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ABSTRACT

Kiwifruit have known positive effects on digestion. During clinical intervention trials using kiwifruit to improve constipation, upper gastrointestinal
(GI) symptoms such as abdominal discomfort and pain, indigestion, and reflux were also alleviated. We aimed to evaluate the evidence for upper
GI symptom relief by kiwifruit in clinical trials on participants with functional constipation (FC), irritable bowel syndrome with constipation (IBS-C),
and healthy participants, and to elucidate which symptoms may be relieved and whether a difference exists between the effects of gold and green
kiwifruit. We executed a systematic scoping review of 3 electronic databases from 1947 through January 2021 to identify clinical trials that reported
effects of green or gold kiwifruit or kiwifruit compounds on upper GI symptoms as secondary outcomes in healthy participants or participants with
FC or IBS-C. Studies were divided into those using the Gastrointestinal Symptom Rating Scale (GSRS) and those using alternative measurement
tools. GSRS outcomes were pooled and statistically analyzed; non-GSRS outcomes were summarized. We identified 12 clinical trials with a total of
661 participants (124 controls, 537 receiving intervention) providing evidence for symptom relief of upper GI symptoms by kiwifruit intake. Only 5
of the 12 clinical trials used the GSRS to assess upper GI symptom relief. We found good evidence that green kiwifruit may reduce abdominal
discomfort and pain, and some evidence that kiwifruit consumption may attenuate indigestion. Pooled GSRS outcome analysis indicates an average
reduction of –0.85 (95% CI: –1.1, –0.57; Z = 6.1) in abdominal pain scores and –0.33 (95% CI: –0.52, –0.15; Z = –3.5) in indigestion scores with habitual
kiwifruit consumption. While the number of studies reporting on upper GI symptom relief with a comparable measurement is limited, there is
consistent evidence for the efficacy of kiwifruit on upper GI symptom relief. More research to strengthen the evidence is recommended. Adv Nutr
2022;13:846–856.

Statement of Significance: This is the first review showing evidence that habitual consumption of kiwifruit may improve upper
gastrointestinal symptoms such as abdominal pain and dyspepsia.
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Introduction
Rationale
For many years, the green kiwifruit Actinidia deliciosa
(cultivar Hayward) and the gold kiwifruit Actinidia chinensis
(cultivar Zesy002) have been extensively studied for their
positive effects on physical and mental health (1–3). Both
cultivars are nutrient-rich and contain high amounts of
vitamin C, dietary fiber, folate, potassium, and antioxidants
(4–6). In addition, both cultivars possess the proteolytic

enzyme actinidin (7) at similar concentrations, albeit the
activity differs (8). The proteolytic activity of green kiwifruit
actinidin is 8 times higher than that of Zesy002 (8). The
now-extinct gold kiwifruit cultivar Hort16 does not possess
actinidin activity. Actinidin may provide antimicrobial pro-
tection to the plant (9) and is able to enhance digestion of
beef, dairy, and wheat (10–12). Actinidin is also implicated
to accelerate gastric emptying (13, 14) and it is theorized
it may modulate pain reception and anti-inflammatory
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responses of the gut through protease-activated receptors
(15).

The major focus of clinical studies has been the positive
effects of kiwifruit on digestive health and comfort, specif-
ically on symptoms of constipation (15). Kiwifruit increase
bowel movement frequency (3, 16–20), reduce straining (16–
18, 21), improve stool consistency (16–18, 22–25) without
negative side effects (16, 18, 26), and are preferred by study
participants with constipation (25).

Constipation refers to the definition of 2 common,
chronic, separate, albeit frequently overlapping, functional
gastrointestinal (GI) disorders (FGIDs)—namely, functional
constipation (FC) and irritable bowel syndrome with consti-
pation (IBS-C) (27). The main difference between FC and
IBS-C is the presence of abdominal pain (27) in the latter.
Although the pathogenesis of pain is poorly understood, it
may involve visceral hypersensitivity to normal physiological
stimuli, such as distension (28). Another common symptom
of FC as well as IBS-C is bloating (27, 29).

Both IBS-C and FC belong to the bowel cluster of FGIDs
(27). FGIDs can affect any part of the GI tract, but have no
significant structural, mucosal, or inflammatory component
(27, 30–34). They include disorders like functional chest
pain, functional heartburn, reflux hypersensitivity, func-
tional dyspepsia, functional dysphagia, functional diarrhea
and diarrhea-predominant irritable bowel syndrome (IBS),
belching disorders, as well as FC and IBS-C, among others
(27, 30, 32–34). FGIDs are common; in a global study on
FGID prevalence from 2020, up to 40.7% of the population
could be diagnosed with an FGID (35). FGIDs are more
common in women, and can arise at any age (35). They
are associated with psychological comorbidity, encompassing
mainly anxiety and depression (34, 36–38), lower quality of
life (39, 40), and increased health care utilization and seeking
for both primary and specialist care (35, 41).

There is wide overlap between FC and IBS-C (42).
In addition, bowel disorders may overlap with functional
gastroduodenal disorders (27, 34, 35). This overlap includes
pathophysiological mechanisms such as visceral hypersen-
sitivity to physiological stimuli (33) as well as symptom
patterns including bloating (33, 43) and belching (33). This
overlap also means that many patients can be diagnosed
with more than 1 FGID (43, 44). The most well-described
association is between functional dyspepsia and IBS (43, 45).

Interestingly, kiwifruit were described as a treatment
for dyspepsia in an early Chinese pharmacopeia from the
Tang Dynasty (6). Furthermore, in some clinical trials
using kiwifruit for constipation management, positive effects
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on upper GI symptoms such as dyspepsia were regularly
reported (16–18, 23).

However, it is uncertain which upper GI symptoms may
be relieved by kiwifruit intake, if there is a difference in the
observed effects between green and gold kiwifruit, and if
the quality of the existing evidence is adequate to support
a recommendation for kiwifruit to help manage upper GI
symptoms.

Objectives
The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines characterize the
synthesis of evidence and assessment of the scope on a topic
as a scoping review. Therefore, we conducted a systematic
scoping review to gain an overview of all studies that used
whole kiwifruit, freeze-dried kiwifruit supplements, and
kiwifruit extracts as interventions in relation to digestion or
digestive health and reported upper GI symptom relief as
secondary outcomes in healthy participants or participants
with FC or IBS-C, and to determine the extent and the quality
of evidence supporting effects on upper GI symptoms. We
aimed to answer the question, What evidence is already avail-
able concerning the improvement in upper GI symptoms
following consumption of green or gold kiwifruit?

Methods
Protocol and registration
This systematic scoping review was performed adhering
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses for Scoping Reviews (PRISMA-ScR)
guidelines. A protocol for the systematic scoping review
has been registered with the Center for Open Science (doi:
10.17605/OSF.IO/CQZNA).

Selection criteria
For the systematic scoping review, we included clinical
trials on GI effects of green or gold kiwifruit or kiwifruit
compounds that also reported on upper GI symptoms as sec-
ondary outcomes in healthy participants or participants with
FC or IBS-C. Published peer-reviewed journal manuscripts
and unpublished reports were included if they were written
in English, German, or Spanish. We excluded reviews,
papers reporting on other types of kiwifruit, uncharacterized
extracts or fruit mixtures, and studies covering allergic-type
reactions.

Information sources
We searched PubMed to 21 January, 2021, Ovid Embase®
from 1947 to 21 January, 2021, and Ovid MEDLINE® (includ-
ing Epub Ahead of Print, In-Process & Other Non-Indexed
Citations, Daily and Versions) from 1946 to 22 January,
2021 for identification of relevant studies. Supplementary
studies were determined by scanning relevant reviews, and
unpublished reports were identified through discussions
with key individuals and provided by the funder, Zespri®
International Ltd.
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FIGURE 1 Study selection flowchart. GI, gastrointestinal.

Search and selection of sources
Search items included “Kiwifruit” AND “Digestion” OR
“Intestinal” OR “Intestine” OR “GI” OR “Gastrointestinal
tract” OR “Gut” OR “Bowel” OR “Functional colonic disease”
OR “Constipation” OR “Irritable bowel syndrome” OR “IBS”
OR “Irritable colon.” The search was conducted by the
primary author, who also reviewed the titles and abstracts of
all journal papers to exclude manuscripts outside of the stated
selection criteria. Full texts of the remaining studies were
assessed to establish whether inclusion criteria were met and
whether the relevant information in the studies was suitable
for the systematic scoping review. When relevant conference
abstracts were identified, the corresponding author and/or
the funder (Zespri® International Ltd.) were contacted with
a request for missing data.

All 85 of the identified full-text studies were screened and
evaluated by the primary author for this review.

Data charting and information assessment
A data charting form was developed by the primary
author. The variables encompassed author, year, country,
title, design/type of study, interventions used, intervention
duration, aims, number of participants in each group and
gender distribution, the methods used, definition used for
IBS and FC determination, details of primary and secondary
outcomes, and, when relevant, conclusion.

Synthesis of results
Studies reporting on upper GI secondary outcomes were di-
vided into those using the Gastrointestinal Symptom Rating
Scale (GSRS) and those that used alternative measurement
tools. We summarized the upper GI non-GSRS outcomes
along with the method used to determine the outcome. GSRS

outcomes that are reported on in this review are total GRSR
score and the relevant domains abdominal pain, indigestion,
and reflux.

Statistical analysis
The estimation for the changes in the GSRS domains and
totals were extracted from the published and unpublished
reports. Pooled estimates were derived from these aggregate
summaries using a random-effects model for each of the
interventions and control groups. Those estimates were
compared using a Z test and 95% CIs calculated for the
differences using Microsoft Excel® (Microsoft Corporation)
and IBM SPSS® Statistics version 25 (IBM Corporation) and
were used for analysis.

Results
Selection of sources of evidence
We identified 234 relevant records on kiwifruit, and assessed
85 articles for eligibility and relevance. As a result, we
included 13 manuscripts on 12 studies (n = 661 participants;
154 controls and 507 with constipation symptoms) reporting
on upper GI effects of kiwifruit (16–18, 21–26, 46–53). A
flowchart showing study selection is shown in Figure 1.

Characteristics and quality of sources
The baseline characteristics of the used studies for the
scoping review section are presented in Table 1. Four studies
used powdered kiwifruit supplements as the intervention, 5
used the green kiwifruit cultivar “Hayward,” and 3 studies
used gold kiwifruit. The intervention dosage ranged from
2 kiwifruit/d in 5 studies to 3 kiwifruit/d in 3 studies. The
intervention time ranged from 1 to 28 d. Of the studies,
3 were parallel design, 1 was an open-label design, and 8
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were crossover designs. Seven trials were conducted in New
Zealand, 2 in Spain, 2 in the United States, and 1 study in Italy,
Japan, and China, respectively.

Of 661 participants, a total of 537 received interventions:
131 received supplement capsules and 406 received kiwifruit,
of whom 126 participants received gold kiwifruit and 280
received green kiwifruit. The total number of participants
per study ranged from 10 to 184, with 472 participants
being female, which accounts for 77.9% of participants; 1
study did not report on participant gender (26). Two studies
were conducted in healthy participants only; 6 studies had
no control group. In 1 study only individuals with IBS-C
participated, in 3 studies the participants had IBS-C and
FC, and in 6 studies the participants were characterized as
FC. Four trials did not use the Rome criteria to characterize
participants, 7 trials used Rome III criteria, and 1 trial used
Rome IV criteria.

An increase in bowel movement frequency was the most
common primary outcome (9 studies); in 1 study the primary
outcome was changes in inflammatory cytokines, in 1 study
the primary outcomes included increased gastric-emptying
rate and reduced small bowel transit time, and in 1 study
the primary outcome was intestinal gas transit. Seven studies
used nonvalidated tools or additional questions to the bowel
movement survey to determine additional GI outcomes, and
4 used validated tools (see Table 2). The validated tools
included the GSRS (n = 5) (54), the Birmingham IBS Survey
(n = 2) (55), the Visual Analog Scale for IBS (VAS-IBS;
n = 1) (56), the Patient Reported Outcome Information
System GI symptom domains (n = 1) (57), and the Structured
Assessment of GastroIntestinal Symptoms (SAGIS; n = 1)
(58).

Abdominal discomfort and pain
Seven clinical trials reported a significant reduction in
abdominal discomfort or pain posttreatment with kiwifruit
and kiwifruit supplements as interventions, of which 6 trials
had no healthy participants as controls. Three clinical trials
omitted the use of control substances; 4 trials used psyllium
as a positive control, of which 1 added prunes as an additional
control. Five trials opted for negative controls (placebo), of
which 1 used the gold kiwifruit variety “Hort16,” which does
not contain actinidin. Two trials used kiwifruit supplements
and reported a significant reduction in abdominal discomfort
in comparison to placebo [P ≤ 0.01 (26) and P ≤ 0.018
(24)], and 1 study comparing green kiwifruit with prunes and
psyllium noted the lowest dissatisfaction score with kiwifruit
(25) (P ≤ 0.02). The same study also showed a significant
lack of abdominal pain as an adverse event (P ≤ 0.05). All
3 studies focused on participants with FC only and had no
healthy control group (see Table 2 and Table 3 for details
on scores and Table 1 for information on participants).
One placebo-controlled clinical trial conducted with a
supplement reported both the absence of abdominal pain
in case and healthy control groups, as well as a significant
reduction in abdominal pain scores with the Birmingham
IBS survey (48) (P ≤ 0.004) posttreatment; however, the case

group comprised only 9 participants with FC, and there was
no statistical difference between the interventions. Another
study also reported the absence of abdominal pain in healthy
controls consuming 2 green kiwifruit/d alongside a low-
flatulogenic diet (22). This trial was compared with the low-
flatulogenic diet only with no placebo for the kiwifruit. In a
Spanish trial (21) in participants with FC (n = 46; no healthy
controls, no positive or negative control), which used 3 green
kiwifruit/d, a reduction in abdominal pain was observed but
did not reach significance (P ≥ 0.052).

In a large international multicenter study (16), with
psyllium as the positive control intervention, with a mixed
case group (FC and IBS-C) and a healthy control group,
the consumption of 2 green kiwifruit/d was associated with
a significant reduction in GSRS abdominal pain scores in
both the IBS-C group (P ≤ 0.024) and the FC+IBS-C group
(P ≤ 0.027) postintervention. In the FC+IBS-C group, the
difference in GSRS abdominal pain score between kiwifruit
and the positive control reached significance (P ≥ 0.083).
One trial (23) compared consumption of 2 enzymatically
active gold kiwifruit with or without the skin per day in IBS-
C (no healthy control group, no placebo) and reported a
significant reduction in abdominal pain with the ingestion of
kiwifruit flesh and kiwifruit skin with both the Birmingham
IBS survey (P ≤ 0.004) and the GSRS (P ≤ 0.036) when
compared with kiwifruit flesh only. An increase in the dosage
of enzymatically active gold kiwifruit to 3 per day (17)
(without the skin) significantly reduced abdominal pain in a
combined FC+IBS-C group posttreatment (P ≤ 0.05), while
psyllium did not (P > 0.05). The absence of an effect of
2 enzymatically active gold kiwifruit per day (flesh only)
on abdominal pain both in comparison to psyllium and
posttreatment was confirmed in a third study (18).

Abdominal bloating and distension
Only 1 of the trials using kiwifruit supplements reported on
abdominal bloating (24): there was a significant reduction in
abdominal bloating after the intervention (P ≤ 0.003 after
week 2, P ≤ 0.002 after week 3, and P ≤ 0.004 after week
4 compared with baseline). With green kiwifruit, healthy
participants assessed for gas transit ingesting 2 kiwifruit/d
alongside a low-flatulogenic diet showed no difference in
abdominal distension compared with the group ingesting the
low-flatulogenic diet alone (22). When healthy controls were
supplemented acutely with green kiwifruit after ingestion of
250 g beef muscle protein, abdominal bloating was reported
as being significantly less compared with the control group
who ingested the enzymatically inactive gold kiwifruit variety
Hort16A (49) (P ≤ 0.005 and P ≤ 0.028, using 2 different
methods). A study using 3 green kiwifruit/d (21) showed a
significant reduction in bloating and swelling (P ≤ 0.001)
posttreatment. The studies with enzymatically active gold
kiwifruit did not report any effect on abdominal bloating or
distension.
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TABLE 2 Reported outcomes with kiwifruit interventions on upper gastrointestinal symptoms other than GSRS1

First author (ref) Method Reported outcome

Weir (26) Abdominal discomfort score based on Rome III
(4-point Likert-like scale rating based on intensity
of tenesmus, abdominal discomfort, bloating,
flatulence, and abdominal pain)

With kiwifruit product, abdominal discomfort scale was
significantly reduced during the dosing phase (P ≤ 0.01)
to near normal, retained during follow-up phase of 7 d

Ansell (47), Eady (48) Questions about bloating, flatulence, and abdominal
pain in addition to bowel frequency and laxative
use; Birmingham IBS survey (in unpublished report
only)

In the healthy cohort, abdominal pain was not different
from baseline (0.04 Actazin low vs. –0.01 Actazin high vs.
0 Gold).

In the case cohort, abdominal pain was also not
significantly altered (–0.01 Actazin low vs. –0.02 Actazin
high vs. –0.06 Gold).

In the Actazin high group, participants reported increased
flatulence as adverse effects. With the Birmingham IBS
survey, abdominal pain was significantly reduced in the
case cohort (P ≤ 0.004)

Udani (24) Questions about abdominal bloating, abdominal
discomfort or pain, flatulence, satisfaction with
bowel movements, and burping in addition to
bowel frequency

With kiwifruit product, abdominal discomfort or pain was
significantly reduced at week 4 (P ≤ 0.018) in comparison
to placebo. After 2 wk, reduction in abdominal bloating
reached significance (no image or table presented,
P ≤ 0.003). Flatulence was significantly lower with
kiwifruit product than with placebo at weeks 2 and 3
(P ≤ 0.047 and P ≤ 0.023, respectively)

Caballero (22) Measurement of rectal gas evacuation, abdominal
perception, abdominal distension; questions about
abdominal bloating, abdominal discomfort or pain,
flatulence, satisfaction with bowel movements,
and burping in addition to bowel frequency

Kiwifruit was well tolerated and induced no abdominal
pain. There was no difference in gas evacuation or
abdominal distension between the groups

Wallace (49) Gastric and small bowel transit time assessed by
SmartPill™

Changes in subjective feelings of satiety, assessed by
VAS

Changes in subjective feelings of gastric comfort,
assessed by questionnaire

There was no difference in gastric or small bowel transit
time between the interventions.
There were no differences in subjective feelings of satiety.

Bloating was significantly reduced with green kiwifruit
(P ≤ 0.005 and P ≤ 0.028)

Chey (25) Treatment satisfaction (yes/no) and adverse events
assessment

Adverse events were “least common with kiwifruit”:
abdominal pain was not reported with kiwifruit (P ≤ 0.05).

Lowest dissatisfaction score with kiwifruit (P ≤ 0.02)
Cunillera (21) Questionnaire which included some questions about

satisfaction with bowel habits
Significant reduction in bloating and swelling (P ≤ 0.001).
Changes in stomachache did not reach threshold

(P ≥ 0.052)
Eady (23) Birmingham IBS Questionnaire In IBS, kiwifruit with skin reduced abdominal pain

significantly (P ≤ 0.0055)
Bayer (18) PROMIS, SAGIS In all groups and with both interventions, PROMIS disrupted

swallowing scores improved significantly (P ≤ 0.036), as
well as SAGIS epigastric symptom scores (P ≤ 0.003) and
SAGIS acid regurgitation and gas scores (P ≤ 0.001). There
was no difference between the interventions reported

1GSRS, Gastrointestinal Symptoms Rating Scale; IBS, irritable bowel syndrome; PROMIS, Patient-Reported Outcome Measurement Information System; ref, reference; SAGIS,
Structured Assessment of Gastrointestinal Symptoms; VAS, visual analog scale.

Disrupted swallowing and reflux
A recent, still unpublished trial from New Zealand (18) using
2 enzymatically active gold kiwifruit per day as the interven-
tion in participants with FC and IBS-C showed significant
improvement in Patient-Reported Outcome Measurement
Information System (PROMIS) disrupted swallowing scores
(P ≤ 0.036) and in SAGIS acid regurgitation and gas
scores (P ≤ 0.001) posttreatment. However, there were no
significant differences between kiwifruit and the positive
control for the same scores. The SAGIS acid regurgitation
and gas score includes items on belching, acid burping, and

disrupted swallowing. The same study could not demonstrate
a reduction in GSRS reflux scores.

However, a still unpublished international multicenter
study (16) using 2 green kiwifruit/d was able to show a
significant improvement in the GSRS reflux domain in the
IBS-C group and the combined FC+IBS-C group alike
(P ≤ 0.013 and P ≤ 0.002) posttreatment; in the FC group,
the posttreatment improvement did not reach significance
(P ≥ 0.051). The difference in GSRS reflux scores between
the green kiwifruit intervention and the positive control was
not significant.
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Dyspepsia
Only 3 studies reported on dyspeptic symptoms. The
international multicenter study on 2 green kiwifruit/d (16)
demonstrated a significant reduction in indigestion as mea-
sured by the GSRS in all participant groups posttreatment
(control: P ≤ 0.028; FC: P ≤ 0.017; IBS-C: P ≤ 0.002; and
combined FC+IBS-C: P ≤ 0.001). The difference between the
interventions was significant in the FC group (P ≤ 0.043) and
in the combined group (P ≤ 0.005) for the GSRS indigestion
score.

Similarly, the trial using 3 enzymatically active gold
kiwifruit/d noted a significant improvement in the GSRS
indigestion score (P ≤ 0.002) posttreatment in the combined
FC+IBS-C group, which was significantly different when
compared with the positive control (P ≤ 0.05 posttreatment,
P ≤ 0.025 in comparison between interventions). The
study that used 2 enzymatically active gold kiwifruit/d (18)
showed a significant reduction in the same score in all
groups in comparison to baseline values (P ≤ 0.008), while
the difference between the intervention and the positive
control did not reach significance (P ≥ 0.056). In addition,
SAGIS epigastric symptom scores also significantly improved
(P ≤ 0.003) posttreatment in this study, but there was no
difference between the treatments. The SAGIS epigastric
symptom score includes items on postprandial and epigastric
pain, fullness, early satiety, abdominal cramps, retrosternal
discomfort, and bloating—all symptoms of dyspepsia (34).

Synthesis of results
In summary, there is some, although sparse, evidence that
both kiwifruit varieties as well as kiwifruit supplements
positively affect upper GI health, as shown in Figure 2
and Table 4. While the studies reported improvements in
symptoms postintervention, these effects are of limited value.
In the dyspepsia domain, this evidence is limited to just a few
studies, but these studies are of high quality. There is some
evidence that the habitual consumption of both kiwifruit
varieties improves symptoms of dyspepsia. Statistically, the
pooled effect on indigestion is significant (Z value ≤ –3.492;
Figure 2, Table 3). In the case of abdominal discomfort and
pain, the evidence is of good quality, especially for green
kiwifruit; therefore, habitual intake of 2 green kiwifruit/d
may be able to reduce abdominal discomfort or pain related
to IBS-C. This is confirmed statistically, with the mean
pooled difference between cases and controls reaching a Z
value of –6.12 (Table 3). Interestingly, enzymatically active
gold kiwifruit seem to be able to reduce abdominal pain and
discomfort in a similar way if the skin is consumed as well, or
the daily dose is increased to 3 gold kiwifruit. For abdominal
distension and bloating, the evidence is limited to 2 of
the studies conducted acutely (1 d) in healthy participants
(n = 20), or for the habitual intake of 3 kiwifruit for 3 wk, in
a good-quality study. As a result, that green kiwifruit are able
to promote digestion and reduce abdominal distension and
bloating when ingested after a meal may be a valid claim, but
the prolonged improvement in abdominal bloating and dis-
tension through habitual intake over longer periods cannot

FIGURE 2 The effect of habitual kiwifruit consumption on pooled
mean Likert-score differences of total GSRS reflux, abdominal pain,
and indigestion domains. Scores are pooled arithmetic mean
differences of cases (n = 197) − pooled arithmetic mean
differences of controls (n = 115); error bars are 95% CIs (Table 3).
Asterisks indicate statistical significance, Z value ≤ –3. Scores are
based on 15 items using Likert scores. Domain scores can range
from 1 to 7, with higher scores representing higher levels of
discomfort. A reduction in scores indicates symptom
improvement. GSRS, Gastrointestinal Symptom Rating Scale.

be completely ascertained yet due to a lack of evidence. There
is no evidence that enzymatically active gold kiwifruit have a
similar effect, neither with acute nor habitual consumption.

Discussion
Summary of evidence
In this scoping review, we identified 12 clinical trials that
addressed symptom relief of upper GI symptoms through
kiwifruit or kiwifruit supplement intake, published (and
unpublished) between 1946 and January 2021. The results
provide evidence for upper GI symptom relief by kiwifruit
intake, but also a lack of research focused on kiwifruit
and upper GI symptom relief, a paucity of common trial
protocols, as well as limited use of standardized, validated
patient-reported outcome tools. We found that, across the
5 trials using standardized outcome tools, there is robust
evidence that kiwifruit intake has a positive influence on
abdominal pain and dyspepsia, which may be either dose
dependent or dependent on the type of kiwifruit that is
ingested. Overall, included studies support the notion that
kiwifruit intake has positive effects on upper GI symptoms,
but details remain unclear.
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TABLE 4 Summary of evidence found in support of kiwifruit and kiwifruit supplements benefitting upper gastrointestinal symptoms1

Evidence in support of an effect on

Abdominal discomfort
and pain

Abdominal distension
and bloating

Disrupted swallowing
and reflux Indigestion/dyspepsia

Supplements
Studies, n 3 1 0 0
Quality Low Medium N/A N/A
Evidence Uncertain Medium None None

Green kiwifruit
Studies, n 3 3 1 1
Quality Medium–high Medium High High
Evidence Good Medium Good Good

Gold kiwifruit
Studies, n 2 0 1 2
Quality Medium N/A Medium High
Evidence Low None Low Good

Summary Good evidence for green,
seemingly dose

dependent for gold

Medium evidence for
green in acute setting,
medium for habitual

intake, and absent for gold

Evidence is limited for
both varieties, needs to be

expanded

Evidence is of high quality
but limited number of

studies, needs to be
expanded

1N/A, not available.

Limitations
This scoping review has some limitations. The research
strategy was developed by the primary author and not
peer-reviewed. In addition, the primary author was the
sole reviewer of the identified reports, which may have
introduced bias to this review and affected the data-charting
process and the critical evaluation of the quality of the
identified reports.

Another severe limitation of this review is the scarcity
of standardized protocols in many studies, common in
studies on GI health (4). The trial phases vary in length,
participant groups are often not well defined, or use different
methods to characterize their cohorts. The participant
numbers are often small, and the clinical measurement tools
are often not validated, or not comparable, or are altered
or designed by the researchers themselves. This makes it
difficult to compare and to evaluate the quality of these
reports. Further, the upper GI symptoms were unexpected
outcomes, and therefore standardization was not possible as
such. In addition, the number of included studies using a
similar outcome measurement tool was very limited, which
made it necessary to pool the data. This will have likely
affected the statistical validity of the reported GRSR domain
outcomes.

Another difficulty for comparison of studies is the variety
of placebos used, which included positive controls such as
prunes and psyllium (16–18, 25), negative controls such as
glucose (59) or maltodextrin (60), the absence of a control
(22), and comparable products based on the gold kiwifruit
variety Hort16 (47, 49, 61, 62). In these cases, the hypotheses
of the studies need to be taken into account, such as digestion
of protein by actinidin, or alterations of gut flora by increased
intake of easily fermentable sugars and fibers. However,
since the main research interest of this study lies in the
influence of habitual kiwifruit consumption on upper GI

symptoms, and since two-thirds of the included studies had a
crossover design where the effects of kiwifruit consumption
were primarily compared with baseline, the possible effects
of placebos are negligible.

We also acknowledge that this review was focused primar-
ily on upper GI symptoms reported as secondary outcomes in
studies focused on constipation symptom relief. The majority
of the participants experienced upper GI symptoms in
addition to lower GI symptoms; this will negatively influence
the generalization of the results, since the participants had
more than 1 symptom.

Conclusions
Based on the review of 12 studies, we found that there is
consistent evidence that kiwifruit ingestion improves upper
GI symptoms. Specifically, the habitual ingestion of green or
gold kiwifruit may reduce abdominal pain and, to a lesser
degree, symptoms of dyspepsia.

To further define the effects of kiwifruit ingestion on
upper GI health and symptom relief, more research is
needed. Clinical trials need to be standardized, with well-
defined cohorts, medium to large populations, and using
validated surveys focused on upper GI symptom relief. The
inclusion of a cohort with symptoms of dyspepsia would be
recommended, or a large systems-biology study observing
all aspects of the microbiota-gut-brain axis after kiwifruit
intake.
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thesis]. Manawatū (New Zealand): Massey University; 2016.

9. Nieuwenhuizen NJ, Maddumage R, Tsang GK, Fraser LG, Cooney
JM, De Silva HN, Green S, Richardson KA, Atkinson RG. Mapping,
complementation, and targets of the cysteine protease actinidin in
kiwifruit. Plant Physiol 2012;158(1):376–88.

10. Rutherfurd SM, Montoya CA, Zou ML, Moughan PJ, Drummond LN,
Boland MJ. Effect of actinidin from kiwifruit (Actinidia deliciosa cv.
Hayward) on the digestion of food proteins determined in the growing
rat. Food Chem 2011;129(4):1681–9.

11. Zhu X, Kaur L, Staincliffe M, Boland M. Actinidin pretreatment and
sous vide cooking of beef brisket: effects on meat microstructure, texture
and in vitro protein digestibility. Meat Sci 2018;145:256–65.

12. Jayawardana IA, Boland MJ, Higgs K, Zou M, Loo T, McNabb WC,
Montoya CA. The kiwifruit enzyme actinidin enhances the hydrolysis of
gluten proteins during simulated gastrointestinal digestion. Food Chem
2021;341(Pt 1):128239.

13. Montoya CA, Rutherfurd SM, Olson TD, Purba AS, Drummond
LN, Boland MJ, Moughan PJ. Actinidin from kiwifruit (Actinidia
deliciosa cv. Hayward) increases the digestion and rate of gastric
emptying of meat proteins in the growing pig. Br J Nutr 2014;111(6):
957–67.

14. Montoya CA, Hindmarsh JP, Gonzalez L, Boland MJ, Moughan PJ,
Rutherfurd SM. Dietary actinidin from kiwifruit (Actinidia deliciosa
cv. Hayward) increases gastric digestion and the gastric emptying
rate of several dietary proteins in growing rats. J Nutr 2014;144(4):
440–6.

15. Bayer SB, Gearry RB, Drummond LN. Putative mechanisms of kiwifruit
on maintenance of normal gastrointestinal function. Crit Rev Food Sci
Nutr 2018;58(14):2432–52.

16. Drummond L. Internal report: The effect of Zespri green kiwifruit
(Actinidia deliciosa var. Hayward) on gastrointestinal comfort and

function—a multi-country, randomised, single blind, controlled, cross-
over clinical intervention study. Mount Maunganui, New Zealand:
Zespri International Ltd.; 2020.

17. Eady SL, Wallace AJ, Butts CA, Hedderley D, Drummond L, Ansell J,
Gearry RB. The effect of ‘Zesy002’ kiwifruit (Actinidia chinensis var.
Chinensis) on gut health function: a randomised cross-over clinical
trial. J Nutr Sci 2019;8:e18.

18. Bayer SB, Heenan PE, Frampton C, Wall C, Drummond LN, Roy NC,
Gearry RB. Internal report: The Christchurch IBS Cohort to Investigate
Mechanisms for Gut Relief and Improved Transit - Psyllium and
Kiwifruit Translation study (COMFORT-PSYKI) . Mount Maunganui,
New Zealand: Zespri International Ltd.; 2021.

19. Chang CC, Lin YT, Lu YT, Liu YS, Liu JF. Kiwifruit improves bowel
function in patients with irritable bowel syndrome with constipation.
Asia Pac J Clin Nutr 2010;19(4):451–7.

20. Chan AO, Leung G, Tong T, Wong NY. Increasing dietary fiber intake
in terms of kiwifruit improves constipation in Chinese patients. World
J Gastroenterol 2007;13(35):4771–5.

21. Cunillera O, Almeda J, Mascort JJ, Basora J, Marzo-Castillejo M. Mejora
del estreñimiento funcional con la ingesta de kiwi en una población
mediterránea: estudio piloto abierto no randomizado. Revista Española
De Nutrición Humana y Dietética 2015;19(2):58–67.

22. Caballero N, Benslaiman B, Ansell J, Serra J. The effect of green kiwifruit
on gas transit and tolerance in healthy humans. Neurogastroenterol
Motil 2020;32(9):e13874.

23. Eady SL, Wallace AJ, Hedderley DI, Bentley-Hewitt KL, Butts CA.
The effects on immune function and digestive health of consuming
the skin and flesh of Zespri® Sungold kiwifruit (Actinidia chinensis
var. Chinensis ‘Zesy002’) in healthy and IBS-constipated individuals.
Nutrients 2020;12(5):1453.

24. Udani JK, Bloom DW. Effects of Kivia powder on gut health in patients
with occasional constipation: a randomized, double-blind, placebo-
controlled study. Nutr J 2013;12(1):78.

25. Chey SW, Chey WD, Jackson K, Eswaran S. Exploratory comparative
effectiveness trial of green kiwifruit, psyllium, or prunes in US
patients with chronic constipation. Am J Gastroenterol 2021;116(6):
1304–12.

26. Weir I, Shu Q, Wei N, Wei C, Zhu Y. Efficacy of actinidin-
containing kiwifruit extract Zyactinase on constipation: a randomised
double-blinded placebo-controlled clinical trial. Asia Pac J Clin Nutr
2018;27(3):564–71.

27. Mearin F, Lacy BE, Chang L, Chey WD, Lembo AJ, Simren M, Spiller
R. Bowel disorders. Gastroenterology 2016;150(6): 1393–407.

28. Major G, Pritchard S, Murray K, Alappadan JP, Hoad CL, Marciani L,
Gowland P, Spiller R. Colon hypersensitivity to distension, rather than
excessive gas production, produces carbohydrate-related symptoms
in individuals with irritable bowel syndrome. Gastroenterology
2017;152(1):124–33.e2.

29. Aziz I, Tornblom H, Palsson OS, Whitehead WE, Simren M. How the
change in IBS criteria from Rome III to Rome IV impacts on clinical
characteristics and key pathophysiological factors. Am J Gastroenterol
2018;113(7):1017–25.

30. Drossman DA. Functional gastrointestinal disorders: history,
pathophysiology, clinical features and Rome IV. Gastroenterology
2016(130):1377–90.

31. Barbara G, Feinle-Bisset C, Ghoshal UC, Quigley EM, Santos J, Vanner
S, Vergnolle N, Zoetendal EG. The intestinal microenvironment
and functional gastrointestinal disorders. Gastroenterology
2016;150(6):1305–18.e8.

32. Rao SS, Bharucha AE, Chiarioni G, Felt-Bersma R, Knowles C, Malcolm
A, Wald A. Functional anorectal disorders. Gastroenterology. Published
online 25 March 2016. doi: 10.1053/j.gastro.2016.02.009.

33. Aziz Q, Fass R, Gyawali CP, Miwa H, Pandolfino JE, Zerbib F.
Functional esophageal disorders. Gastroenterology 2016;150( 6):1368–
79.

34. Stanghellini V, Chan FK, Hasler WL, Malagelada JR, Suzuki H,
Tack J, Talley NJ. Gastroduodenal disorders. Gastroenterology
2016;150(6):1380–92.

Kiwifruit and upper GI symptom review 855



35. Sperber AD, Bangdiwala SI, Drossman DA, Ghoshal UC, Simren
M, Tack J, Whitehead WE, Dumitrascu DL, Fang X, Fukudo S,
et al. Worldwide prevalence and burden of functional gastrointestinal
disorders, results of Rome Foundation Global Study. Gastroenterology
2020;160( 1): 99–114.

36. Hillila MT, Siivola MT, Farkkila MA. Comorbidity and use of health-
care services among irritable bowel syndrome sufferers. Scand J
Gastroenterol 2007;42(7):799–806.

37. Koloski NA, Jones M, Kalantar J, Weltman M, Zaguirre J, Talley
NJ. The brain–gut pathway in functional gastrointestinal disorders
is bidirectional: a 12-year prospective population-based study. Gut
2012;61(9):1284–90.

38. Lee C, Doo E, Choi JM, Jang SH, Ryu HS, Lee JY, Oh JH, Park
JH, Kim YS; Brain-Gut Axis Research Group of Korean Society of
Neurogastroenterology and Motility. The increased level of depression
and anxiety in irritable bowel syndrome patients compared with healthy
controls: systematic review and meta-analysis. J Neurogastroenterol
Motil 2017;23(3):349–62.

39. Koloski NA, Talley NJ, Boyce PM. The impact of functional
gastrointestinal disorders on quality of life. Am J Gastroenterol
2000;95(1):67–71.

40. Kaji M, Fujiwara Y, Shiba M, Kohata Y, Yamagami H, Tanigawa T,
Watanabe K, Watanabe T, Tominaga K, Arakawa T. Prevalence of
overlaps between GERD, FD and IBS and impact on health-related
quality of life. J Gastroenterol Hepatol 2010;25(6):1151–6.

41. Talley NJ. Functional gastrointestinal disorders as a public health
problem. Neurogastroenterol Motil 2008;20(Suppl 1):121–9.

42. Siah KT, Wong RK, Whitehead WE. Chronic constipation and
constipation-predominant IBS: separate and distinct disorders or
a spectrum of disease? Gastroenterol Hepatol (NY) 2016;12(3):
171–8.

43. Talley NJ, Dennis EH, Schettler-Duncan VA, Lacy BE, Olden KW,
Crowell MD. Overlapping upper and lower gastrointestinal symptoms
in irritable bowel syndrome patients with constipation or diarrhea. Am
J Gastroenterol 2003;98(11):2454–9.

44. Sperber AD, Dekel R. Irritable bowel syndrome and co-morbid
gastrointestinal and extra-gastrointestinal functional syndromes. J
Neurogastroenterol Motil 2010;16(2):113–19.

45. Ford AC, Marwaha A, Lim A, Moayyedi P. Systematic review and meta-
analysis of the prevalence of irritable bowel syndrome in individuals
with dyspepsia. Clin Gastroenterol Hepatol 2010;8(5):401–9.

46. Kindleysides S, Kuhn-Sherlock B, Yip W, Poppitt SD. Encapsulated
green kiwifruit extract: a randomised controlled trial investigating
alleviation of constipation in otherwise healthy adults. Asia Pac J Clin
Nutr 2015;24(3):421–9.

47. Ansell J, Butts CA, Paturi G, Eady SL, Wallace AJ, Hedderley D, Gearry
RB. Kiwifruit-derived supplements increase stool frequency in healthy
adults: a randomized, double-blind, placebo-controlled study. Nutr Res
2015;35(5):401–8.

48. Eady S, Wallace A, Hedderley D, Blatchford P, Herath T, Bentley-
Hewitt K, Stoklosinski H, Butts C, Paturi G, Ansell J, et al. Randomised
clinical trial to examine the effects of Actazin on general wellbeing, stool
frequency, and markers of digestive health. Palmerston North (New
Zealand): Plant & Food Research; 2014.

49. Wallace A, Eady S, Drummond L, Hedderley D, Ansell J, Gearry R. A
pilot randomized cross-over trial to examine the effect of kiwifruit on

satiety and measures of gastric comfort in healthy adult males. Nutrients
2017;9(7):639.

50. Barbara G, Fukudo S, Drummond L, Kuhn-Sherlock B, Ansell J,
Gearry R. Tu1644—Green kiwifruit compared to psyllium for the
relief of constipation and improving digestive comfort in patients with
functional constipation and constipation predominant irritable
bowel syndrome—analysis of three international trial centres.
Gastroenterology 2018;154(6):S979–80.

51. Cremon C, Ansell J, Pagano I, Kuhn-Sherlock B, Drummond L,
Barbaro MR, Capelli E, Bellacosa L, Stanghellini V, Barbara G.
Su1659—A randomized, controlled, single-blind, cross-over study
assessing the effect of green kiwifruit on digestive functions and
microbiota in constipated patients. Gastroenterology 2018;154(6):
S565–6.

52. Gearry R, Barbara G, Fukudo S, Ansell J, Eady SL, Wallace A,
Butts CA, Dinnan H, Kuhn-Sherlock B, Drummond L. The effect of
Zespritm green kiwifruit on constipation and abdominal discomfort: a
controlled randomized cross-over intervention study. Gastroenterology
2017;152(5):S917.

53. Okawa Y, Nakaya K, Muratsubaki T, Okamoto T, Fuda M, Endo
Y, Kano M, Kanazawa M, Nakaya N, Barbara G, et al. Tu1639—
Kiwifruit can reduce whole gut transit and symptoms in patients with
functional constipation and patients with irritable bowel syndrome with
constipation. Gastroenterology 2018;154(6):S977.

54. Svedlund J, Sjodin I, Dotevall G. GSRS—a clinical rating scale for
gastrointestinal symptoms in patients with irritable bowel syndrome
and peptic ulcer disease. Dig Dis Sci 1988;33(2):129–34.

55. Roalfe AK, Roberts LM, Wilson S. Evaluation of the Birmingham IBS
symptom questionnaire. BMC Gastroenterol 2008;8(1):30.

56. Bengtsson M, Persson J, Sjölund K, Ohlsson B. Further validation of the
visual analogue scale for irritable bowel syndrome after use in clinical
practice. Gastroenterol Nurs 2013;36(3):188–98.

57. Spiegel BM, Hays RD, Bolus R, Melmed GY, Chang L, Whitman
C, Khanna PP, Paz SH, Hays T, Reise S, et al. Development
of the NIH Patient-Reported Outcomes Measurement Information
System (PROMIS) gastrointestinal symptom scales. Am J Gastroenterol
2014;109(11):1804–14.

58. Koloski NA, Jones M, Hammer J, von Wulffen M, Shah A, Hoelz
H, Kutyla M, Burger D, Martin N, Gurusamy SR, et al. The validity
of a new Structured Assessment of Gastrointestinal Symptoms Scale
(SAGIS) for evaluating symptoms in the clinical setting. Dig Dis Sci
2017;62(8):1913–22.

59. Mishra S, Willis J, Ansell J, Monro JA. Equicarbohydrate partial
exchange of kiwifruit for wheaten cereal reduces postprandial glycaemia
without decreasing satiety. J Nutr Sci 2016;5:e37.

60. Wilkinson-Smith V, Dellschaft N, Ansell J, Hoad C, Marciani L,
Gowland P, Spiller R. Mechanisms underlying effects of kiwifruit
on intestinal function shown by MRI in healthy volunteers. Aliment
Pharmacol Ther 2019;49(6):759–68.

61. Ansell J, Parkar S, Paturi G, Rosendale D, Blatchford P. Modification of
the colonic microbiota. Adv Food Nutr Res 2013;68:205–17.

62. Blatchford P, Stoklosinski H, Eady S, Wallace A, Butts C, Gearry
R, Gibson G, Ansell J. Consumption of kiwifruit capsules increases
Faecalibacterium prausnitzii abundance in functionally constipated
individuals: a randomised controlled human trial. J Nutr Sci 2017;6:
e52.

856 Bayer et al.


	Habitual Green Kiwifruit Consumption Is Associated with a Reduction in Upper Gastrointestinal Symptoms: A Systematic Scoping Review
	Introduction
	Rationale
	Objectives

	Methods
	Protocol and registration
	Selection criteria
	Information sources
	Search and selection of sources
	Data charting and information assessment
	Synthesis of results
	Statistical analysis

	Results
	Selection of sources of evidence
	Characteristics and quality of sources
	Abdominal discomfort and pain
	Abdominal bloating and distension
	Disrupted swallowing and reflux
	Dyspepsia
	Synthesis of results

	Discussion
	Summary of evidence
	Limitations
	Conclusions
	Funding

	Acknowledgements
	Data Availability
	References


