic (Tokyo,
Japan) between January 2003 and December 2019, thus there
were not many individuals treated with GLP-1RA at their first
esophagogastroduodenoscopy during the period.

In recent years, the number of diabetes patients treated with
GLP-1RA at our clinic has increased. Furthermore, there is no
obvious report on the association between GLP-1RA and gas-
tric residue in an esophagogastroduodenoscopy in Japanese
patients with diabetes. Therefore, the purpose of the present
study was to investigate whether GLP-1RA treatment is associ-
ated with gastric residue in an esophagogastroduodenoscopy.

MATERIALS AND METHODS

Study design and participants

The present study was a matched pair case—control study.
The protocol was approved by the Committee of Ethics in
the Institute of Medical Science, Asahi Life Foundation
(approval number 14201). Informed consent was obtained in
the form of opt-out on our website. Investigations were

http://wileyonlinelibrary.com/journal/jdi

carried out in accordance with the principals of the Declara-
tion of Helsinki.

Those who had an esophagogastroduodenoscopy at our clinic
between 1 July 2020 and 30 June 2022 were selected. Among
the total number of 3,814 esophagogastroduodenoscopy
patients, we excluded 506 patients who did not test HbAlc at
our clinic within 3 months before the esophagogastroduodeno-
scopy, two cases who were unable to keep fasting. As for indi-
viduals who has an esophagogastroduodenoscopy more than
once, we used the data at the latest esophagogastroduodeno-
scopy with gastric residue when individuals had gastric residue
at least once during the period, and we used the data at the lat-
est esophagogastroduodenoscopy when individuals had no gas-
tric residue during the period. After deduplication, it is found
that 2,301 individuals had an esophagogastroduodenoscopy
during the period. Among them, we excluded 31 individuals
with a history of esophageal or gastric operation and 1,142
individuals without diabetes. Finally, the study comprised of the
remaining 1,128 individuals with diabetes (Figure 1).

Measurements

All individuals started fasting before 09.00 hours on the previ-
ous day of the esophagogastroduodenoscopy, and took nothing
except for water afterwards. All esophagogastroduodenoscopies
were carried out between 09.00 and 11.30 hours. Therefore, the

Total esophagogastroduodenoscopy cases between 1st July 2020 and 30th June 2022, n= 3,814

n=>506

A4

Deduplication

l

—> Cases that did not test HbATc at our clinic within
3 months before the esophagogastroduodenoscopy,

> Cases that were unable to keep fasting, n=2

Individuals who had esophagogastroduodenoscopy during the period, n = 2,301

A 4

> Individuals with history of esophageal or gastric
operation, n =31

—> Individuals without diabetes, n= 1,142

GLP-1RA treatment (-),

GLP-1RA treatment (+),

n=923 n=205

Propensity score matching

A 4

GLP-1RA treatment (-),
n=205

GLP-TRA treatment (+),
n=205

Figure 1 | Patient selection flow for propensity score matching. GLP-1RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated hemoglobin.
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duration of fasting for all individuals was >12 h, which should
be enough to empty the stomach'’. All esophagogastroduode-
noscopy findings were reported by trained gastroenterologists
who carried out the esophagogastroduodenoscopy. We defined
the presence of gastric residue as having any solids in the stom-
ach in an esophagogastroduodenoscopy.

We defined having diabetes as either receiving medical treat-
ment for diabetes, fasting blood glucose level >126 mg/dL,
casual blood glucose level >200 mg/dL, HbAlc >6.5% or self-
report in a questionnaire.

We used the latest HbAlc and the diabetes medication
within 3 months before the esophagogastroduodenoscopy, fast-
ing blood glucose level in the morning on the day of the eso-
phagogastroduodenoscopy, and the latest estimated glomerular
filtration rate, urinary protein, urinary albumin creatinine ratio
and state of diabetic retinopathy within a year before/after the
esophagogastroduodenoscopy for this analysis. Diabetic retinop-
athy was evaluated by trained ophthalmologist based on the
Davis classification: no diabetic retinopathy; simple diabetic reti-
nopathy; pre-proliferative diabetic retinopathy; and proliferative
diabetic retinopathy'?. Other data collected were sex and age at
the esophagogastroduodenoscopy.

Statistical analysis

To account for differences in characteristics between diabetes
patients with and without GLP-1RA treatment, we carried out a
one-to-one propensity score matching analysis. Logistic regres-
sion analysis was used to calculate propensity scores for patients
with or without GLP-1RA treatment, using HbAlc and insulin
treatment. To calculate propensity scores for patients with
weekly injectable GLP-1RA treatment or without any GLP-1IRA
treatment, and propensity scores for GLP-1RA-untreated
patients with or without dipeptidyl peptidase-4 (DPP-4) inhibi-
tor treatment, we used HbAlc, age, sex and insulin treatment.
To calculate propensity scores for patients with or without GLP-
1RA treatment among those who had fasting blood glucose level
measured in the morning on the day of the esophagogastroduo-
denoscopy, we used HbAlc, fasting blood glucose level, age, sex
and insulin treatment. Each patient with GLP-1RA treatment
was matched with a patient without GLP-1RA treatment in the
analyses of association with GLP-1RA and gastric residue

Table 1 | Characteristics before and after propensity score matching
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(Figure 1, Figure S1), and each patient with DPP-4 inhibitor
treatment was matched with a patient without DPP-4 inhibitor
treatment in the analyses of association with DPP-4 inhibitor
and gastric residue (Figure S2), with the closest estimated pro-
pensity score on the logit scale with no replacement. The width
of the caliper was set at 20% of the standard deviation of the
propensity scores on the logit scale. Balances in baseline vari-
ables using standardized differences were estimated. Absolute
values <0.25 were considered balanced">'*.

After the propensity score matching, we compared the pres-
ence of gastric residue in esophagogastroduodenoscopy by the
McNemar test.

In the comparison of clinical characteristics between patients
with and without gastric residue among those who were treated
with GLP-1RA, we assessed the normality of continuous vari-
ables by histogram. The Wilcoxon rank sum test was used to
compare non-parametric continuous variables. Pearson’s y>-test
or Fisher’s exact test was used to compare categorical variables
as appropriate.

The threshold of statistical significance was two-tailed
P < 0.05. Statistical analyses were carried out using JMP
version 16.2.0 (SAS Institute Inc., Cary, NC, USA).

RESULTS

The characteristics of the 1,128 study participants are shown in
Table 1. Of 1,128 patients, 17 had gastric residue in an esopha-
gogastroduodenoscopy, and details of their clinical characteris-
tics are shown in Table S1. Before matching, patients with
GLP-1RA treatment had higher HbAlc and a higher propor-
tion of insulin treatment. As we previously reported that taking
insulin treatment is a risk factor for gastric residue in an eso-
phagogastroduodenoscopy independent of age, sex and diabetes
or HbA1c'", we carried out propensity score matching analysis
to account for differences in characteristics between patients
with and without GLP-1RA treatment. After one-to-one nearest
neighbor propensity score matching, we selected 205 pairs
(Figure 1). After propensity score matching, patients’ character-
istics were balanced between the two groups (Table 1). In the
propensity score-matched comparison, the proportion of gastric
residue was statistically significantly higher in the GLP-1RA
treatment group (Table 2). The comparison of clinical

Variables Before matching After matching

GLP-1RA (=) GLP-1RA () Standardized GLP-1RA (=) GLP-1RA (+) Standardized

difference difference

(n = 923) (n = 205) (n = 205) (n = 205)
Age (years) 72 63, 77) 70 62, 76) 0088 72 64, 77) 70 62, 76) 0099
Sex (male) 728 (789 163 (79.5) 0016 154 (75.1) 163 (79.5) 0.105
HbATc (%) 70 66, 7.5) 73 638, 798) 0258 73 638, 7.8) 73 638, 78) 0022
Insulin treatment 289 (313) 102 (49.8) 0383 101 (493) 102 (49.8) 0010
Data are median (interquartile range) or n (%).GLP-1RA, glucagon-like peptide-1 receptor agonist; HoA1c, glycated hemoglobin.
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Table 2 | Outcome in the unmatched and propensity score-matched groups

Before matching

After matching

GLP-1RA (-) GLP-1RA (+) P-value GLP-1RA () GLP-1RA (+) P-value
(n = 923) (n = 205) (n = 205) (n = 205)
Gastric residue (+) 6 (0.65) 11 (54) <0001 1 (049) 11 (54) 0.004

Data are n (%). GLP-1RA, glucagon-like peptide-1 receptor agonist.

characteristics between patients with and without gastric residue
among those who were treated with GLP-1RA is shown in
Table S2. Among patients treated with GLP-1RA, patients with
gastric residue were statistically significantly younger than
patients without gastric residue (Table S2). The details of GLP-
1RA prescribed for the 11 patients with gastric residue were lir-
aglutide once daily 1.8 mg (2/19 patients treated with liraglutide
once daily 1.8 mg, 10.5%), dulaglutide once weekly 0.75 mg (5/
90 patients treated with dulaglutide once weekly 0.75 mg,
5.6%), semaglutide once weekly 0.5 mg (2/17 patients treated
with semaglutide once weekly 0.5 mg, 11.8%) and semaglutide
once weekly 1.0 mg (2/9 patients treated with semaglutide once
weekly 1.0 mg, 22.2%; Tables S1 and S2).

Considering the blood half-life of each daily injectable GLP-
1RA and the previous studies® °, there remains a possibility that
the influence of daily injectable GLP-1RAs on gastric emptying
does not last to the next morning. Thus, we next carried out
propensity score matching analysis between diabetes patients
with weekly injectable GLP-1RA treatment and patients without
any GLP-1RA treatment. After one-to-one nearest neighbor pro-
pensity score matching, we selected 123 pairs (Table S3). The
proportion of gastric residue was significantly higher in the
weekly injectable GLP-1RA groups (0% vs 7.3%, GLP-1RA-
untreated group vs weekly injectable GLP-1RA treatment group,
respectively). Although we were unable to carry out the McNe-
mar test, because there was no patient with gastric residue in the
GLP-1RA-untreated group after the propensity score-matched
comparison (Table S4), the weekly injectable GLP-1RA treat-
ment group and the GLP-1RA-untreated group were already
balanced before matching (Table S3), and the proportion of gas-
tric residue was statistically significantly higher in the weekly
GLP-1RA treatment group before matching (Table S4).

It is reported that blood glucose level, such as hyperglycemia,
hypoglycemia and acute changes in blood glucose, affects gastric
emptying.ls’16 However, our above-mentioned propensity score
analyses did not include data of glucose levels. Therefore, we
next carried out propensity score matching analysis between dia-
betes patients with and without GLP-1RA treatment among only
those who had fasting blood glucose level measured in the
morning on the day of the esophagogastroduodenoscopy. After
one-to-one nearest neighbor propensity score matching, we
selected 134 pairs (Figure S1). After propensity score matching,
patients’ characteristics were balanced between the two groups
(Table S5). In the propensity score-matched comparison, the

proportion of gastric residue was statistically significantly higher
in the GLP-1RA treatment group (Table S6) in this analysis, too.
Among antidiabetic drugs, some drugs have an intestinal
adverse effect. Although metformin and alpha-glucosidase
inhibitor have intestinal adverse effects, they do not suppress
gastric emptying. In contrast, DPP-4 inhibitor could delay gas-
tric emptying as well as GLP-1RA. Therefore, we next investi-
gated the association with DPP-4 inhibitor and gastric residue.
Among 923 patients without GLP-1RA treatment, we carried
out propensity score matching analysis between patients with
or without DPP-4 inhibitor treatment. After one-to-one nearest
neighbor propensity score matching, we selected 313 pairs
(Figure S2). After propensity score matching, patients’ charac-
teristics were balanced between the two groups (Table S7). In
the propensity score-matched comparison, there was no signifi-
cant difference in the proportion of gastric residue between
groups with or without DPP-4 inhibitor treatment (Table S8).

DISCUSSION

The present matched pair case—control study showed that
GLP-1RA treatment was associated with gastric residue in an
esophagogastroduodenoscopy.

Although it is well known that GLP-1RAs delay gastric emp-
tying, in most of the studies, gastric emptying was assessed by
the ">C breath test’ > or paracetamol absorption technique® ®.
These are both appropriate to evaluate gastric emptying quanti-
tatively, and gastric emptying was assessed until 46 h after
ingestion in these tests’ . Therefore, the results from these
evaluations are useful information when we manage postpran-
dial glucose level. In contrast, the duration of fasting in esopha-
gogastroduodenoscopy is >12 h. Thus, gastric emptying
assessed by gastric residue in an esophagogastroduodenoscopy
might be different from that assessed by '°C breath test or
paracetamol absorption technique. Furthermore, in real-world
clinical practice, whether there is any gastric residue or not
might be more important than accurate gastric emptying rate,
when we evaluate the image of esophagogastroduodenoscopy.
Therefore, the present study is novel in that we set the gastric
residue in an esophagogastroduodenoscopy as the outcome
according to an interest in real-world clinical practice in testing
of esophagogastroduodenoscopy among Japanese diabetes
patients.

GLP-1RAs are classified into short-acting GLP-1RAs and
long-acting GLP-1RAs', and they have different characteristics.
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For short-acting GLP-1RAs, such as exenatide and lixisenatide,
delayed gastric emptying is the main mechanism of suppres-
sion of post-prandial hyperglycemia'® . In contrast, for long-
acting GLP-1RAs, such as liraglutide, exenatide-LAR (long-
acting release), dulaglutide and semaglutide, increasing insulin
secretion and suppressing glucagon are the main mechanism
of suppression of post-prandial hyperglycemia®'. Although the
GLP-1RA effect to delay gastric emptying is preserved in the
use of short-acting GLP-RA, which stimulates GLP-1 receptors
intermittently, this effect diminishes when long-acting GLP-
IRA is administered for a long term®>*’. Considering these
differences, short-acting GLP-1RA treatment might cause more
gastric residue in an esophagogastroduodenoscopy than long-
acting GLP-1RA treatment. However, in the present study,
GLP-1RAs prescribed for 11 patients with gastric residue were
all long-acting GLP-1RAs and their median duration of GLP-
IRA treatment was 57 months (interquartile range 26.5-64).
This might be because more long-acting GLP-1RAs (n = 199)
were prescribed in our clinic than short-acting GLP-1RAs
(n = 6). The present result suggests that we have to pay atten-
tion to the possibility of gastric residue in an esophagogastro-
duodenoscopy, even when patients are treated with long-acting
GLP-1RA for a long term.

Although there is no consensus about preparation for gastric
residue in an esophagogastroduodenoscopy among the high-
risk group now, it was reported that metoclopramide*, dom-
peridone® and erythromycin®® accelerated gastric emptying. It
was also reported that enteral nutrient formula® and mosa-
pride” were effective for a preparation for capsule endoscopy.
Therefore, if gastric residue was ever observed in an esophago-
gastroduodenoscopy examination, especially in patients with
diabetes receiving GLP-1RA treatment, it might be preferable
to have a longer fasting time, use of these prokinetic drugs or
enteral nutrient formula to avoid gastric residue.

Several limitations of the present study should be acknowl-
edged. First, this study was a single-center observational study
and the number of patients with gastric residue was small;
therefore, it might not represent diabetes patients with gastric
residue in Japan. To generalize our findings, a further multicen-
ter study is required. Second, diabetes duration, diabetic neu-
ropathy and diabetic retinopathy were not used for calculating
the propensity score, because we were unable to obtain this
information from electrical medical records. Finally, there
remains the possibility that prescription from other hospitals
affected gastrointestinal motility.

In summary, the present matched pair case—control study
shows for the first time that GLP-1RA treatment is associated
with gastric residue in an esophagogastroduodenoscopy in Japa-
nese patients with diabetes.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 Patient selection flow for propensity score matching for the analysis among patients whose fasting blood glucose level
was measured in the morning on the day of the esophagogastroduodenoscopy.

Figure S2 Patient selection flow for propensity score matching for the analysis among patients without glucagon-like peptide-1
receptor agonist treatment.

Table S1 Details of each clinical characteristic of 17 patients with gastric residue in an esophagogastroduodenoscopy before propen-
sity score matching.

Table S2 Comparisons of clinical characteristics between patients with and without gastric residue among those who were treated
with glucagon-like peptide-1 receptor agonist.

Table S3 The characteristics before and after propensity score matching among patients with weekly injectable glucagon-like pep-
tide-1 receptor agonist treatment and patients without any glucagon-like peptide-1 receptor agonist treatment.
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Table S4 Outcome in the unmatched and propensity score-matched groups among patients with weekly injectable glucagon-like
peptide-1 receptor agonist treatment and patients without any glucagon-like peptide-1 receptor agonist treatment.

Tabel S5 The characteristics before and after propensity score matching among patients whose fasting blood glucose level was mea-
sured in the morning on the day of the esophagogastroduodenoscopy.

Table S6 Outcome in the unmatched and propensity score-matched groups among patients whose fasting blood glucose level was
measured in the morning on the day of the esophagogastroduodenoscopy.

Table S7 The characteristics before and after propensity score matching among patients without glucagon-like peptide-1 receptor
agonist treatment.

Table S8 Outcome in the unmatched and propensity score-matched groups among patients without glucagon-like peptide-1 recep-
tor agonist treatment.
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