1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

HHS Public Access

Author manuscript
Neurogastroenterol Motil. Author manuscript; available in PMC 2021 April 01.

Published in final edited form as:
Neurogastroenterol Motil. 2020 April ; 32(4): €13779. d0i:10.1111/nm0.13779.

Clinical Features and Disturbances of Gastrointestinal Transit in
Patients with Rapid Gastric Emptying

Saatchi Kuwelker, MBBS!, Anjani Muthyala, MBBS?!, Michael O’Connor?, Adil E. Bharucha,
MBBS, MD?

IClinical Enteric Neuroscience Translational and Epidemiological Research Program, Division of
Gastroenterology and Hepatology, Mayo Clinic, Rochester, Minnesota.

2Division of Nuclear Medicine, Mayo Clinic, Rochester, Minnesota.

Abstract

Aims.—Some patients with upper gastrointestinal symptoms have rapid gastric emptying (GE).
We aimed to compare patients with normal and rapid GE and to identify phenotypes among
patients with rapid GE.

Methods.—Among 2798 patients who underwent GE scintigraphy, we compared patients with
normal and rapid GE and separately, patients with rapid GE at 1 hour (GE1), 2 hours (GE2), or
both (GE12).

Results.—In 2798 patients, GE was normal (74%), delayed (18%), or rapid (8%). Among 211
patients with rapid GE, patterns were rapid GE1 (48%), 2 hours (17%), or 1 and 2 hours (35%); 42
(20%) had diseases that explain rapid GE. A combination of upper and lower gastrointestinal
symptoms (54%) was more common that isolated upper (17%) or lower (28%) gastrointestinal
symptoms (P<0.001). Constipation was more prevalent in patients with rapid GE 2 (72%) than
rapid GE 1 (47%) or rapid GE12 hours (67%) (P<0.05). Among 179 diabetes mellitus (DM)
patients, 15% had rapid GE, which not associated with the DM phenotype. By multivariable
analysis, insulin therapy (odds ratio [OR], 0.36; 95% confidence interval [Cl], 0.15-0.88) and
weight loss (OR, 0.10; 95% CI, 0.01-0.78) were associated with a lower risk of rapid than normal
GE in DM.

Conclusions.—Eight percent of patients undergoing scintigraphy had rapid GE, which is most
frequently associated with upper and lower gastrointestinal symptoms; constipation is common.
Insulin therapy and weight loss were associated with a lower risk of rapid than normal GE in DM
patients.
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Introduction

Initially described in patients with dumping syndrome after gastric surgery, iatrogenic
dumping syndrome (ie, after gastric bypass surgery and fundoplication) (1-3) is among the
most common causes of rapid gastric emptying (GE). Other diseases (eg, diabetes mellitus
(DM), autonomic neuropathy or postural orthostatic tachycardia syndrome [POTS]), and
functional gastrointestinal disorders (eg, diarrhea, non-ulcer dyspepsia, and cyclic vomiting
syndrome) are also associated with rapid gastric emptying (GE).(1, 3-11) Indeed, among
patients with DM and upper gastrointestinal symptoms who undergo scintigraphy,
approximately one in five have rapid GE.(6) Contrary to earlier studies, more recent studies
did not find differences in the phenotype of DM among patients with normal, rapid, and
delayed GE.(6, 11) However, treatment with insulin was associated with a lower risk of
rapid versus normal GE in DM. This finding is interesting, needs to be confirmed, and may
be explained by the finding that insulin reverses the reduced expression of neuronal nitric
oxide synthase in diabetic mice.(12-15), Hence, insulin may improve gastric accommodation
and prevent rapid GE.

Aside from post-surgical rapid GE, the pathogenesis of rapid GE is poorly understood.
Increased gastric contractility is associated with, and may explain, idiopathic rapid GE.(16)
Impaired postprandial gastric accommodation is associated with a higher gastric pressure,
which may also predispose to accelerated GE.(17) However, impaired accommodation is not
associated with rapid GE; among patients with non-ulcer dyspepsia, accommodation was
reduced in 26% of patients with normal GE, 11% with rapid, and 6% with delayed GE.(18)
Alternatively or in addition, it is conceivable but unknown if the mechanisms that normally
retard GE of solids (ie, the pyloric sieve or duodenogastric neurohumoral feedback
mechanisms) (19-21), possibly inherited,(22) may be impaired, thereby predisposing to
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rapid GE. In patients with dumping after gastric surgery, rapid GE of nutrients into the small
intestine evokes the release, hence greater plasma concentrations, of hormones (eg,
glucagon-like peptide [GLP-1], gastrin inhibitory peptide [GIP], catecholamines, and
peptide YY [PYY]), which among other effects, activate neurohumoral feedback
mechanisms (eg, the ileal brake) that delay gastrointestinal transit.(2) We postulated these
differences in the underlying mechanisms and consequences of rapid GE among patients are
manifest as phenotypes among patients with rapid GE, such as patients who have rapid GE
only at 1 hour, only at 2 hours, or at 1 and 2 hours after a meal.(23) Hence, the aims of this
study were to 1) compare the clinical features and disturbances of small intestinal and
colonic transit between patients with normal GE and rapid GE, and 2) among patients who
had rapid GE at 1 hour only, 2 hours only, and at 1 and 2 hours, and 3) to compare the
factors associated with rapid and normal GE in DM patients with gastrointestinal symptoms.

Materials and Methods

Setting and identification of patients

This study was approved by the Institutional Review Board at Mayo Clinic. Between
January 2013 and October 2017, gastric emptying was evaluated with scintigraphy in 4076
patients aged 18 years or older at Mayo Clinic, Rochester, MN. After excluding 6 patients
who did not authorize review of their medical records for research, the diagnoses and
surgical procedures were extracted from the electronic database using established methods
in all 4070 patients.(24) Because our objectives were to identify phenotypes among patients
who have rapid GE due to disordered gastrointestinal functions, patients with major
gastrointestinal operations, anatomical abnormalities, intestinal obstruction or
pseudoobstruction, or severe systemic diseases were excluded from this study. Hence, we
excluded 480 patients who had a major gastrointestinal operation [ie, colonic resection (n =
98), gastrostomy (n = 85), ileostomy (n = 77), colostomy (n = 65), intestinal resection (n =
48), gastrectomy (n = 32), esophagectomy (n=1), fundoplication (n = 43), gastric band
surgery (n=2) and Roux-En Y gastric bypass (n = 29)], 23 patients who had intestinal
disease [ie, malrotation (n = 18), intestinal obstruction (n = 4) or intestinal
pseudoobstruction (n = 1)], 372 who had a severe systemic condition [ie, ongoing
malignancy (n = 281), history of liver, kidney or lung transplant (n = 46), chronic pulmonary
disease with tracheostomy (n = 24), or carcinoid syndrome (n = 21)] and 397 patients in
whom the results of GE at both 1 and 2 hours were not available. Of the remaining 2798
patients, 2075 (74%) had normal, 512 (18%) had delayed, and 211 (8%) had rapid GE. Since
we sought to identify differences between patients with normal and rapid GE and among
patients different patterns of rapid GE, 2286 patients with normal or rapid GE were studied
further.

Scintigraphy

Antiemetic and opioid medications were discontinued for four half-lives before the study.
After an overnight fast, GE was assessed with scintigraphy using a 300-kcal mixed meal
containing 9™ Tc-sulphur colloid labelled eggs.(23, 25) Anterior and posterior images were
acquired with a dual-head gamma camera, at 1, 2 and 4 hours. The upper limits of normal
GE are 4-31% in women and 5-40% in men at one hour and 25-71% in women and 28-82%
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in men at two hours. To ensure a rigorous diagnosis, GE was considered rapid when it was
more than 5% above the upper limit of normal; 89 patients with GE less than 5% above the
upper limits of normal were considered to have normal GE. Patients with rapid GE were
categorized into three groups: rapid GE at 1 hour only (rapid GE1), rapid GE at 2 hours only
(rapid GE2) and rapid GE at 1 and 2 hours (rapid GE12) (Figure 1). In 2267 of 2286 patients
(99%), small intestinal transit was also evaluated with a surrogate marker (ie, colonic filling
at 6 hours [%]).

Colonic transit was also evaluated with 111In-labelled charcoal pellets contained in a capsule
that had a pH-sensitive methacrylate coating which disintegrates in the alkaline terminal
ileum.(26) After quantifying the 111In counts in the ascending, transverse, descending, and
the rectosigmoid colon on the image at 24 hours, the weighted average of counts was
summarized as the geometric center at 24 hours (GC24), which was evaluated in 1859 of
2286 patients (81%) with normal or rapid GE.

Assessment of gastrointestinal symptoms and associated conditions

Among the 2286 patients with normal or rapid GE, the conditions that are recognized to be
associated with rapid GE (eg, diabetes mellitus, celiac disease, autonomic neuropathy), other
gastrointestinal conditions (eg, inflammatory bowel disease), and medications were
documented from the electronic database.(6, 7) Thereafter, the records of all 211 patients
with rapid GE and 179 patients with DM were reviewed by SK to characterize the
gastrointestinal symptoms and the characteristics of DM. Of these 211 patients, 207 (98%)
had been evaluated by a gastroenterologist. In patients with multiple upper gastrointestinal
symptoms, the principal indication was assigned using the following hierarchy ie, dyspepsia,
nausea and/or vomiting, and other symptoms (ie, gastroesophageal reflux, atypical chest
pain, and weight loss). For /ower gastrointestinal symptoms, the hierarchy was constipation,
diarrhea, chronic abdominal pain without bowel disturbances, and abdominal bloating.
Peripheral neuropathy was identified by an abnormal physical examination (ie, diminished
or absent knee or ankle reflexes or reduced sensation for touch, vibration or pinprick) or by
an abnormal electromyography.(6) Nephropathy was defined by one or more abnormalities,
ie, moderately increased albuminuria (ie, albumin excretion between 30 - 300 mg/day or 30 -
300 mg/g of creatinine in a random urine sample, markedly increased albuminuria (albumin
excretion greater than 300 mg/day or greater than 300 mg/g of creatinine in a random urine
sample), renal insufficiency with a GFR < 60 ml/min/1.73m?2 (27) or an established prior
diagnosis. A retinopathy was defined by a fundoscopic examination at our institution or an
established prior diagnosis. Coronary artery disease was identified based on angiographic
evidence of coronary artery blockage or history of angioplasty or a history of myocardial
infarction.

Statistical analysis

The univariate associations between symptoms and categories defined by GE parameters (ie,
rapid GE1, GE2, and rapid GE12) were analyzed with Fischer’s exact test for categorical
variables and Kruskal-Wallis rank test for continuous variables. The correlations among
continuous variables were compared with Spearman’s correlation coefficient. Pvalue of less
than 0.05 was considered significant. The data are expressed as numbers (percentages). A
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polychotomous multiple variable logistic regression model was used to identify factors
independently associated with rapid versus normal GE in DM. Odds ratios are reported with
95% confidence intervals computed from the model. The predicted probabilities from this
multiple predictor variable model were used to construct receiver operating characteristic
(ROC) curves which illustrate the sensitivity and specificity of demographic, clinical
features and therapy for discriminating normal from rapid GE in DM patients. All analyses
used JMP software (JMP Pro, Version 14.1.0 SAS Institute Inc., version 9.4, Cary, NC).

Baseline Demographics

In this cohort, 2075 patients had normal and 211 had rapid GE. Among patients with rapid
GE, 102 (48%) had rapid GE1 only, 36 (17%) had rapid GE2 only, and 73 (35%) had rapid
GE12 (Figure 1). In each group, approximately 75-85% of patients were women and
approximately 40% were overweight or obese (Table 1). The distribution of age, sex and
BMI was not significantly different among these groups. The BMI was not correlated with
gastric emptying at 1 (r=0.10, P=.13), at 2 hours (r=0.03, P=.70) or 4 hours (r=—0.06,
P=0.42).

Small intestinal and colonic transit

Small bowel transit was not significantly different between patients with normal and rapid
GE and among the GE categories (Table 2). However, a greater proportion of patients with
normal GE had delayed colonic transit. The GE at 1, 2 and 4 hours was weakly correlated
with colonic filling at 6 hours (Spearman correlation coefficients were respectively 0.10,
0.15, 0.13, P=.0001), and with GC24 (r=0.14, r=0.16, r=0.13, ~£=.001). Delayed colonic
transit at 24 hours was observed in a greater proportion (£<.05) of patients with normal GE
than rapid GE (Table 2). The small bowel transit was correlated with colonic transit at 24
hours (r=0.28, P=.0001). Compared to non-constipated patients, constipated patients were
more likely (P<.05)to have delayed colon transit.

Gastrointestinal symptoms

Among all 211 patients with rapid GE, more patients (ie, 113 [54%]) had upper and lower
gastrointestinal symptoms than isolated upper (36 patients [17%]), or lower (59 patients,
[28%]) gastrointestinal symptoms (£<0.001 Fisher’s exact test); 2 had abdominal wall pain
and 1 had bulimia with constipation (Figure 2).

Likewise, within each category of rapid GE (ie, GE1, GE2, and GE12), the proportion of
patients with upper and lower Gl symptoms was greater than the proportion of patients with
only upper or only lower Gl symptoms (P<0.05, Fisher’s exact test) (Figure 2).

Among patients with rapid GE, 58% had constipation . The proportion of patients with
constipation, alone or in combination with upper GI symptoms, was associated (P<.05) with
the pattern of rapid GE and greater in patients who had rapid GE 2 (26 patients [72%]) or
rapid GE12 (49 patients [67%]) than rapid GE 1 (48 patients [47%]) . The proportion of
patients with any lower GI symptom, with or without upper GI symptoms, was also
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associated (P<.05) with the category of rapid GE (ie, 65 patients [89%] with rapid GE12),
31 patients [86%] with GE2), and 76 patients [74%] with rapid GE1). By contrast, the
proportion of patients who had isolated upper GI symptoms was not significantly different
among rapid GE groups. Of 211 patients with rapid GE, 31 (15%) patients reported a greater
than 10 pound weight loss in the last 12 months.

Associated conditions

Medications

Among 211 patients with rapid GE, only 42 (20%) had other conditions that are known to be
or possibly associated with rapid GE ie, diabetes mellitus (27 patients [13%]), autonomic
dysfunctions (14 patients [7%]) or celiac disease (6 patients [3%]). Another 17 patients (8%)
had Crohn’s disease and/or ulcerative colitis (3 patients), neurological diseases (ie,
myasthenia gravis (1 patient), peripheral neuropathy (12 patients), scleroderma and/or
Sjogren’s syndrome (3 patients). (Table 1) Sixty nine (33%) had anxiety and/or depression,
41 (19%) had a cholecystectomy, and 9 (4%) had hypothyroidism.

Forty seven patients (22%) with rapid GE were taking proton pump inhibitors (39 patients
[18%]) and/or H2 receptor antagonists (10 [5%] patients). Among these, 25 (12%) patients
had rapid GE1, 6 (3%) patients had rapid GE2 and 16 (8%) patients had rapid GE12.
Seventy five patients (36%) were taking other medications, including selective serotonin
reuptake inhibitors (SSRI) (34 patients, 16%), other antidepressants (ie, mirtazapine,
vilazodone, vortioxetine, bupropion, buspirone and trazodone) (17 patients, 8%), selective
norepinephrine reuptake inhibitors (SNRI) (13 patients, 6%), tricyclic antidepressants (13
patients, 6%), and calcium channel blockers (7 patients, 3%). Opioids (79 patients, 37%)
and antiemetic drugs (59 patients, 28%) were discontinued before the GE study. Only seven
patients reported concurrent marijuana use.

Diabetes mellitus

Among DM patients, the distribution of patients with normal (152 patients, [85%]) or rapid
(27 patients, [15%]) GE was not associated with age, sex, BMI, or the type or duration of
DM (Table 3). Approximately one-third of patients each with normal and rapid GE had type
1DM.

All patients with DM had one or more gastrointestinal symptom. In the univariate analysis,
diarrhea was more common (/<.05) in patients with rapid GE while weight loss was
associated with normal GE (Table 4). Additionally, presence of both upper and lower Gl
symptoms was associated with rapid GE.

Of 179 patients, 121 (68%) had one or more extra intestinal complications of DM (ie,
retinopathy, nephropathy or neuropathy). The presence of any extra-intestinal complications
and the number of extra-intestinal complications in each patient were not significantly
associated with rapid GE (Table 4). Of the 58 patients who did not have extraintestinal
complications, 10 had rapid and 48 had normal GE. The glycosylated hemoglobin was
checked in 9 of the 10 patients with rapid GE and it was normal in 4 patients. Overall,
glycosylated hemoglobin was abnormal in 91 of the 179 (ie, 51%) patients and was not
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significantly associated with the pattern of GE. Univariate analysis revealed a significant
association between insulin therapy and the pattern of GE (P<.05). Specifically, 89 (59%)
patients with normal versus 9 (33%) patients with rapid GE were treated with insulin alone.

In the multivariable analysis of risk factors associated with GE disturbances, weight loss and
insulin therapy alone were associated with a lower risk of rapid compared to normal GE
(Table 5). The logistic regression model containing multiple variables had an area under the
ROC curve of 0.74 for differentiating rapid from normal GE. (Figure 3) This suggests that at
a specificity of 60%, clinical features and therapy were 74% sensitive for differentiating
between rapid and normal GE.

Discussion

In this large cohort of 2798 patients, 8% had rapid GE. Although we used more stringent
criteria to define rapid GE and excluded patients who had prior gastric surgery, this
proportion is comparable to the prevalence (ie, 10% of 750 patients, 9% of 545 patients and
9% of 2907 patients) in earlier reports that included patients who had gastric surgery.(3, 10,
28) In another study, 28% of 642 patients undergoing scintigraphy had rapid GE, perhaps
because a less stringent criterion was used to define rapid GE (ie, gastric half-emptying time
less than 70 minutes).(29)

Nearly one-third of patients with rapid GE1 had nausea and/or vomiting, perhaps because
rapid delivery of nutrients distends and stimulates chemoreceptors in the duodenum. Bowel
disturbances were also common; 26% of all patients with rapid GE had diarrhea. Among
DM patients, diarrhea was associated with rapid GE by univariate but not multivariate
analysis. In a previous study, 25 of 60 patients (40%) with non-organic diarrhea had rapid
GE.(4) Patients with rapid small intestinal and/or colonic transit may benefit from treatment
with muscarinic cholinergic or serotonin 5-HT3 receptor antagonists.(30-32)

While rapid gastrointestinal transit is associated with diarrhea,(33, 34), the correlations
between GE1 and GE2 and CF6 and between CF6 and colonic transit in this study were
significant but weak, perhaps partly because the exaggerated delivery of nutrients from the
stomach to the small intestine activates the ileal brake, which is mediated by neurchumoral
mechanisms.(21, 35) By contrast, two thirds of all patients reported constipation, which was
associated with rapid GE2 and slow colon transit. One possible explanation is that rapid GE
is associated with exaggerated release of humoral mediators of the ileal brake (ie, GLP-1,
PYY, NPY, leptin, amylin), which may also delay colonic transit.(21, 36-40)

Only 20% of patients with rapid GE had conditions (ie, autonomic neuropathy or POTS,
diabetes mellitus, celiac disease) that have been associated with rapid GE.(5-7) Among
patients with an autonomic neuropathy or POTS, gastric emptying is more likely to be rapid
than delayed.(5, 7) Approximately one in five patients with diabetes mellitus and
gastrointestinal symptoms have rapid GE.(6, 41) Among patients who undergo assessment
of GE and accommodation, this proportion was 37%.(11) Obesity was associated with rapid
GE in asymptomatic individuals but not so in this study.(42, 43) By contrast to this study,
those studies only included asymptomatic people; one study also excluded patients with
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systemic disorders, anxiety or depression. Conceivably, the weight loss associated with
upper Gl symptoms also attenuated the association between obesity and rapid GE in this
study. While we did not evaluate temporal trends, this observation argues against the
hypothesis that the obesity epidemic contributes to rapid GE. Thus, over 70% of patients had
idiopathic rapid GE, assuming that their medications did not predispose to the condition.
Conceivably, impaired duodeno-gastric feedback mechanisms, related perhaps to single
nucleotide polymorphisms that are associated with impaired GLP-1 receptor functions may
partly explain faster GE in some patients.(22)

Thirty six percent of all patients and 35 % of patients who did not have an underlying
explanation for rapid GE or an organic gastrointestinal or neurological disease were taking
medications that affect gastrointestinal motility. While opioids and antiemetic agents were
discontinued before the study, other drugs (eg, SSRIs, tricyclic agents) were not.
Administration of SSRIs at doses that are generally used in clinical practice (ie, buspirone
[10 mg twice daily], venlafaxine [75 mg daily], and paroxetine [20 mg daily] did not affect
GE in healthy people.(44) Neither amitriptyline (50 mg/day) nor escitalopram (10 mg/day)
affected GE in patients with functional dyspepsia.(45) A higher dose of citalopram (ie, a
single dose of 20 mg given intravenously) accelerated GE of solids in healthy people.(46) In
this cohort, 13 patients (7%) with rapid GE were taking a SSRI at an oral dose of 40 mg or
greater (ie, citalopram, escitalopram, sertraline and fluoxetine) and 3 (1%) patients were
taking a SNRI (ie, venlafaxine and desvenlafaxine) at a dose of 75 mg or greater. The
histamine-2 receptor antagonists increase gastric antral motor activity but delayed GE in
humans.(47) Conceivably, these medications may predispose to rapid GE.

Fifteen percent of DM patients in this cohort had rapid GE. Allowing for the more stringent
threshold for defining rapid GE, this prevalence, among 179 patients, is comparable to the
corresponding prevalence of 22% in our previous study of all 129 patients who had
scintigraphy between 2002 and 2006.(6) Similar to that study, two thirds of DM patients
with rapid GE in this study had type 2 DM, for an average duration of 11 years. Nearly two
thirds of patients with rapid GE had one or more extra-intestinal complication of DM.
Reaffirming earlier observations, in this study (i) weight loss was associated with a lower
risk of rapid versus normal GE,(6) (ii) the phenotype (ie, type of DM, prevalence of
complications) did not discriminate between patients with normal and rapid GE,(10, 11, 48)
and (iii) insulin therapy was associated with a lower risk of rapid (versus normal GE).(6)
Insulin reverses the reduced expression of neuronal nitric oxide synthase (nNOS), which
should improve gastric accommodation and gastric emptying, in diabetic mice.(12-15)
Conceptually, reduced gastric accommodation predisposes to rapid GE. By increasing
nitrergic neurotransmission, insulin therapy may preserve gastric accommodation, hence
reduce the risk of rapid GE. Our understanding of the pathogenesis of rapid GE in DM is
limited. To speculate, similar to a mouse model of type 2 DM (ie, obese, hyperglycemic,
hyperinsulinemic female Lepr 9/d5 mice), perhaps hyperglycemia increases the interstitial
cells of Cajal and thereby accelerates GE.(49)

This was a large cohort of consecutively studied patients in whom GE was evaluated with
standardized techniques. Nonetheless, there were limitations. The assessment of symptoms
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by physicians was not standardized. Non-gastrointestinal symptoms of rapid GE (eg,
flushing, palpitations, and light-headedness) were not evaluated.

To conclude, 8% of patients in this large cohort had rapid GE. Patients with rapid GE were
more likely to have upper and lower gastrointestinal symptoms than isolated upper or lower
gastrointestinal symptoms. Among patients with rapid GE, 58% had constipation, which was
more common in patients with rapid GE 2 (72%) than rapid GE 1 (47%) or rapid GE12
hours (67%). Rapid GE was observed in 15% of DM patients, of whom two thirds had type
2 DM, and nearly two thirds had extra-intestinal complications of DM. Compared to patients
with normal GE, insulin therapy and weight loss were associated with a lower risk of rapid
GE but the phenotype of DM was not. These studies should compare the pathogenic
mechanisms (eg, gastric contractility and neurohumoral duodenogastric feedback
mechanisms) among the GE phenotypes.
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GE gastric emptying

POTS postural orthostatic tachycardia syndrome
CCK cholecystokinin

GLP-1 glucagon like peptide-1

GE1l gastric emptying at 1 hour

GE2 gastric emptying at 2 hours

GE12 gastric emptying at 1 and 2 hours

GC24 colonic transit geometric center at 24 hours
PYY peptide YY

CF6 colonic filling at 6 hours
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GE1 GE2 GE4 GE1 GE2 GE4
A 49% 85% 100% B 31% 77% 100%
(5-40%) (28-82%)(77-100%) (4-31%) (25-71%) (76-100%)

GE1 GE2 GE4 GE1 GE2 GE4
@ 43% 87% 98% D 17% 47% 92%
(4-31%)  (25-71%) (76-100%) (4-31%) (25-71%) (76-100%)

Figure 1. Scintigraphy results for different categories.
Panel A (fop lef?) shows a patient with rapid gastric emptying at 1 hour only, panel B (fop

right) with rapid gastric emptying at 2 hours only, panel C (/ower left) with rapid gastric
emptying at 1 and 2 hours, and panel D (boftom righf) with normal gastric emptying at 1 and
2 hours. GE1, 2, and 4 denote gastric emptying at 1, 2, and 4 hours. The numbers in
parentheses represent the sex-matched normal values.
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® Functional dyspepsia

@ Nausea and/or vomiting

O Reflux/heartburn/atypical chest pain

@ Constipation and/or diarrhea
OAbdominal pain or bloating

@ Functional dyspepsia with constipation

and/or diarrhea

O Nausea and/or vomiting with constipation
and/or diarrhea

O Other upper and lower symptom

Upper Lower Upper & combinations

*
60% -
*
50% *
- .
30%
20%
10%
0%
Upper Lower Upper & Upper Lower Upper &
Lower Lower Lower

Symptoms in rapid GE1 Symptoms in rapid GE2

Symptoms in rapid GE12

Figure 2. Distribution of gastrointestinal symptoms among patients with rapid gastric emptying
at 1 hour, at 2 hours, and at 1 and 2 hours.

Vertical bars in each group represent isolated upper gastrointestinal, isolated lower
gastrointestinal and both upper and lower gastrointestinal symptoms respectively. Colours in
each bar represents the individual symptoms or symptom combinations. *P<0.05 within

each group
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0.2 - —Rapid vs normal GE (0.74)

0O 01 02 03 04 05 06 07 08 09 1
1-Specificity

Figure 3. Receiver operating characteristic curve demonstrating the utility of clinical features
and insulin therapy to differentiate DM patients with rapid and normal gastric emptying.

At a specificity of 60%, the clinical features and insulin therapy were 74% sensitive for
differentiating between rapid and normal GE.
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Multiple variable analysis of risk factors for rapid gastric emptying among patients with
DM

Variable

Rapid vs. normal (Odds Ratio — 95% CI)

Insulin therapy alone

0.36 (0.15, 0.88)

Weight loss

0.10 (0.0, 0.78)

Diarrhea

2.03 (0.84, 4.89)
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