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ABSTRACT

Gastroparesis (Gp) is a delay in gastric emptying in the absence of a mechanical obstruction and has the capacity to cause symptoms that
significantly impact a patient’s quality of life. Dietary interventions are the first-line treatment in Gp, but the efficacy of different diets is unclear.
This systematic review seeks to determine the effectiveness of dietary interventions on clinical outcomes in Gp. A literature search of MEDLINE
Ovid from 1 March 2008 to 1 October 2021 was conducted to identify randomized controlled trials, cohort studies, and cross-sectional studies that
reported dietary interventions in Gp. From the initial search, 2789 studies resulted. These were assessed by 2 independent reviewers and selected
based on the primary outcomes of interest: changes in symptom-specific patient-reported outcomes and changes in gastric emptying time. A third
reviewer resolved any discrepancies. Six adult studies (185 subjects) met the inclusion criteria, whereas no pediatric study did. Five of the included
studies were randomized controlled trials and one was an observational study. The systematic review suggested low-fat diets, small-particle diets,
diets with isoflavones, and foods considered bland, starchy, sweet, and salty did not exacerbate Gp symptoms. Small-particle diets and diets with
isoflavones were found to improve gastric emptying time in patients. Additionally, small-particle diets were shown to reduce anxiety in comparison
to large-particle diets. Of the randomized controlled trials, 80% were low risk of bias and 20% were fair risk of bias. The observational study was
considered fair quality. The data presented in this review suggest specific dietary interventions could potentially improve Gp symptoms and gastric
emptying in adult patients, particularly low-fat and small-particle diets. For pediatric Gp, data are lacking. The limited data available highlights a
critical gap in the literature. Adv Nutr 2022;13:1715–1724.

Statement of Significance: This systematic review reports how certain dietary modifications affect symptoms and gastric emptying in
patients with gastroparesis to help guide management. Our findings highlight gaps in the knowledge that should be addressed in future
studies.
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Introduction
Gastroparesis (Gp) is a delay in gastric emptying of fluids
or solids in the absence of a mechanical obstruction
(1). Both adult and pediatric patients with Gp typically
develop symptoms, such as early satiety, anorexia, bloating,
abdominal pain, nausea, and vomiting (1). Depending on
the severity of symptoms, patients may develop significant
weight loss and nutritional deficiencies (1). In addition, Gp
can negatively affect other areas of one’s life; symptoms can
lead to significant financial and mental health burdens.

In adult patients with Gp, when patients reflect on
their quality of life using a validated questionnaire, their
scores are comparable to patients with chronic mental

health disorders and depression (2). Gp patients have more
difficulty managing daily activities and are more likely to
reach out for medical care or become hospitalized (2). When
evaluating personal financial burden, patients reported that
Gp reduced their annual income by 28.5% and 11% of
patients with Gp had to apply for disability (2). Adult Gp-
related hospitalizations accounted for millions of dollars and
over 900,000 hospital days between 1995 and 2004 (3). In
children, several studies have indicated that the number of
hospitalizations due to pediatric Gp increased by 130 per
year between 2004 and 2013 (4). These findings reflect the
significant burden Gp has on patients and the health care
system and the need for more research to improve outcomes.
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Although there are multiple potential treatment options
for Gp (e.g., prokinetic agents, botulinum toxin injections
into the pylorus, and gastric neurostimulation), none are
uniformly effective and may have significant side effects
(4). Currently, the recommended first-line treatment for
Gp for pediatric and adult patients is dietary intervention
(4). However, a systematic review of the efficacy of dietary
interventions is lacking. Hence, our goal was to conduct such
a review of the literature assessing the efficacy of dietary
interventions carried out in patients with Gp.

Methods
Data sources and searches
We conducted this systematic review following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (5). We created a search engine using
Medical Subject Heading (MeSH) terms including “diet,”
“diet therapy,” “feeding behavior,” and “gastroparesis.” A
medical librarian applied the initial search in Medline Ovid,
Embase, Cochrane, and Web of Science databases from
1 March 2008 to 1 October 2021. Equivalent keywords
and phrases also were searched for within-article titles,
abstracts, and keywords. Articles reviewed met the consensus
definition of Gp published by the American Neurogastroen-
terology and Motility Society (6).

Study selection
Gp was diagnosed by either gastric emptying scintigraphy,

breath test, or based on clinical symptoms and an upper
gastrointestinal endoscopy to exclude obstruction. Studies
on dietary interventions in patients with Gp evaluating
their effect on symptoms, quality of life, and rate of gastric
emptying were included. The settings included hospitals,
clinics, and nursing facilities. The types of studies included
interventional studies (blinded or not) and observational
studies.

Exclusion criteria included non–English-language stud-
ies, animal studies, abstracts, patients with a history of
gastrointestinal comorbidities including inflammatory bowel
disease, celiac disease, eosinophilic esophagitis, history of
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malignancy, history of ileal resection, and patients exclusively
on total parenteral nutrition.

Using the Covidence™ web-based software, 2 independent
reviewers (DE and TS) screened each reference collected by
the librarian from the initial search (7). The initial screen
reviewed the titles and abstracts only, and the article then was
categorized as “eligible,” “maybe eligible,” or “not eligible.” Of
those considered “eligible” by both independent reviewers,
the full texts were examined further to determine final article
selection. A third reviewer (RJS) resolved any discrepancies
during any of the phases of the article selection.

Study outcomes, data extraction, data synthesis, quality
assessment
Within Covidence™, the 2 independent reviewers extracted
the outcomes of interest—namely, gastric emptying time,
general health outcomes (including psychosocial health
outcomes and quality of life), change in Gp symptoms, and
number of hospitalizations/length of stay. Gastric emptying
time was measured via gastric scintigraphy or breath test. For
studies in adults, general health and quality-of-life outcomes
were measured by the Hospital Anxiety and Depression
Scale (HADS) and the 36-item Short-Form Health Survey
(SF-36). The HADS questionnaire is an effective screening
tool for assessing anxiety and depression in patients in
nonpsychiatric clinical settings (8). The SF-36 has been
tested in primary care settings as well as other patient
populations and is a valid tool in examining general health
and differentiating groups with health differences (9). While
the HADS examines depression and anxiety, the SF-36
focuses on the perception of physical and mental health (10).
Gp symptoms were measured by surveys such as the Patient
Assessment of Upper Gastrointestinal Symptoms (PAGI-
SYM) score or the more focused Gastroparesis Cardinal
Symptom Index (GCSI) score. Both scoring systems have
been validated in identifying and monitoring the dynamic
changes in symptoms of adult patients with Gp as well as
other functional gastrointestinal disorders (11, 12). Other
surveys used included the Food Tolerance and Aversion
Survey, which has not been validated in the literature but
was developed by gastroenterologists, diabetic educators, and
nutritionists to gain a better understanding of patient diet
and diet-related symptoms (13).

Two independent reviewers (DE and TS) determined
the risk of bias per the Risk-of-Bias 2 tool for randomized
controlled trials and the Risk Of Bias In Non-Randomized
Studies of Interventions tool for nonrandomized studies,
which are both described in the Cochrane Handbook for
Systematic Reviews of Interventions (14). The tools categorize
the risk of bias as “low risk,” “fair risk,” and “high risk”
regarding each specific outcome analyzed.

Results
Overview of trials
The initial electronic search yielded 2789 studies. Of these
studies, only 6 adult studies (185 patients) met the eligibility
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criteria to be included in the systematic review (Table 1).
No pediatric study met the eligibility criteria. Given the
heterogeneity of the data (e.g., interventions and outcomes
assessed) among the various studies, we opted not to perform
a meta-analysis. The completed search is outlined in the
PRISMA flow diagram (Figure 1) (15).

Three of the included studies were conducted in the
United States, 2 were conducted in Sweden, and 1 study
was conducted in Iran. Most of the studies were funded by
institutional research councils and country-specific diabetes
associations. The patient demographic was largely women
(140 patients) in comparison to men (45 patients) and the
ages ranged from 18 to 70 y. The primary etiology of Gp was
diabetes (133 patients; 72%), whereas the remaining patients
had idiopathic Gp (45 patients; 24%). The remaining parti-
cipants in the cohort were healthy controls (7 patients; 4%).

Fifty-seven study participants (13, 16) were diagnosed
with Gp, defined as having gastric retention >60% at 2 h
or >10% at 4 h during gastric scintigraphy (6). Seventy
participants were diagnosed with Gp using gastric scintig-
raphy according to the published standards; however, in 2
studies, delayed gastric emptying was diagnosed if patients
had retention >66% at 2 h (0–44% for men, 9–66% for
women aged <40 y, 0–52% for women aged >40 y) (10, 17).
Ten study participants were diagnosed with Gp using the
13C-octanoic breath tests, defining delayed gastric emptying
as longer than 120 min (18). Forty-eight participants were
diagnosed with Gp by symptoms and endoscopy ruling out
mechanical obstruction (19).

Design
Five of the studies were randomized controlled trials (10,
16–19), of which 3 were crossover studies (16–18) and 2
were parallel-group designs (10, 19). One of the randomized
controlled trials was designed as a double-blinded trial (18)
and another study was designed as a triple-blinded trial
(blinding the participants, investigators, and the statisticians)
(19). The remaining 3 randomized controlled trials were
open-label (unblinded) due to the type of intervention used
(10, 16, 17). The 1 observational study consisted of a cross-
sectional study (13).

Interventions
The median duration of the interventions within the studies
was 22 d, with a range of 1 d to 140 d. Two of the
studies focused on altering the food consistency as the study
intervention, comparing large- with small-particle diets (17,
10). One study altered the food consistency as well as the fat
content in each meal (16). Two studies introduced dietary
products that contained natural ingredients found in legumes
and nuts (18, 19). One used Pistacia atlantica, which is a
species of pistachio tree that can be used for edible oils or
as gum (19). The other study used soy germ–enriched pasta
(18). The final included study did not alter the participants’
diets but requested that they recall the various foods they
regularly ate over 2 wk (13).

Gp-specific patient-reported outcomes
Of the 6 studies (Table 2), 5 (171 patients) focused on
assessing clinical symptoms associated with Gp based on
the patient’s current diet or the one being investigated. The
studies either used the PAGI-SYM or the GCSI. In the Homko
et al. study (16), 12 subjects (9 with diabetes-related Gp,
3 with idiopathic Gp) were given a high-fat solid meal,
high-fat liquid meal, low-fat solid meal, and low-fat liquid
meal in random order on 4 separate days. Patients were
monitored for 4 h after meal ingestion while completing the
PAGI-SYM every 15 min. The high-fat solid meal resulted
in the most significant increase in total symptom score
postprandially compared with the other meals tested. There
were no significant differences in total symptom scores
among the other meals, but the low-fat liquid meal resulted
in the numerically smallest increase in total symptoms
postprandially compared with the other meals (16).

Within the study by Homko et al. (16), when evaluating
specific symptoms, the high-fat solid meal was associated
with significantly greater symptoms of upper and lower
abdominal pain, chest discomfort, stomach fullness,
bloating, nausea, and the stomach becoming visibly larger
at 4 h postprandially compared with the other 3 meals. The
low-fat liquid meal was associated with a significantly lower
nausea score than the high-fat liquid meal or the low-fat
solid meal (16).

The study by Olausson et al. (10) recruited 56 patients with
diabetic Gp and randomly assigned them to receive dietary
advice to follow 1 of 3 diets: 2 that had a reduced particle size
but differed in the magnitude of the reduction (food already
processed into small particles vs. foods that can be easily
broken down into small particles) and a control diabetic
diet that contained normal-size particles. For all 3 diets, the
recommended fat content was 25–30% of total energy and the
recommended fiber content was 15 g/1000 kcal. The patients
were monitored over 20 wk and asked to complete the PAGI-
SYM at the baseline visit and again at the 20-wk mark. The
subjects following the small-particle diet showed significant
improvement in nausea/vomiting, fullness, bloating, lower
abdominal pain, and heartburn/regurgitation scores. In
contrast, subjects following the normal-size particle diet
showed no improvement in symptoms (10).

The study by Mahjoub et al. (19) recruited 48 patients
with diabetic Gp diagnosed clinically (using the GCSI
questionnaire as clinical criteria) and by upper endoscopy
to exclude mechanical obstruction; gastric emptying tests
were not performed. Patients were randomly assigned to P.
atlantica kurdica gum vs. placebo used twice daily for 1 mo.
Patients given the P. atlantica kurdica gum had significantly
greater improvement in total GCSI scores compared with
those treated with the placebo (19). Although there is
mention that some of the improvement was related to male
sex, the data are not provided to clarify the statement
further. Only 8 of the 48 patients were male (19). Given
the shortcomings of the study (e.g., lack of scintigraphic Gp
confirmation), interpretation of the results is hampered.

In a pilot study, Setchell et al. (18) and colleagues evaluated
the effect of soy germ pasta enriched in isoflavones compared
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TABLE 1 Summary of dietary intervention study designs1

First author, year (ref); country;
groups and age (y); number of
participants

Sample
size, n Study design Interventions/control Duration

Olausson et al., 2008 (17); Sweden;
diabetic Gp: 59 ± 9; 7 (3 M, 4 F);
healthy: 59 ± 9; 7 (3 M, 4 F)

All participants treated with cisapride
(stopped 1 wk prior to study)

14 Crossover
randomized trial

Diets provided:
Large-particle diet: slices of roast beef,

pasta boiled for 14 min, raw carrots,
and canola oil impregnated with
radiotracer

Small-particle diet: minced and baked
beef, pasta and carrots boiled and
mixed in a food processor with canola
oil impregnated with radiotracer

Meal composition: Both meals
contained 100 g meat, 40 g pasta,
150 g carrots, 5 g oil

Macronutrient content: Both meals were
375 kcal; contained 26 g protein, 13 g
fat (25–30% of total energy intake),
38 g carbohydrate, 4.8 g fiber

Energy intake: Both meals contained
375 kcal

Single meal ingested
7–14 d apart

Setchell et al., 2013 (18); USA; diabetic
Gp: 63 ± 2; 10 (5 M, 5 F)

10 Crossover
randomized
controlled trial

Diets provided:
Intervention: 80 g soy germ pasta

consumed once a day containing
31–33 mg of isoflavones

Control: 80 g conventional pasta
consumed once a day

8 wk per diet with a
4-wk washout in

between

Olausson et al., 2014 (10); Sweden;
intervention: 52 ± 12; 28; control:
55 ± 11; 28; total: 20 M, 36 F

56 Parallel
randomized
controlled trial

Dietary advice alone:
Intervention diet: foods with small

particle size or food items that could
easily be processed into small particle
size with a blender if needed (foods
with a size that could be mashed with
a fork)

Control diet: allowed foods with large
particle size and low glycemic index
that adhered to recommendations for
diabetic diet

Nutritional composition of the diets the
same: fat content reduced to 25–30%
of total energy and fiber content to
15 g/1000 kcal

20 wk

Homko et al., 2015 (16); USA;
idiopathic Gp: 44 ± 17; 9; diabetic
Gp: 44 ± 17; 3; total: 2 M, 10 F

12 Crossover
randomized trial

Diets provided:
Interventions (260 kcal each):
High-fat solid meal—2 medium eggs, 1

slice of toast, 4.2 g butter, 236.6 mL of
water (13 g fat)

Low-fat solid meal—118.3 mL
Eggbeaters® (Bob Evans Farms C©),1
slice toast, 6.3 g grape jelly, 236.6 mL
skim milk (1.5 g fat)

High-fat liquid meal—236.6 mL whole
milk, 85.1 g ice cream (13g fat)

Low-fat liquid meal—118.3 mL vanilla
Boost® (Nestle Global C©) and 236.6 mL
juice nectar (2 g fat)

Each meal on
separate days

Wytiaz et al., 2015 (13); USA;
idiopathic Gp: 41 ± 17; 39; diabetic
Gp: 41 ± 17; 6; total: 4 M, 41 F

45 Cross-sectional
study

Habitual diet:
Participants ate their usual diet

Not applicable;
participants

completed the
questionnaires once

Mahjoub et al., 2018 (19); Iran;
intervention: 53 ± 12; 24 (4 M, 20
F); control group: 49 ± 10; 24 (4
M, 20 F)

48 Parallel
randomized
controlled trial

Diets provided:
Intervention: Pistacia atlantica kardum

gum 2 g twice a day
Control: sugar-free chewing gum, twice

a day

1 mo

1Gp, gastroparesis; ref, reference.
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Records identified through 
database searching 

(Medline Ovid, Embase, 
Cochrane, Web of Science) 

(n = 2,850) 

Records after duplicates 
removed 

(n = 2,789) 

Full-text articles assessed for 
eligibility 
(n = 58) 

Studies included in qualitative 
synthesis 

(n = 6) 

Non-relevant records excluded 
during title/abstract screening 

(n = 2,731) 

Full-text articles excluded 
(n = 52) 

 
Reasons: 

 
• Not a full study (n = 24) 
• Review article (n = 8) 
• Wrong patient population (n = 5) 
• Wrong time period (n = 5) 
• Wrong outcomes (n = 3) 
• Non-English study (n = 2) 
• Wrong intervention (n = 1) 
• Wrong study design (n = 1) 
• Clinical trial, not a study (n = 1) 
• Duplication (n = 1) 
• No human subjects (n = 1) 

FIGURE 1 PRISMA flow diagram (15). PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

with conventional pasta in 10 patients with diabetic Gp in
a crossover study spanning 20 wk. Based on total GCSI
scores, there was a statistically significant improvement with
the soy germ pasta compared with the conventional pasta
(18).

In the study by Wytiaz et al. (13), the investigators sought
to identify and characterize foods provoking or alleviating
Gp symptoms assessed using the PAGI-SYM in 39 patients
with idiopathic and 6 with diabetic Gp. They used a survey
they developed for the study, which was not independently
validated (13). Foods that provoked symptoms were those
that were fatty, acidic, spicy, and roughage-based, whereas
foods that alleviated symptoms were those that were bland,
sweet, salty, and starchy (13).

Effect of dietary interventions on gastric emptying
outcomes
Two of the selected studies (24 patients) assessed gastric
emptying rates following dietary interventions (17, 18). The
study published by Olausson et al. (17) assessed gastric
emptying time on meals that differed only in their particle
size in a crossover study of diabetic Gp patients (n = 7) and
healthy patients (n = 7). In Gp patients, gastric emptying was

significantly faster through 180 min after the small-particle
meal compared with the large-particle meal (17). Emptying
was faster for the healthy subjects at 120 min with the small-
particle meal. Gastric retention tended to be greater for the
Gp patients than the healthy subjects following the small-
particle meal (P = 0.09) but was significantly worse than
healthy controls following the large-particle meal (P = 0.018)
(17).

The study by Setchell et al. (18) cited above also measured
gastric emptying time following the meal of soy germ
pasta enriched with isoflavones compared with conventional
pasta. Half-emptying time was statistically faster with the
isoflavone-enriched pasta than when consuming conven-
tional standard pasta (18).

General health scoring, psychosocial health, and
quality-of-life outcomes
Of the eligible Gp studies, the trial by Olausson and col-
leagues (10) examined the effect of the dietary interventions
on anxiety and depression using the HADS and quality of
life using the SF-36. They did not assess other aspects of
general health. The patients following a small-particle diet
had a reduction in anxiety symptoms compared with those
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TABLE 2 Assessed outcomes in the selected studies

First author, year (reference),
country Outcomes Outcomes assessment

Olausson et al., 2008 (17),
Sweden

• Gastric lag phase (the amount of time between
the patient finishing the meal and the stomach
emptying the food) and percent retention
measured by scintigraphy

• Changes in biochemical analysis (blood glucose
and insulin concentrations)

• After meal ingestion, gastric lag phase and
gastric retention measured every 2 min for up
to 180 min from the beginning of the meal

• Ingestion time corrected for individuals who
took longer to complete the meal

• Blood glucose and insulin collected at the time
of ingestion and every 15 min up to 180 min

Setchell et al., 2013 (18), USA • Gastric emptying time measured by
13C-octanoic acid breath test

• GCSI scores

• Gastric emptying time measured at baseline, 8
wk, 12 wk, and 20 wk

• GCSI measured at baseline, 8 wk, 12 wk, and 20
wk

Olausson et al., 2014 (10),
Sweden

• Gastric emptying measured by scintigraphy
• PAGI-SYM questionnaire to measure patient

symptoms
• HADS to evaluate anxiety and depression
• Quality of life measured by the SF-36
• Patients filled out a 4-d food diary at home after

training by dietitians
• Weight, height, and HbA1c

• Gastric retention at 2 h prior to study start and at
final visit

• PAGI-SYM, HADS, SF-36 completed at the initial
visit and before the final visit (20 wk)

• 4-d dietary record completed 3 d during the
week and 1 d on the weekend

• Body weight, height, and HbA1c measured at
study start and at final visit

Homko et al., 2015 (16), USA • PAGI-SYM questionnaire to measure patient
symptoms

• FFQ to evaluate nutritional intake
• Exercise habits questionnaire (Paffenbarger

survey) to measure activity level and number of
calories expended per week

• Body-composition measurement to determine
BMI, percent lean mass and fat mass

• Full PAGI-SYM, FFQ, and Paffenbarger survey
completed at baseline

• Body composition at baseline
• At subsequent visits weight measured prior to

intervention
• Before intervention, participants completed 2

abbreviated versions of the PAGI-SYM twice,
15 min apart

• Abbreviated PAGI-SYM given immediately after
completing test meal and completed every
15 min for 4 h

Wytiaz et al., 2015 (13), USA • Food Tolerance and Aversion Survey
• PAGI-SYM questionnaire to measure patient

symptoms
• Nutritional content and food quality reported

on the Food Tolerance and Aversion Survey
assessed using the USDA National Nutrient
Database

• PAGI-SYM assessed at the time the Food
Tolerance and Aversion Survey completed

• Nutritional analysis done after the Food
Tolerance and Aversion Survey completed

Mahjoub et al., (19), Iran • GCSI
• Biochemical analysis: complete blood count,

fasting blood sugar, HbA1c
• Systolic and diastolic blood pressure
• BMI

• Measured at baseline and 4 wk
• GCSI
• Biochemical analysis
• Blood pressure
• BMI

1GCSI, Gastroparesis Cardinal Symptom Index; HADS, Hospital Anxiety Depression Scale; HbA1c, glycated hemoglobin; PAGI-SYM, Patient Assessment of Upper Gastrointestinal
Symptoms; SF-36, 36-item Short-Form Survey.

following the large-particle diet but the change from baseline
to treatment was not different between groups. Depression
and quality of life remained unchanged in both groups and
there was no difference between the small-particle-diet and
the control-diet groups (10).

Risk of bias
Risk-of-bias assessments are summarized in Figure 2 (20).
Of the 5 randomized controlled trials, 4 (80%) were of good
quality with an overall low risk of bias and 1 study (20%)
was designated as fair (10). This latter study was identified
as fair because of the concern for attrition bias as many
subjects from the control group dropped out of the study

(11%) (10). Three of the randomized controlled trials did
not blind the participants or study personnel because the
interventions were changes in food consistency; however, the
risk of bias was low because it did not affect the interventions
given to the subjects as each subject received each of the
food consistencies during the study, nor did it affect the
guidance provided by the investigators conducting the study
(10, 16, 17). The 1 cross-sectional study was of fair quality
with an overall moderate risk of bias (13). Reasons that
the Wytiaz et al. (13) cross-sectional study was graded as
fair quality include concerns for incomplete outcome data,
bias in measuring outcomes, confounding factors, and recall
bias. Subjects who participated in this study were asked to
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FIGURE 2 Graded risk of bias for the selected studies (20). A, Random sequence generation (selection bias). B, Allocation concealment
(selection bias). C, Blinding of participants and personnel (performance bias). D, Blinding of participants and personnel in gastroparesis
symptom scores. E, Blinding of participants and personnel in gastric emptying rate. F, Blinding of outcome assessment (detection bias). G,
Blinding of outcome assessments in gastric emptying rate. H, Blinding of outcome assessments in gastroparesis symptom scores. I,
Incomplete outcome data (attrition bias). J, Incomplete outcome data on gastric emptying rate. K, Incomplete outcome data on
gastroparesis symptom scores. L, Incomplete outcome data on general health questionnaires. M, Selective reporting (reporting bias). N,
Measurement outcome. O, Carryover bias. P, Bias in classification of intervention. Q, Confounding. R, Bias in selecting study participants. S,
Bias due to deviation from intended intervention.

complete a survey regarding their dietary habits over the last
month; however, the survey was conducted either before or
after an appointment with the gastroenterologist, with some
previously being counseled on diets for Gp and others not
being counseled.

Discussion
We completed a systematic review to assess the literature in-
vestigating the efficacy of dietary interventions carried out in
patients with Gp to help identify which interventions might
be beneficial and potentially impact nutrition-management
recommendations. Our systematic review identified 6 studies
(185 patients) undergoing dietary interventions for Gp.
All patients were adults as no pediatric studies met the
inclusion criteria. Through this review, we found that dietary
modifications may improve Gp-related symptoms, improve
gastric emptying time, and possibly improve psychosocial
health, as reflected by anxiety.

Based on our review, a small-particle diet appears to
reduce Gp symptoms (10), likely, in part, because of a reduced
need for gastric accommodation, which is impaired in some
patients with Gp (21). In addition, a smaller-particle-size diet
may facilitate more rapid gastric emptying (21). Although
debate in the literature continues related to the correlation
between gastric retention and Gp symptoms, a recent meta-
analysis of studies that used optimal scintigraphic methods
to assess gastric emptying found an inverse relation between
gastric emptying rate and Gp symptoms; the faster the
stomach is able to empty gastric content, the less severe the
Gp symptoms (22).

Lowering the fat content of the diets also appeared to
be associated with improvement in Gp symptoms. Dietary

addition of lipids may slow the rate of gastric emptying
through physiologic mechanisms such as the ileal brake
mechanism, leading to early satiety (23). A negative feedback
loop occurs when lipids reach the ileum, causing an increased
production of the hormones glucagon-like peptide 1 (GLP-
1) and peptide YY (PYY) from the L cells of the ileum (23).
These hormones decrease gastric acid, bile acid, and pancre-
atic enzyme secretion; decrease intestinal contractions; and
increase pyloric sphincter pressure, resulting in slowing of
gastric emptying (23). However, foods that are considered
starchy, sweet, and bland also appeared beneficial (13). It
is unclear why patients seemed to respond better to these
foods, as, like lipids, carbohydrates also are associated with
physiologic responses, including the ileal brake mechanism,
increasing GLP-1 and PYY, and slowing of gastric emptying
(24, 25). Although this association is not as strong as
with lipids, one would anticipate complex carbohydrates
to cause symptoms similar to lipids. More research in
this area investigating other possibilities, such as different
chemosensitivity responses to lipids compared with other
macronutrients, is needed.

There was some preliminary evidence that food additives
like P. atlantica and soy germ isoflavones may improve
symptoms in patients with Gp (18, 19). Pistacia atlantica
has been used in Iran and other Middle Eastern countries
for several years as gum or oils ingested in meals to
treat gastrointestinal symptoms such as stomach aches and
dyspepsia (26). The mechanism by which it improves these
symptoms is unknown; however, studies suggest that com-
ponents within P. atlantica such as d-limonene may improve
peristalsis, whereas components such as ɑ-pinene may have
anti-inflammatory properties (27, 28). Whether improved
peristalsis, addressing inflammation, or other mechanisms
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related to P. atlantica are playing a role remains to be
determined.

Likewise, there are limited data evaluating the potential
benefit of soy germ isoflavone in Gp. In mouse studies,
soy isoflavones have been shown to have anti-inflammatory
properties that affect monocytes, granulocytes, and lym-
phocytes (29). Additionally, flavonoids such as genistein,
quercetin, myricetin, and epigallocatechin promote intestinal
barrier function, enhancing the function of tight junctions
(30). Gp pathophysiology has been associated with increased
inflammation (both systemic and within gastric tissue).
Although it remains to be proven, by reducing inflammation
in gastric tissue, gastric emptying may improve, potentially
contributing to symptom improvement (31, 32). More
research with larger cohorts assessing the effects of soy
isoflavones in humans with Gp is needed to assess the
potential utility of this dietary additive and its mode of action.

There are no available published data that explains how
soy isoflavones improve gastric emptying in humans, only
speculation that soy isoflavones may alter genes affecting
prostaglandin synthesis, which can affect motility (18).
This speculation is in contrast to mouse models evaluating
genistein, a soy isoflavone, which was found to block
interstitial cells of Cajal pacemaker activity in the colon and
other isoflavones having relaxant effects on gastrointestinal
musculature (30). More research evaluating the role of
soy isoflavones in gastric emptying is important to better
understand its mechanism and whether it should be used as
a treatment for Gp.

Additionally, the association between improvement in
gastric emptying time and improvement in upper gastroin-
testinal symptoms remains controversial. Previous studies
have been unable to find a significant correlation between
improved gastrointestinal symptoms and gastric emptying
rate (33, 34), whereas other studies have shown varying
positive correlations between the severity of nausea and
vomiting and loss of appetite and the degree of delay in gastric
emptying (35, 36). As noted above, a recent meta-analysis
suggests that discrepancy among studies lies in the use of less
than optimal scintigraphic gastric emptying studies (22).

There are some limitations to this study. None of the
studies assessed certain clinical outcomes on the treatments,
such as readmissions, hospitalizations, and length of stay. A
complicating factor to assessing such data is that hospitaliza-
tions may be complicated by comorbid conditions contribut-
ing to rates of admission, length of stay, and readmission.
Bielefeldt (37) reported that length of stay was 1 d longer
with Gp as a secondary diagnosis than with Gp as a primary
diagnosis. Shahsavari et al. (38) found that readmission for
Gp was associated with longer initial inpatient stay. Whether
dietary interventions as identified in this systematic review
may lead to decreases in hospitalizations or length of stay
remains to be determined. Future studies should examine
the impact of dietary interventions on these measures and
the clinical course of Gp. Another issue is that there was
a wide variety of interventions, making comparisons across
studies difficult. As a result, combining data across studies for

statistical analysis was not possible. That said, some common
general principles, such as low-fat and/or small-particle diets
improving Gp symptoms, were found across articles. Most
studies were small, and this combined with incomplete data
due to drop-out affected the rigor of the data and limited
our ability to perform a meta-analysis. Some studies used
unvalidated surveys, which was a limitation but still provided
insight into assessing Gp symptom outcomes. Biases noted in
certain studies reviewed were a limitation, as some studies
were open-label, which may have led to bias in patient-
reported outcomes, and other studies required subjects to
recount their symptoms and diets within extended periods of
time, which may have led to recall bias. Finally, not all studies
documented Gp using the recommended 4-h scintigraphic
study.

Unfortunately, despite our intent to include pediatric
studies, none met the inclusion criteria. The lack of studies
prospectively examining nutritional treatment in children
with Gp has been noted in a recent review of Gp in children
(39). The most common etiologies of Gp in children are
idiopathic, medications, and postsurgical, while, for adults,
the most common etiologies are diabetes and idiopathic (40).
These differences in etiology between children and adults
may affect patient response to treatment and highlight the
importance of having data from pediatric studies. A study
measuring symptoms in children during gastric emptying
scintigraphy highlights the fact that children with Gp develop
meal-related symptoms. Febo-Rodriguez et al. (41) showed
that nausea after the scintigraphic meal correlated with the
percentage retention at 4 h in children with Gp. Symptoms
overall were worse in females (41). Preterm infants are
known to have delayed gastric emptying and a propensity
for feeding intolerance (42). Older studies have shown that
the use of medium-chain triglycerides in place of long-
chain triglycerides and glucose polymers substituted for
glucose can accelerate gastric emptying in this population
(43). In another study of preterm infants, a hydrolyzed
protein formula (539 mOsm/L) emptied more slowly than
an intact protein formula (211 mOsm/L); however, the
difference in emptying rate related to the protein compared
with osmolality could not be determined from this study (44).
Whether these studies in preterm infants are relevant to older
children with Gp needs to be determined.

Our review has several strengths. We followed the
recommended strategy for carrying out systematic reviews
(including the use of PRISMA and Covidence™) (7, 15). The
review used the assistance of an expert librarian trained in the
initial search methodology. The potentially included studies
were reviewed by 2 investigators with a third used to resolve
any conflicts. In addition, almost all of the studies had a low
risk of bias.

In conclusion, this review highlights the effectiveness
of dietary modifications on symptomatic and physiologic
improvement in adult patients with Gp. The literature is
limited but some data-based recommendations can be made,
particularly related to small-particle-size and low-fat dietary
interventions.
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