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improvements in gastrointestinal (GI) comfort. We investigated the effect of consuming green kiwifruit

on GI function and comfort.
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METHODS: Participants included healthy controls (n563), patients with functional constipation (FC, n560), and

patients with constipation-predominant irritable bowel syndrome (IBS-C, n561) randomly assigned to

consume 2 green kiwifruits or psyllium (7.5 g) per day for 4 weeks, followed by a 4-week washout, and

then the other treatment for 4 weeks. The primary outcome was the number of complete spontaneous

bowel movements (CSBM) per week. Secondary outcomes included GI comfort which was measured

using the GI symptom rating scale, a validated instrument. Data (intent-to-treat) were analyzed as

difference from baseline using repeated measures analysis of variance suitable for AB/BA crossover

design.

RESULTS: Consumption of green kiwifruit was associatedwith a clinically relevant increase of‡ 1.5 CSBMper week

(FC; 1.53, P < 0.0001, IBS-C; 1.73, P5 0.0003) and significantly improved measures of GI comfort

(GI symptom rating scale total score) inconstipatedparticipants (FC,P<0.0001; IBS-C,P<0.0001).No

significant adverse events were observed.

DISCUSSION: This study provides original evidence that the consumption of a fresh whole fruit has demonstrated

clinically relevant increases in CSBM and improvedmeasures of GI comfort in constipated populations.

Green kiwifruits are a suitable dietary treatment for relief of constipation and associated GI comfort.
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INTRODUCTION
Functional gastrointestinal disorders (FGID), now termed disorders
of gut-brain interaction, are common and troublesome, leading to
significant morbidity, cost to society, and reduced quality of life (1).
In theUnited States in 2014 alone, FGID resulted in close to 223,000
hospital admissions at an estimated cost of more than $6BUSD (2).
FGID include, among others, functional constipation (FC) and ir-
ritable bowel syndrome with predominant constipation (IBS-C).
Recent global epidemiological surveywith Rome IV criteria revealed
the global prevalence of FC at 11.7% (95% confidence interval [CI]
11.4%–12.0%) and IBS-C 1.3% (95%CI 1.2%–1.4%) (3).While both
FC and IBS-C are defined by constipation, patients with IBS-C also
experience abdominal pain (4). Patients with FGID may have
multiple symptoms including abdominal bloating and pain. Many
factors contribute to the development of functional GI symptoms,
including age, diet, lifestyle, medications, dysbiosis, increased in-
testinal permeability, low-grade intestinal inflammation, and psy-
chological comorbidities such as anxiety and depression (5). Of
individuals with constipation, only approximately 22% seekmedical
care and those who do are often dissatisfied with the medical ther-
apies offered (6). Laxatives such as stool softeners, colonic stimu-
lants, and bulking agents are commonly prescribed and are effective
in increasing stool frequency and a softer stool consistency but are
not universally tolerated by patients (7).

Several studies support the consumption of individual foods to
improve laxation and GI comfort. A growing body of evidence
suggests regular consumption of fresh green kiwifruit (Actinidia
chinensis var. deliciosa “Hayward”) may be of benefit (8–12).
However, these studies have typically been single-centered, with
relatively small cohorts, and have used nonstandardized end
points. In an exploration of the potential of kiwifruit to improve
upperGI symptoms, Bayer et al (13) considered a range of kiwifruit
varieties and kiwifruit products. Based on GSRS outcomes, they
found evidence that green kiwifruit may reduce abdominal pain

and improve GI comfort, together with some evidence for the at-
tenuation of indigestion symptoms.

In this large, multicenter, crossover, randomized controlled
trial in 3 diverse populations, the effect of consuming 2 green
kiwifruits daily on normalization of bowel habit and improving
measures of GI comfort was investigated. The study was con-
ducted to establish further substantive evidence that could con-
tribute to a positive opinion on the effects of green kiwifruit from
the European Food Safety Authority (EFSA) and subsequent
approval of a health claim through the European Commission.

METHODS

Study design and participants

This prospective randomized, single-blinded, crossover, controlled
16-week trial was undertaken in 3 countries (New Zealand, Italy,
and Japan). The effects of the daily consumption of 2 Zespri green
kiwifruits (A. chinensis var. deliciosa “Hayward”) compared with
those of 7.5 g of psyllium for 4 weeks on parameters of bowel habit
and GI comfort were determined. Two green kiwifruits, as con-
sumed, of the grade used in this trial provided approximately 6 g of
dietary fiber. The psyllium dosage (7.5 g) also provided approxi-
mately 6 g of dietary fiber. The consumption of at least 6 g of fiber
provided from psyllium is known to provide a beneficial physio-
logical effect for the normalization of bowel habit in constipated
individuals (14–16). Psyllium is considered as a first-line treatment
for constipation both in individuals with IBS-C and FC (17).

On enrollment, participants were randomized to consume
either of the interventions. Participants were instructed to con-
sume the kiwifruit without the skin. No other changes to their
habitual diet were mandated over the study period. Psyllium was
used as a positive control because it has a proven laxative effect
and its use is included in international guidelines for the treat-
ment of constipation (18,19). Furthermore, the fiber content of
psyllium could be matched with that of 2 green kiwifruits. The
daily time or occasion for the consumption of either intervention

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY
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was not specified. After a 2-week lead-in period, participants
completed a 4-week intervention period with the allocated in-
tervention. This was followed by a 4-week washout period, after
which participants crossed over to the other intervention, also
consumed for 4 weeks. There was a 2-week follow-up period after
the completion of the final intervention (Figure 1).

Eligible participants were adults aged between 18 and 65 years,
with a bodymass index (BMI) of 18–35 kg/m2. Participants either
had FC, IBS-C as defined by the Rome III diagnostic criteria (20),
orwere healthy controls (HC). Participantswith an IBS-symptom
severity index (IBS-SSI) (21) $300 were excluded together with
those with GI alarm symptoms (20). Other exclusions were pre-
vious diagnoses of significant GI disorders or surgery and sig-
nificant renal, cardiovascular, oncological, neurological, or
psychiatric disease.Womenwhowere pregnant, breastfeeding, or
planning pregnancy during the study period were excluded, as
were thosewith knownkiwifruit or latex allergy. Participants with
diagnosed and stable conditions requiring the use of selective
serotonin reuptake inhibitors, tricyclic antidepressants, opiates,
or anti-inflammatories were permitted into the trial on the con-
dition thesemedications were used continually and the condition
was stable for more than 3 months before study enrollment.
Similarly, those with stable and controlled diabetes were per-
mitted to participate; however, participants with fasting blood
glucose concentration of$7.2mmol/Lwere excluded. Significant

deviations in full blood count, renal function, liver biochemistry,
and C-reactive protein were also exclusions.

Ethics approvalwas granted for each participating institution, and
the study was registered in each country: New Zealand (Australian
NewZealandClinicalTrialsRegistryACTRN12614000460606); Italy
(ClinicalTrials.gov NCT02888392); and Japan (University Hospital
Medical Information Network, UMIN000020090). All participants
provided written informed consent. The trial was undertaken in ac-
cordance with the Declaration of Helsinki and applicable local reg-
ulations. All protocol amendments were reviewed and approved
before implementation by the applicable individual institutional or
national ethics committees.

Randomization and masking

Computer-generated randomization using a stratified (country
and study group) block (4 blocks of 10 per stratum)was applied to
participants in Italy and Japan. New Zealand participants were
randomized using a computer-generated 10-participant block
design. Statisticians who generated the randomization sequences
had no further role in the trial. Allocation concealment was by
sealed envelope in Italy and New Zealand. Participants in New
Zealand received their allocated intervention at study visits, while
participants in Italy received the kiwifruit from a distribution
center and the psyllium from the dispensary at S. OrsolaMalpighi
Hospital, Bologna. In Japan, concealed allocation was sent by an
independent home delivery company who delivered the in-
tervention foods directly to participants.

Study personnel performing participant assessments, data
management and analysis, and clinical trial management were
blinded to the treatments. All participants were informed that the
study involved a comparison between kiwifruit and psyllium. The
whole food nature of the interventions meant neither could be
blinded to participants.

Procedures

This study was performed in 3 countries: Italy (Bologna), Japan
(Sendai), and New Zealand (Christchurch and Palmerston
North). The nature and timing of all study procedures are out-
lined in Figure 2. After recruitment and screening, there was a 2-
week lead-in period for participants to habituate to recording

Figure 2. Overview of study plan and test procedures.

Figure 1. Crossover study design.
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daily assessments in the Daily Bowel Health Diaries (DBHD) and
to provide baseline data. The DBHD asked participants to de-
scribe their bowel movements for frequency, completeness, and
spontaneity of evacuation. Stool form, laxative use, and degree of
straining were also recorded daily. A range of other self-reported
validated questionnaires and food diaries were completed at time
points throughout the study, as indicated in Figure 2. Regular
compliance evaluation was possible with the collection and re-
view of the DBHD at each visit. DBHDwere issued at study visits
for the 14-day period after visits. All participant information,
questionnaires, and other study information were provided in
English, Italian, or Japanese, as appropriate.

Blood samples were drawn at baseline and the completion of
subsequent study phases for analysis at certified laboratories for
biochemistry and vitamin C. Stool specimens were collected and
stored at280 °C before microbiome analysis (results to be pub-
lished elsewhere).

To encourage adherence to the study intervention, excess kiwi-
fruit was supplied for other householdmembers to consume. Excess
psyllium was returned at each study visit to assess adherence to the
protocol, in addition to direct questioning of the participants. The
protocol allowed for a period of 62 days around the exact date of
study period cutoff, to allow for weekends and personal schedules of
participants. Visit dates were recorded in the electronic case report
form. A subgroup of participants in NZ and Italy had GI transit
measured using SmartPill (n 5 48) or, in Japan, radio-opaque
markers (n5 55) in the final 2 weeks of each intervention period.

Adverse events were captured at each study visit and between
study visits, as reported by the participants in a standardized
format. Two bisacodyl suppositories (5 g) were available to each
participant to take as a pharmacological rescue therapy. All local
study data were entered blindly into an independent, centralized
study database that was monitored, verified, and managed by an
independent and blinded clinical research organization (OPIS,
Italy). Study monitors were appointed for each study center.

Outcome measures

The primary outcome, the number of complete spontaneous bowel
movements (CSBM) per week, was recorded in the DBHD
throughout the entire study period. The change in CSBM recorded
in the fourth week of each intervention period was compared with
that in the baseline period. For each intervention, the baseline value
was defined as the average number of CSBM in the 2-week lead-in
period before intervention 1, and in week 4 of the washout period
before intervention 2. For constipated individuals, an increase of
.1 CSBM per week is clinically relevant for improving con-
stipation (22,23). This trial set a primary outcome of an increase of
$ 1.5 CSBM per week, based on previously published data for
kiwifruit and to ensure outcomes were beyond the regulatory
threshold requirement of effective treatments for constipation (9).

Key secondary outcomeswereGI comfort (GI symptomrating
scale [GSRS] (24)), stool consistency (Bristol stool form scale
(25)), and degree of straining (scale of 1–3 recorded in the
DBHD). IBS-associated quality of life (QoL) was assessed by the
IBS-QoL questionnaire (26), at the end of each study period,
together with appropriate modules from the Rome III Diagnostic
Questionnaire for the Adult FGID’s to monitor constipation
status and the Profile of Mood State Standard questionnaire (27)
to determine changes in mood. The severity of GI symptoms was
measured by the IBS-SSI at study entry (21).

Plasma vitamin C is an established marker of kiwifruit con-
sumption andwas used as an indicator of compliance (28). Three-
day food diaries were evaluated to identify significant changes in
diet during the study. In a subgroup from each center, GI transit
time was reported for total and segmental gut using SmartPill
(New Zealand and Italy) (29,30), or radio-opaquemarker (Japan)
(31). Adverse events were evaluated by the principal investigator
at each center for severity and whether they were likely to be
attributable to the intervention. All adverse events were reviewed
by an independent, blinded clinical monitor.

Statistical analysis

The trial sample size was determined using primary outcome data
(CSBM) from the earlier trial of Chan et al (9) to provide the
inputs for power calculation. The study was powered, for each
study center, to detect an increase of at least 1.5 CSBMperweek in
each of the constipated groups (FC and IBS-C), compared with
the baseline period after the kiwifruit intervention. The final
sample size calculation was based on using a 2-sided, paired t test
for the comparison of kiwifruit vs baseline. Chan et al (9) reported
an SD of 2.6 for weekly bowelmovements in constipated patients.
Assuming a strong within-subject correlation for CSBM of
r5 0.75, the SD of the change in CSBMwas calculated as 1.84. To
detect a change in CSBM of 1.5 per week, with 1.84 SD of the
change, 90% power, and 5% significance, 16 patients per group
were required to complete the trial. Allowing for a 25% dropout
rate, 20 participants were recruited for each of 3 subpopulations
(HC, FC, and IBS-C), or a total of 60 participants per study center,
with 180 across all 3 study centers. While the study was powered
to detect an increase of $ 1.5 CSBM per week from baseline in
each of the constipated cohorts (FC and IBS-C), it was ac-
knowledged that based on clinical relevance, these 2 groups could
potentially be grouped as a single cohort, further increasing the
power of the study. Sample size calculations were completed
using the University of California San Francisco sample size
calculator (http://www.sample-size.net/sample-size-study-
paired-t-test/).

All data for analyses were transferred to the blinded study
statisticiandirectly through secure linkages fromthe electronic case
report form database (OPIS, Italy) as SAS files. Statistical analysis
was completed using SAS software, version 9.3 (SAS 9.3 2002–2010
SAS Institute,Cary,NC, onX64_7PROplatformunderWindows 7
Enterprise 2009Microsoft) and SAS software, version 9.4 (SAS 9.4
2016 SAS Institute, Cary, NC, on the X64_10PRO platform under
Windows 10 Enterprise 2015 Microsoft). All data were analyzed
based on intention-to-treat basis.

Datawere analyzed separately for eachparticipant groupHC,FC,
and IBS-C and for the combined constipated group (FC1 IBS-C).
Participant demographics and baseline characteristics are presented
as mean, SD, and range for continuous variables and counts and
percentages for categorical variables (Table 1). Continuous end
points were analyzed as difference from baseline (lead-in for in-
tervention1 andweek4ofwashout for intervention 2) using amixed
models approach to repeated measures analysis of variance (Proc
Mixed, SAS/STAT 14.1) and allowing for treatment heterogeneous
variance. Categorical end points were analyzed using cross-
tabulation and the x2 test of independence. Significance was de-
clared ifP,0.05.Themodel includedcenter, intervention sequence,
trial phase, and treatment as fixed effects and subject as random
effect. Treatment was repeated within subjects, and the covariance
pattern model was UNR (unstructured correlations).

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY
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To deal with multiple secondary end points, a hierarchical
procedure was used, where no numerical adjustment of each
single hypothesis test was necessary. However, significant effects
could not be declared for end points that have a rank lower than or
equal to that variable whose null hypothesis was the first that
could not be rejected (32).

RESULTS
Between June 12, 2014, and June 17, 2017, 184 of 667 screened
participants (63 HC, 60 FC, and 61 IBS-C) were enrolled into the
trial across the 3 study centers (Figure 3).

Participant demographics and characteristics are summarized
in Table 1. More detailed demographics by study center are listed
in Supplementary Digital Content (see Supplementary Table S1,
http://links.lww.com/AJG/C809). In the full cohort, there were
significantly more women than men (136 vs 48, P , 0.01). This
pattern was consistent across the 3 study centers and in line with
the known higher prevalence of FC and IBS-C in women.

Statistically significantdifferences (P,0.01) between study centers
were observed for participant age (years, mean [SD]: New Zealand
44.8 [14.3]; Italy 36.9 [12.8]; and Japan 30.5 [13.0]) and BMI (kg/
m2, mean [SD]: New Zealand 25.4 [4.3]; Italy 23.0 [3.7]; and Japan
20.6 [2.0]). Differences in the BMI of study populations of each
country reflect national mean BMI (kg/m2, mean [6 standard er-
ror]) data, as reported by the World Health Organisation (New
Zealand 28.2 [27.9–28.5], Italy 26.3 [25.7–26.8], and Japan 22.8
[22.5–23.2]), for adults older than 18 years, 2016, crude data) (33).
Age and BMIwere not predictors of any outcomemeasures.While
the baseline demographic and anthropometric data suggested
some heterogeneity between the study center populations, which is
not unexpected, less difference was observed within each of the
bowel health groupings (HC, FC, and IBS-C) when the total study
cohort was combined; hence, differences at the study center level
did not affect the study results. Furthermore, as detailed in the
Statistical Analysis section, the model used to analyze the study
data included center, intervention sequence, trial phase, and
treatment as fixed effects and subject as random effect. The

Table 1. Participant demographics and baseline characteristics of study population

Demographic/characteristic Total study (n 5 184)

Full study cohort

HC (n5 63) FC (n 5 60) IBS-C (n5 61)

Combined constipation group

(IBS-C and FC) (n5 121)

Gender, n (%)

Female 136 (73.9) 37 (58.7) 43 (71.7) 56 (91.8) 99 (81.8)

Male 48 (26.1) 26 (41.3) 17 (28.3) 5 (8.2) 22 (18.2)

Age, yr

Mean (SD) 35.5 (14.58) 34.3 (13.54) 38.1 (15.56) 40.2 (14.22) 39.2 (14.88)

Range 18–65 19–64 18–65 19–64 18–65

Ethnicity, n (%)

European 109 (59.2) 37 (58.7) 36 (60.0) 36 (59.0) 72 (59.5)

M�aori 3 (1.6) 2 (3.2) 1 (1.7) 0 (0.0) 1 (0.8)

Indian 1 (0.5) 1 (1.6) 0 (0.0) 0 (0.0) 0 (0.0)

Japanese 64 (34.9) 20 (31.7) 22 (36.7) 22 (36.1) 44 (36.4)

Hispanic/Latino 2 (1.1) 1 (1.6) 1 (1.7) 0 (0.0) 1 (0.8)

Other 5 (2.7) 2 (3.2) 0 (0.0) 3 (4.9) 3 (2.5)

Weight, kg

Mean (SD) 64.4 (14.73) 66.5 (15.29) 65.5 (16.53) 61.0 (11.55) 63.2 (14.36)

Range 54.0–128.0 42.0–101.7 42.0–128.0 42.0–100.0 42–128

Height, m

Mean (SD) 1.67 (0.093) 1.70 (0.105) 1.67 (0.089) 1.63 (0.071) 1.65 (0.082)

Range 1.46–1.95 1.51–1.95 1.46–1.90 1.51–1.82 1.46–1.90

Body mass index, kg/m2

Mean (SD) 23.0 (4.00) 22.9 (3.95) 23.4 (4.36) 22.9 (3.70) 23.1 (4.03)

Range 16.6–35.5 16.9–35.3 16.6–35.5 17.5–35.1 16.6–35.5

IBS-SSI score

Mean (SD) 113 (82.9) 52 (43.5) 115 (69.4) 173 (81.5) 145 (80.8)

Range 0–345 0–143 5–345 0–345 0–345

FC, functional constipation; HC, healthy controls; IBS-C, irritable bowel syndrome with predominant constipation; IBS-SSI, Irritable bowel syndrome–symptom severity index.
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analyzed data showed there were no significant differences in the
outcomes between study sites.

Overall study compliance was high. Of the 184 participants
entering the study, 169 (92%) completed the study, and compli-
ance based on diary completion was more than 80%. Compliance
with the intervention (kiwifruit or psyllium) was reported at the
completion of each intervention phase. Aside from 1 participant
recorded as having not complied with the psyllium intervention,
based on a strong sensory (taste and texture) dislike of the psyl-
lium, all other participants complied with the interventions. The
markedly different organoleptic properties of psyllium and ki-
wifruit did not affect study compliance, and formal preference
data were not collected as a part of the study design.

The primary outcome of an increase of $ 1.5 CSBM per
week was achieved in the FC (mean 1.53, P , 0.0001), IBS-C
(mean 1.73, P 5 0.0003), and combined FC 1 IBS-C (mean
1.69, P, 0.0001) groups after the kiwifruit intervention. After
the psyllium intervention, the primary outcome was observed
only in the IBS-C (mean 1.87, P 5 0.0051) group (Table 2). In
the combined FC and IBS-C group, the effect of 2 green kiwi-
fruits per day was significantly greater than the effect of psyl-
lium (P 5 0.038) (Figure 4).

Repeated measures analysis showed both interventions
resulted in significant and sustained increases in the weekly

frequency of CSBM in all study groups, with that for the
combined constipated group shown in Figure 5. There were no
significant differences in the frequencies between the kiwifruit
and psyllium treatments in any week. Order effects were in-
cluded in the model, and the results showed that there was no
significant crossover effect. Although not specified in the trial
analysis plan, responder rates (22) of the FC and IBS-C cohorts
were determined post hoc (see Supplementary Table S3, http://
links.lww.com/AJG/C809).

Daily consumption of 2 green kiwifruits was associated with a
significant reduction, compared with that at baseline, in overall GI
symptoms, as determined by the GSRS total score for FC, IBS-C,
and the combined FC1 IBS-C group (Figure 6). Consumption of
psyllium was associated with a significant reduction in GI symp-
toms in the IBS-C group only. Consumption of 2 green kiwifruits
was associated with a significant reduction in GI symptoms for the
FC and combined FC-IBS-C groups compared with psyllium.

Individual GSRS domain scores and other secondary out-
comes are summarized in Table 2. Kiwifruit consumption was
associated with significant changes from baseline constipation
scores in the FC (P, 0.0001), IBS-C (P, 0.0001), and combined
constipation (P , 0.0001) groups, compared with psyllium,
where the changes from baseline were significant in the IBS-C
(P , 0.0001) and combined constipation (P , 0.0001) groups.

Figure 3. Consolidated Standards of Reporting Trials.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY
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Compared with psyllium, kiwifruit consumption was associated
with a greater improvement in constipation symptoms in the FC
(P5 0.026) andFC1 IBS-C (P5 0.024) groups indigestion in the
FC (P5 0.04) and the combined constipation groups (P, 0.01).
The clinical relevance of shifts in GSRS domain scores has been
determined asminimally important differences (MID) defined by
the level of shift from baseline scores (constipation domain 0.7;
abdominal pain domain 0.6; indigestion domain 0.7) (34). The
kiwifruit intervention met the MID for the constipation domain
for both constipated groups (FC and IBS-C) compared with the

psyllium intervention, which met the MID for the IBS-C group
only. A significant difference for the abdominal pain domain
score was observed between treatments, but neither met theMID
requirement. Subgroup analysis of participants that entered the
study with moderate to severe abdominal pain (IBS-SSI score
$ 175) (35) showed that kiwifruit approached the MID for ab-
dominal pain in IBS-C participants with a shift from baseline
of 0.5.

In the combined constipation group, daily consumption of 2
green kiwifruits was associated with softening of the stool

Table 2. Effect of green kiwifruit (KF) and psyllium (PS) on primary and secondary outcomes

Outcome Measure Study group

Kiwifruit Psyllium KF vs PS

Mean difference p value Mean difference p value p value

CSBM Per wk HC 1.19 0.0022 1.30 0.0022 0.8396

FC 1.53 ,0.0001 0.67 0.1125 0.0624

IBS-C 1.73 0.0003 1.25 0.0001 0.3940

Combined constipation 1.69 ,0.0001 0.90 0.0007 0.0380

GSRS total Overall score HC 20.08 0.2186 20.02 0.9851 0.4949

FC 20.22 ,0.0001 20.04 0.6549 0.0436

IBS-C 20.36 ,0.0001 20.17 0.0420 0.0504

Combined constipation 20.30 ,0.0001 20.10 0.0796 0.0027

GSRS Constipation score HC 20.10 0.2039 0.06 0.5146 0.2061

FC 20.66 ,0.0001 20.26 0.0544 0.0259

IBS-C 20.8 ,0.0001 20.69 ,0.0001 0.4588

Combined constipation 20.77 ,0.0001 20.48 ,0.0001 0.0237

Abdominal pain score HC 20.02 0.7738 20.03 0.6432 0.9382

FC 20.07 0.5406 0.05 0.6403 0.4445

IBS-C 20.30 0.0237 20.06 0.6189 0.1398

Combined constipation 20.19 0.0267 0.00 0.9820 0.0833

Indigestion score HC 20.16 0.0277 20.05 0.4960 0.2502

FC 20.22 0.0173 0.07 0.5751 0.0425

IBS-C 20.40 0.0016 20.12 0.3061 0.0832

Combined constipation 20.31 ,0.0001 20.01 0.8620 0.0047

BSFS Score HC 0.40 0.0036 20.04 0.7392 0.0152

FC 0.49 0.0008 0.18 0.2432 0.1399

IBS-C 0.71 ,0.0001 0.37 0.0011 0.0462

Combined constipation 0.60 ,0.0001 0.27 0.0042 0.0119

Straining Score HC 20.01 0.4319 0.00 0.8947 0.5916

FC 20.14 0.0003 20.04 0.4154 0.0507

IBS-C 20.14 0.0004 20.09 0.0232 0.2902

Combined constipation 20.14 ,0.0001 20.06 0.0308 0.0201

IBS-QoL Overall score HC 0.89 0.1232 20.18 0.5077 0.1181

FC 1.79 0.0736 1.45 0.0834 0.7794

IBS-C 5.05 0.0002 4.66 ,0.0001 0.7818

Combined constipation 3.53 ,0.0001 3.07 ,0.0001 0.6237

BSFS, Bristol stool form scale; CSBM, complete spontaneous bowel movement; FC, functional constipation; GSRS, gastrointestinal symptom rating scale; HC, healthy
controls; IBS-C, constipation-predominant irritable bowel syndrome; IBS-QoL, irritable bowel syndrome quality-of-life questionnaire.
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consistency, a reduction in straining, and improvement in QoL
compared with those at baseline. Kiwifruit consumption was
associated with significantly better outcomes than psyllium for
stool consistency and straining.

Owing to the multiple secondary outcomes for which the study
was not specifically powered, a hierarchical strategy was adopted.
By eliminating those secondary outcomes that are equal or lower in
the hierarchy than thefirst variablewithP$ 0.05,GSRS abdominal
pain, GSRS indigestion, Bristol stool form scale, straining, and IBS-
QoL were designated not significant for the FC group receiving 2
green kiwifruits daily. For the psyllium intervention, none of the
secondary outcomes except total GSRS and GSRS constipation
passed the multiplicity threshold (Table 3). Bold text for the p-
values in Table 3 signal the change to nonsignficant outcomes.

There were no significant differences in profile of mood state
scores, laxative use, or overall GI motility, as measured by
SmartPill. Analysis of dietary records at the end of each study
period showed that except for reductions in other fruit intake
during the kiwifruit intervention, no other significant changes in

diet were observed over the duration of the study. Only mild
adverse events were reported, none of which required unblinding
of the study intervention. Adverse events are reported in Sup-
plementary Digital Content (see Supplementary Table S2, http://
links.lww.com/AJG/C809).

DISCUSSION
We have shown that consuming 2 green kiwifruits daily is as-
sociated with improved laxation and GI comfort in constipated
individuals. Fresh fruit and vegetables are essential elements of a
“healthy diet.” In this study, a fresh fruit has been shown in a
large multicenter randomized controlled trial to have clinically
relevant and beneficial effects on a range of GI symptoms in free-
living adults with constipation. Although nonpharmaceutical
and natural products are of great interest to the public for the
management of GI complaints, a naturally occurring fresh food
that can be easily incorporated into the diet has never before
undergone such a rigorous controlled trial. Building on

Figure 4. Change from baseline in CSBM frequency during interventions.

Figure 5.Weekly CSBM frequencies in the combined constipated group during each intervention.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY
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previously published studies, these data have provided sub-
stantive evidence leading to a positive opinion from the EFSA
Panel on Nutrition, Novel Foods, and Food Allergens for the
role of green kiwifruit in the maintenance of normal defecation
(36). This study was completed in 2017; the delay in submission
for publication was a consequence of awaiting the outcome of
the EFSA opinion.

Constipation is a common condition affecting.10% of the
worldwide population and is a major contributing factor to GI
discomfort (37). It accounts for a significant reduction in
QoL and is a major burden on healthcare systems worldwide
(through visits to primary and secondary care facilities). A
survey of patient perspectives recorded that 43% of patients
were not completely satisfied by current pharmacological
treatments for constipation (7). In addition to a range of pre-
scribed medications, there are many over-the-counter supple-
ments and nutraceutical therapies marketed to improve
constipation and improve GI comfort. However, most of these
approaches lack robust scientific evidence supporting their
efficacy. This study shows that robust randomized controlled

trials of nonpharmaceutical treatments can be successfully
conducted for the management of GI symptoms.

In addition to the daily consumption of green kiwifruit
demonstrating a clinically significant improvement in laxation,
similar benefits were also obtained for GI comfort. Although not
the only factor, improvement in laxation is associated with
improved GI comfort (38). Several studies have shown how
consumption of green kiwifruit leads to improved laxation in
constipated individuals and improves measures of GI comfort,
including bloating (8,9,12). In a meta-analysis of 27 clinical
trials of interventions in constipated individuals (38), a meta-
regression demonstrated a significant correlation between
treatment-induced increases in bowel frequency and decreased
pain ratings. Therefore, the effects on abdominal pain may be
mediated, partly, by improvements in constipation. The results
of regular consumption of green kiwifruit on further secondary
outcomes from this study demonstrate improvements in ab-
dominal pain and indigestion, as measured by GSRS, straining
during defecation, and stool consistency. All these outcomes are
consistent with changes that are observed in people with im-
proved laxation, adding clinical and biological plausibility to
these findings.

Constipation is associated with significantly reduced QoL.
In addition to symptom improvement, the consumption of
both green kiwifruit and psyllium was associated with im-
proved IBS-specific QoL. This novel finding supports the
concept that dietary interventions can have an impact beyond
simple nutrition.

Mechanisms by which green kiwifruit improve laxation and
abdominal comfort have been reviewed (39). Fiber found in ki-
wifruit cell walls has a large swelling and water-holding capacity in
vitro, which can lead to stool softening and increased stool fre-
quency. Other components of kiwifruit, for example raphides, may
alter mucin production, leading to improved laxation. The physi-
ological effects of the ingestion of 2 kiwifruits have been explored
using serial MRI scanning (40). Compared with the control, sig-
nificant increases in water retention in the small bowel and as-
cending colon, in addition to increasing total colonic volume, were
observed. These findings are consistent with the known swelling
and water-retaining capacity of kiwifruit fiber.

Table 3. Hierarchy of end points accounting for multiplicity of outcomes

Rank Endpoint

Kiwifruit Psyllium

FC IBS-C Combined constipation FC IBS-C Combined constipation

1 CSBM ,0.0001 0.0003 ,0.0001 0.1125 0.0001 0.0038

2 GSRS total ,0.0001 ,0.0001 ,0.0001 0.6549 0.0420 0.0796

3 GSRS constipation ,0.0001 ,0.0001 ,0.0001 0.0544 ,0.0001 0.0420

6 GSRS abdominal pain 0.5406 0.0237 0.0267 0.6403 0.6189 0.9820

7 GSRS indigestion 0.0173 0.0016 ,0.0001 0.5751 0.3061 0.8620

4 BSFS 0.0008 ,0.0001 ,0.0001 0.2432 0.0011 0.0042

5 Straining 0.0003 ,0.0001 ,0.0001 0.4154 0.0232 0.0308

8 IBS-QoL 0.0736 0.0002 ,0.0001 0.0834 ,0.0001 ,0.0001

Bold text for the p-values in Table 3 signal the change to nonsignficant outcomes.
BSFS, Bristol stool form scale; CSBM, complete spontaneous bowel movement; FC, functional constipation; GSRS, gastrointestinal symptom rating scale; HC, healthy
controls; IBS-C, constipation-predominant irritable bowel syndrome; IBS-QoL, irritable bowel syndrome quality-of-life questionnaire.

Figure 6. Change from baseline in GSRS total scores.
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This study has a number of limitations. A key limitation was
the inability to blind participants to the interventions. However, a
single blind was maintained with all researchers who had contact
with the participants. The potential effects of the unblinded ki-
wifruit intervention were managed by also using an unblinded
positive control. It is possible that perceived effects for those
consuming kiwifruit was differentially greater than those con-
suming psyllium or vice versa.

The treatment duration was relatively short (4 weeks).
This is consistent with other studies and aligned with rec-
ommendations for clinical trials of FGID (41). The 4-week
timeframe also minimized the effect of the menstrual cycle on
GI symptoms because this can be a confounding factor, es-
pecially in functional GI studies where most participants are
female (42).

This large multicenter study presented consistent results
across the 3 geographically and culturally diverse populations.
The study participants were well phenotyped, and the study
was independently monitored. Although there is no validated
measure for CSBM, compliance of daily diary completion was
high. The rationale for use of a crossover design for this in-
tervention trial was primarily due to the recognized variability
in individuals with FGID (constipation related) and conse-
quently the preference that each participant serves as his/her
own control in the estimation of treatment effect and allowing
for between-group comparisons (43). A further advantage of
the crossover design, due to the within-individual measures,
was the reduced sample size (compared with parallel design)
required to achieve the desired statistical power (41). In addi-
tion, order effects were included in the model that we used to
analyze our data, and the results show that there was no sig-
nificant crossover effect.

In conclusion, we have shown that consumption of 2 Zespri
green kiwifruits per day is associated with a clinically significant
increase in CSBM, improvements in abdominal comfort,
straining and stool form, and increases in QoL, translating into
meaningful improvements for study participants. Taken in
conjunction with previous clinical trials of green kiwifruit and
the emerging physiological data from functional studies, con-
sumption of 2 green kiwifruits can be safely recommended as an
effective treatment for constipation in those with functional GI
disorders that will also provide improvements in symptoms of
GI comfort.
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