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Abstract: The aim of this systematic review is to understand if kiwifruit dietary consumption can
effectively improve constipation and intestinal function. PubMed, EMBASE, and Cochrane Library
were systematically searched for relevant studies from inception up to September 2021. After database
search, nine clinical studies were considered eligible for inclusion. Most trials were characterised
by a limited number of study participants (median: 20, min: 11, max: 79) and had a cross-over
design. On average, study participants ate from two to four kiwifruits a day for a period varying
from three days to four weeks. Included trials almost exclusively involved young or middle-aged
adults with a high female-to-male ratio, whereas direct evidence for elderly people (>65 years old) is
scant. Moderate quality evidence indicated that kiwifruit dietary consumption can improve complete
bowel movements per week and decrease stool consistency in both healthy subjects and patients with
constipation due to irritable bowel syndrome, probably owing to the fruit fibre and water content.
Kiwifruit dietary consumption can also have beneficial effects beyond intestinal motility, such as
a mild anti-inflammatory and antioxidant effect on the gut barrier, due to a combined activity of
all its nutrients (enzymes, vitamins, minerals). When only patients affected by constipation were
considered, kiwifruit consumption was likely associated with a short-term significant increase in
defecation frequency but not always with significant changes in stool consistency. These results were
also supported by studies characterised by the highest methodological quality and confirmed by the
meta-analysis about the effects of kiwifruit-based interventions on defecation frequency (g = 0.576;
95% CI: (0.174; 0.978); p = 0.012). Further investigations on the topic are recommended to strengthen
the consistency of current evidence with larger trials.
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1. Introduction
1.1. Kiwifruit Species and Their Nutritional Characteristics

Actinidia is a genus of woody plants with a shrub- or vine-like appearance that origi-
nate from Asia and are well known for ornamental uses and food production [1]. The fruit
has thin skin and is characterised by juicy flesh and edible seeds. Green (Actinidia deliciosa),
yellow (A. chinensis), red and purple (A. melanandra and A. arguta var. purpurea) kiwifruits
are the most common species available in the food market, and they partially differ in terms
of both organoleptic properties and micronutrient content. For example, green kiwifruit
has a higher phenolic content, while red kiwifruit is usually richer in anthocyanins, and
yellow kiwifruit has more vitamin C than the other types [2,3]. According to data reported
by the US Department of Agriculture, 100 g of raw green kiwifruit can provide almost 84 g
of water, a little more than 1.0 g of proteins, less than 0.5 g of lipids, and around 13.0 g of
carbohydrates [4]. Kiwifruits can also be a good source of fibre, minerals, and vitamins
(Table 1).
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Table 1. Average composition of yellow and green kiwifruit.

Components
of Kiwifruit

Yellow Kiwifruit Green Kiwifruit

Average Amount
(Per 100 g of

Product)
% DRI *-Males % DRI *-Females Average Amount

(Per 100 g of
Product)

% DRI *-Males % DRI *-Females

Water 82.4 g 2% 3% 83.9 g 2% 3%
Proteins 1.02 g 2% 2% 1.06 g 2% 2%
Lipids 0.28 g <1% <1% 0.44 g <1% 1%

Carbohydrates 15.8 g 12% 12% 12.0–14.0 g 10% 10%
Fiber 1.4 g 4% 6% 3.0 g 8% 12%

Calcium 17.0 mg 2% 2% 35.0 mg 4% 4%
Magnesium 12.0 mg 3% 4% 15.7 mg 4% 5%
Potassium 315.0 mg 10% 13% 198.0 mg 6% 8%

Beta-carotene 1.0 µg <1% <1% 52.0 µg 6% 7%
Vitamin C 161.3 mg 179% 216% 74.7 mg 83% 100%
Vitamin K 6.1 µg 5% 7% 40.3 µg 34% 45%

Source: ‘FoodData Central’ database issued by the US Department of Agriculture and available at: https://fdc.nal.usda.gov/fdc-app.
html#/food-details/327046/nutrients (accessed on 26 October 2021). Nutritional characteristics of yellow kiwifruit were provided by a
review authored by Xirui He et al. [5]. Values reported in Table 1 are expressed per 100 g of product and, on average, a green kiwifruit
has an approximate weight of 72 g [6]. * DRI = dietary reference intakes: recommended dietary allowances and adequate daily intakes
(percentage over the total for male and female healthy adults). Source: https://www.ncbi.nlm.nih.gov/books/NBK56068/ (accessed on
26 October 2021).

1.2. Constipation and Its Causes

Constipation is a health condition characterised by infrequent defecation (less than
three times a week) and/or hard stools [7]. In high-income countries, it is estimated that
the prevalence of constipation is quite high, probably affecting up to 27% of the entire
population, with some gender- and age-related differences (constipation is more common
in female subjects and elderly individuals) [8]. Common lifestyle causes of constipation
are high-fat diets, poor intake of dietary fibre, insufficient hydration, and sedentarism [9].
When associated with irritable bowel syndrome (IBS), chronic constipation seems to have a
multifactorial origin, probably arising from a combination of individual predisposition,
altered intestinal microbiota, as well as impaired neuroimmune and enteric functions [10].
The most frequent pathological causes of constipation are intestinal disorders charac-
terised by mechanical obstruction or reduced enteric functionality, neurologic problems,
depression, hypothyroidism, diabetes mellitus, uraemia, and some electrolyte imbalances
(hypercalcemia, hypokalaemia, hypomagnesemia) [11]. Although the specific aetiology of
chronic constipation may be quite heterogeneous, the most frequent causes can be found in
a combination of individual predispositions due to age and/or gender, functional digestive
conditions sometimes associated with abnormal anatomic features such as dolichocolon,
psychophysical stress, and unhealthy lifestyle habits [12].

1.3. A First-Line Clinical Approach to Constipation

Nutritional and lifestyle changes, along with probiotics and supplements, represent
a first-line approach to improve chronic constipation, especially if characterised by mild
severity and benign/functional aetiology [13]. Along with apples and prunes, kiwifruit
(Actinidia spp.) consumption is often traditionally recommended to provide relief from in-
testinal constipation and to promote laxation [10,14]. Clinical studies with kiwifruit-derived
dietary supplements have recently suggested their role as complementary remedies against
occasional or moderate constipation in otherwise healthy adults [15–18]. Laboratory exper-
iments with mice or pig models and literature reviews about foods with laxative properties
have included kiwifruit as a potential candidate for this therapeutic purpose [19–21]. Ac-
cording to the European Food Safety Authority (EFSA) Panel on Nutrition, Novel Foods,
and Food Allergens, ‘green kiwifruit (var. Hayward) can contribute to the maintenance of
normal defecation’ is a health claim sufficiently substantiated by mechanistic and clinical
evidence [22]. Therefore, in recent years, considering both population ageing and advances
in nutritional sciences, increasing attention has been paid by clinicians and the scientific
community to non-pharmacological treatments of chronic constipation, especially to any

https://fdc.nal.usda.gov/fdc-app.html#/food-details/327046/nutrients
https://fdc.nal.usda.gov/fdc-app.html#/food-details/327046/nutrients
https://www.ncbi.nlm.nih.gov/books/NBK56068/
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integrative approach capable of improving intestinal functions and motility without com-
mon side effects of laxative drugs, which are reported to be quite overused among elderly
subjects and patients with functional digestive disorders [23].

1.4. Research Objectives

The aim of this review is to understand if kiwifruit consumption can improve consti-
pation and intestinal function on the basis of existing clinical evidence.

2. Methods
2.1. Eligibility Criteria

This research was designed as a systematic literature review and its results were
reported in accordance with the PRISMA statement [24]. The review protocol was registered
in the Open Science Framework (OSF) under the following DOI: 10.17605/OSF.IO/4QBXH
(link: https://osf.io/4qbxh, accessed on 1 November 2021). The PRISMA checklist is
available for consultation in the Supplementary Materials.

Relevant clinical studies assessing the efficacy of kiwifruit consumption for consti-
pation were considered for inclusion in this review. No publication date or language
restrictions were enacted. Studies had to be published in peer-reviewed journals as original
research articles to be eligible for inclusion, while conference proceedings and congress
abstracts were excluded from the main search and only considered for discussing the topic
more comprehensively. The following PICOS criteria were applied for article inclusion in
the qualitative synthesis:

• P (population): patients suffering from chronic constipation (any cause of benign
origin). Studies involving healthy participants were included all the same, provided
that they reported relevant outcomes;

• I (intervention): kiwifruit consumption, preferably peeled (as customary in common
dietary habits). Studies with kiwifruit-derived dietary supplements were excluded
from the main search but still mentioned in the ‘Introduction’ Section for better
comprehensiveness;

• C (comparison): any type, including no control;
• O (outcomes): bowel movements per day or week and stool consistency (preferably

assessed with the Bristol score);
• S (study design): clinical studies, either controlled trials or pre–post studies. In vitro

and in vivo laboratory experiments were excluded.

2.2. Information Sources

PubMed, EMBASE, and Cochrane Library were systematically screened for relevant
studies from inception up to September 2021.

2.3. Search Strategy

PubMed: (Actinidia[Title/Abstract] OR kiwifruit[Title/Abstract] OR kiwi[Title/Abstract]
OR ‘Chinese gooseberry’[Title/Abstract]) AND (constipation[Title/Abstract] OR bowel[Title/
Abstract] OR intestin*[Title/Abstract] OR enteric[Title/Abstract] OR stool[Title/Abstract]
OR abdominal[Title/Abstract] OR abdomen[Title/Abstract]).

EMBASE: (actinidia:ti,ab,kw OR kiwifruit:ti,ab,kw OR kiwi:ti,ab,kw OR ‘chinese
gooseberry’:ti,ab,kw) AND (constipation:ti,ab,kw OR intestinal:ti,ab,kw OR enteric:ti,ab,kw
OR bowel:ti,ab,kw).

Cochrane Library: ‘kiwifruit’ in Title Abstract Keyword AND ‘constipation’ in Title
Abstract Keyword-(any word variations were searched).

No database filters were applied to keep the search strategy as wide as possible.

https://osf.io/4qbxh
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2.4. Selection Process

One investigator (M.A.) screened all the items retrieved after database search by their
title and abstract. The other investigator (D.D.) performed a double check on articles
eligible for a full-text assessment.

2.5. Data Collection Process

One investigator (M.A.) manually extracted data from studies eligible for inclusion
with an Excel spreadsheet. The other investigator (D.D.) randomly performed a double
check to ensure data integrity.

2.6. Data Items and Effect Measures

The most important data items extracted from studies included in the review were the
patients’ characteristics, the specific study design, any relevant details of intervention and
control, as well as gastrointestinal outcome measures regarding defecation frequency and
stool consistency (mean differences).

2.7. Study Risk of Bias Assessment

Controlled trials eligible for inclusion were evaluated with the help of the Jadad
score [25]. Each study was assigned an overall number ranging from −1 to 5 on the basis
of its methodological quality: trials scoring 3 or more were considered of high quality,
whereas studies characterised by a lesser score were judged as of low quality [26]. Even
though the Jadad score criteria strictly require high-quality trials to be double-blinded,
a single-blind design was considered as sufficiently sound from a methodological point
of view, because of the actual impossibility to fully conceal a dietary intervention such
as kiwifruit consumption. The risk-of-bias assessment was used to inform the review
discussion.

2.8. Synthesis Methods

First, data were qualitatively synthesised and critically discussed. Then, it was decided
to perform a meta-analysis of available study results. The following PICOS criteria were
applied for article inclusion in the quantitative synthesis:

• P (population): patients suffering from chronic constipation or healthy participants
(only per-protocol and no-intention-to-treat study populations were considered);

• I (intervention): kiwifruit dietary consumption;
• C (comparison): kiwifruit-free diet/placebo pills/control drinks or sources of fibre

intake other than kiwifruits (these two study categories were kept separated in a
dedicated subgroup analysis);

• O (outcomes): defecation frequency or bowel movements per time period (day or
week). It was decided not to meta-analyse data about stool consistency because of
heterogeneous outcome measures;

• S (study design): randomised controlled trials.

Means and standard deviations were extracted from trials included in the quantitative
synthesis. When missing, standard deviations were imputed from standard errors, as
per recommendations issued by the Cochrane Collaboration [27]. Standardised Mean
Difference (SMD) was used as a summary statistic in the meta-analysis, and a random-
effects model was adopted to better account for heterogeneity among studies. The Hartung–
Knapp–Sidik–Jonkman method was chosen since it outperforms the standard DerSimonian–
Laird method [28]. Hedges’ g was selected as a measure of effect size and statistical
heterogeneity was quantified with I2. The threshold for statistical significance was set at
p < 0.05. A subgroup analysis was performed to explore any significant changes in the
effect size of intervention when compared with different control types. The entire analysis
was performed with R, a software for statistical computing, and its results were graphically
displayed with a forest plot.
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2.9. Reporting Bias Assessment

In case of missing information, it was planned to contact study authors by email.
However, there was no need to resort to this method for collecting essential data.

2.10. Certainty Assessment

The certainty in the body of evidence regarding the efficacy of intervention for con-
stipation was evaluated with the internationally recognised four-tier (A, B, C, D) grade
system [29].

3. Results
3.1. Qualitative Results

In total, 229 articles (PubMed: 85; EMBASE: 106; Cochrane Library: 38) were retrieved,
and eight of them, describing nine clinical studies, were considered eligible for inclusion in
this review [30–37]. The PRISMA flow diagram summarising the article selection process
is displayed in Figure 1. Three studies that initially appeared to fulfil the PICOS criteria
were then excluded because they described laboratory experiments rather than clinical
trials [19–21]. The essential characteristics and results of included studies are summarised
in Table 2.
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Table 2. Summary and quality of evidence from included studies about kiwifruit consumption for constipation.

Study ID Population
Study Participants’

Diseases §

Lifestyle Habits
Prescribed during the

Study Period
Drugs

Allowed
Drugs

Excluded
Differences

between Groups at
Baseline

Intervention Comparison
Outcomes (Mean ± SD

Unless Otherwise
Indicated)

Study
Design

Jadad
Score Reference

A

11 healthy
subjects

(8F/3M), age
range: 18–23

None (absence of
gastrointestinal

symptoms)

Low-flatulogenic diet
excluding legumes,
vegetables, garlic,
onion, cucumber,

nuts, cereals,
whole-meal bread,
and fizzy drinks

− − No (cross-over
design)

2 peeled GKs
every day for

2 weeks

No
intervention

BMs/day (int. vs. con.)
(mean ± SE): 1.8 ± 0.1

vs. 1.5 ± 0.1 (*)
SC (int. vs. con.)

(mean ± SE): 3.3 ± 0.2
vs. 2.8 ± 0.1 (*)

Cross-over
RCT (2-week

washout
period)

4 [30]

B

19 healthy
subjects + 19
patients with

IBS-C
(27F/11M), age

range: 22–65

None or IBS-C
diagnosed

according to the
Rome III criteria

(patients with
severe or unstable
health conditions
were excluded)

Fibre
supplements-free diet
and no laxatives for at

least 2 weeks before
starting the study and
during the entire trial

period

Antidepre-
ssants,

opioids, anti-
inflammatory

drugs,
anti-diabetic

agents

Others,
including
laxatives

No (cross-over
design)

3 peeled YKs
every day for

4 weeks

3 unpeeled
YKs every day

for 4 weeks

-Healthy subjects
(peeled YKs):

CBMs/week (int.): from
9.7 ± 5.6 to 9.7 ± 5.6

SC (int.): from 3.3 ± 0.7
to 4.0 ± 1.0 (*)

-Patients with IBS-C
(peeled YKs):

CBMs/week (int.): from
6.7 ± 4.8 to 8.7 ± 6.9

SC (int.): from 3.5 ± 1.0
to 3.9 ± 1.0

Cross-over
RCT (4-week

washout
period)

2 [31]

C

32 patients
with

constipation
(32F/0M), age
range: 21–65

Mild constipation
(patients with

severe or unstable
health conditions
were excluded)

No (cross-over
design)

3 peeled YKs
every day for

4 weeks

Dietary fibre
(Metamucil®):

5 g/day for
4 weeks

CBMs/week (int.): from
4.2 ± 3.1 to 6.9 ± 4.3 (*)

CBMs/week (int. vs.
con.): 6.9 ± 4.3 vs.

5.5 ± 4.2
SC (int.): from
3.24 ± 1.13 to
4.15 ± 1.26 (*)

SC (int. vs. con.):
4.15 ± 1.26 vs.
3.52 ± 1.27 (*)

Cross-over
RCT (4-week

washout
period)

4 [32]

D

14 healthy
subjects

(6F/8M), age
range: 21–33

None (patients with
gastrointestinal

disorders, recent
surgery, or

contraindications to
MRI scans were

excluded)

Abstinence from
caffeine, alcohol, and
strenuous exercise for
at least 48 h prior to
outcome assessment

−
Medications

affecting
intestinal
motility

No (cross-over
design)

4 peeled GKs
every day for

3 days

A control drink
once a day for

3 days

DF/day (int. vs. con.):
1.46 ± 0.66 vs.
1.14 ± 0.46 (*)

SC (int. vs. con.):
significantly softer

stools in the GK arm
(*)-results only

graphically displayed.

Cross-over
RCT (15-day

washout
period)

3 [33]
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Table 2. Cont.

Study ID Population
Study Participants’

Diseases §

Lifestyle Habits
Prescribed during the

Study Period
Drugs

Allowed
Drugs

Excluded
Differences

between Groups at
Baseline

Intervention Comparison
Outcomes (Mean ± SD

Unless Otherwise
Indicated)

Study
Design

Jadad
Score Reference

E

20 healthy
subjects +

33 patients
with

constipation
(42F/11M),

age:
49.9 ± 12.0

None or chronic
constipation lasting

for at least 6
(patients with

unstable or severe
health conditions

were excluded,
along with
pregnant or

breastfeeding
women, and

subjects unable to
understand

Chinese)

Average dietary
pattern (China) and

no changes in
physical activity
levels during the

study period

Laxatives
(their use

among
patients was

recorded)

− Yes (case–control
study)

2 peeled GKs
every day for

4 weeks
administered

to patients
with

constipation

The same
intervention in

healthy
subjects

-Healthy subjects:
CBMs/week (int.): from
6.5 ± 1.6 to 7.1 ± 2.2 (*)
SC (int.): from 4.0 ± 0.9

to 4.2 ± 0.8
-Patients with
constipation:

CBMs/week (int.): from
2.2 ± 2.6 to 4.4 ± 4.6 (*)
SC (int.): from 3.1 ± 1.9

to 3.3 ± 1.2

Case control
study − [34]

F

79 patients
with chronic
constipation

(69F/10M), age
range: 18–76

IBS-C diagnosed
according to the
Rome IV criteria

with chronic
constipation lasting

for at least
3 months (patients
with unstable or

severe health
conditions were
excluded, along
with pregnant

women and
subjects taking
probiotics or

antibiotics for any
reason)

Avoid any changes in
dietary habits and

other sources of
kiwifruit, prunes, or

psyllium

−

Probiotics,
antibiotics,

opioids,
laxative

drugs, and
supplements

No, except for the
abdominal pain

score (higher in the
kiwifruit group)

2 peeled GKs
every day for

4 weeks
(n = 30)

Con. 1: 100 g
prunes every
day (n = 26)
Con. 2: 12 g

psyllium every
day (n = 23) for

4 weeks

-CBMs/week: no
significant difference

between groups (mean).
Int.: from 1.2 to 2.2 (*)

Con. 1: from 1.0 to 3.7 (*)
Con. 2: from 1.1 to 2.8 (*)

-SC: no significant
difference between

groups (mean).
Int.: from 3.2 to 3.6 (*)

Con. 1: from 3.1 to 3.6 (*)
Con. 2: from 2.9 to 3.1

RCT 3 [35]

G

16 healthy
subjects +

54 patients
with IBS-C
(65F/5M),
mean age:

20–30

None or IBS-C
diagnosed

according to the
Rome III criteria
(patients using

laxatives or who
underwent recent

surgery were
excluded)

Average dietary
pattern (Taiwan) and

no changes in
physical activity
levels during the

study period

−

Laxatives,
dietary sup-
plements,

and fortified
foods

Yes (defecation
frequency was
lower among

patients with IBS if
compared with

healthy controls)

2 peeled GKs
every day for

4 weeks

2 placebo
capsules every

day for
4 weeks

DF was significantly
higher in the IBS-C int.
group compared to the
IBS-C con. group after
1 week of treatment (*).
However, DF was still
significantly lower in
the IBS-C int. group
compared to healthy

controls after 2 weeks of
treatment.

No significant difference
between groups was

observed in faecal
volume changes.

Placebo-
controlled

trial
1 [36]
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Table 2. Cont.

Study ID Population
Study Participants’

Diseases §

Lifestyle Habits
Prescribed during the

Study Period
Drugs

Allowed
Drugs

Excluded
Differences

between Groups at
Baseline

Intervention Comparison
Outcomes (Mean ± SD

Unless Otherwise
Indicated)

Study
Design

Jadad
Score Reference

H

48 healthy
subjects

(30F/18M),
age: 33 ± 1

None

Average dietary
pattern (New

Zealand) and no
changes in physical

activity levels during
the study period

− − No (cross-over
design)

1 GK for every
30 kg of body
weight on a

daily basis for
3 weeks

A
kiwifruit-free

diet for
3 weeks

Intervention
significantly decreased

SC (*) without
significant variations in

CBMs (mean ± SE).
Pre-cross-over period

(int. vs. con.):
DF: 1.40 ± 0.04 vs.

1.18 ± 0.04
SC: 2.34 ± 0.03 vs.

2.90 ± 0.03
Post-cross-over period

(int. vs. con.):
DF: 1.26 ± 0.04 vs.

1.29 ± 0.03
SC: 2.84 ± 0.03 vs.

2.59 ± 0.03

Cross-over
RCT (no
washout
period)

2 [37]

I

38 healthy
subjects

(25F/13M),
age > 60 years

old

None (patients with
severe health
conditions or

unable to provide
reliable feedback
due to marked

cognitive decline
were excluded)

Laxatives
(their use

among
patients was

recorded)

− No (cross-over
design)

Intervention
significantly increased

DF and decreased SC (*)
(mean ± SE).

Pre-cross-over period
(int. vs. con.):

DF: 1.24 ± 0.11 vs.
1.17 ± 0.07

SC: 2.59 ± 0.10 vs.
2.69 ± 0.09

Post-cross-over period
(int. vs. con.):

DF: 1.24 ± 0.11 vs.
1.43 ± 0.11

SC: 2.83 ± 0.08 vs.
2.28 ± 0.11

Cross-over
RCT (no
washout
period)

* Significant difference (p < 0.05). § Intolerance or allergy to kiwifruits was an obvious exclusion in all studies. Legends: BMs = bowel movements. CBM = complete bowel movements. Con. = control.
DF = defecation frequency. F = female participants. GK = green kiwifruit. IBS-C = irritable bowel syndrome–constipation. Int. = intervention. M = male participants. MRI = magnetic resonance imaging.
RCT = randomised controlled trial. SC = stool consistency (Bristol score). YK = yellow kiwifruit.
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The number of study participants was quite limited within included studies and
ranged from a minimum of 11 to a maximum of 79 (median: 20). The number of female
subjects (n = 304) exceeded that of male individuals (n = 79) nearly fourfold. Nutritional and
lifestyle habits of study participants, along with potential confounding factors (medicinal
drugs and dietary supplements, criteria for enrolment and exclusion of patients, significant
differences between groups at baseline), are also reported in Table 2. In particular, laxatives
were not allowed in trials B, C, D, F, and G, whereas in the remaining studies these drugs
were permitted, but their use was recorded in a diary. In two studies, a reduced laxative
use over time was observed in the kiwifruit groups [34,37]. Study participants assigned to
intervention groups were asked to consume two to four peeled kiwifruits every day for a
period of time ranging from three days to four weeks, depending on specific experimental
protocols. In two studies yellow kiwifruits were used [31,32], while in the other trials, only
green kiwifruits were administered. Control groups were quite heterogeneous and included
placebo pills, other sources of natural fibre, or no intervention, as described in Table 2. Study
participants were healthy adults or subjects dealing with chronic constipation, mostly due
to IBS. One study was specifically designed to study the effects of kiwifruit consumption
in elderly subjects [37]. Most included trials were controlled interventional studies with
a cross-over design. In seven out of nine studies, the intervention was associated with
a significant increase in complete bowel movements or defecation frequency [30,32–37];
in seven out of nine studies, the intervention was associated with a significant decrease
in stool consistency (see Tables 3 and 4 for further details) [30–33,35,37]. Studies A, C,
D, and F were characterised by a good methodological quality (Jadad score ≥ 3), thus
providing the highest level of available scientific evidence (Table 2). In general, potential
sources of bias mostly arose from poor information about randomisation procedures and
the impossibility to blind participants to study interventions. No major bias from missing
or omitted results was identified.

Table 3. Summary of statistically significant (p < 0.05) study results in favour of kiwifruit-based interventions administered
to healthy subjects.

Study ID Population (n) N of Fruits Duration

Significant Change from
Baseline within

Intervention Groups

Significant Post-Test
Difference between Groups

(Int. vs. Con.) Reference

DF/CBMs SC DF/CBMs SC

A 11 2/day 2 weeks Yes (*) Yes (*) [30]

B 19 3/day 4 weeks No Yes (*) [31]

D 14 4/day 3 days Yes (*) Yes (*) [33]

E 20 2/day 4 weeks Yes (*) No [34]

H 48
2–3/day 3 weeks

No Yes (*)
[37]

I 38 Yes (*) Yes (*)

* Significant difference (p < 0.05). Legends: CBM = complete bowel movements. Con. = control. DF = defecation frequency.
Int. = intervention. SC = stool consistency (Bristol score).

3.2. Quantitative Results

Only five trials were included in the meta-analysis [30,32,33,36,37]. One study was
excluded because of its design (case–control study) [34], another one because its control
group did not match inclusion criteria (unpeeled kiwifruit consumption) [31], and the
last one was ruled out from the meta-analysis since, apart from mean values, neither
standard deviations nor standard errors were available [35]. Studies labelled as H and I
were reported as different entries (H1, H2, I1, I2) because pre- (H1, I1) and post- (H2, I2)
cross-over results were displayed separately in the original article, and therefore, they could
only be considered different trials in our quantitative synthesis. The forest plot with study
data, sub-group, and overall results are reported in Figure 2. The main result indicated
that intervention can significantly increase defecation frequency (g = 0.576; 95% CI: (0.174;
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0.978); p = 0.012). However, when compared with other sources of fibre, no significant
difference was found. The level of statistical heterogeneity among the trials was quite
significant (I2 = 51%). A meta-regression to quantitatively identify any potential moderators
of the effect was not feasible because the number of trials was too low (a minimum of
10 studies is required according to widely accepted methodological standards).

Table 4. Summary of statistically significant (p < 0.05) study results in favour of kiwifruit-based interventions administered
to patients with chronic constipation, mostly related to IBS.

Study ID Population (n) N of Fruits Duration

Significant Change from
Baseline within

Intervention Groups

Significant Post-Test
Difference between Groups

(Int. vs. Con.) Reference

DF/CBMs SC DF/CBMs SC

B 19 3/day 4 weeks No No [31]

C 32 3/day 4 weeks Yes (*) Yes (*) No Yes (*) [32]

E 33 2/day 4 weeks Yes (*) No [34]

F 79 2/day 4 weeks Yes (*) Yes (*) No No [35]

G 54 2/day 4 weeks Yes (*) No [36]

* Significant difference (p < 0.05). Legends: CBM = complete bowel movements. Con. = control. DF = defecation frequency.
Int. = intervention. SC = stool consistency (Bristol score).
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was selected as a measure of effect size.

4. Discussion
4.1. A critical Overview of Qualitative–Quantitative Evidence

The cross-over design characterising the majority of included trials may weaken the
strength of available evidence and lead to potential under- or over-estimation of the effects
of intervention when the ‘order’ and ‘carry-over’ biases are not properly taken into account
with adequately long wash-out periods [38]. In all but two cross-over trials (H and I) [37],
the washout period lasted 2 or more weeks in order to avoid the carry-over effect, and
study participants were asked not to introduce any significant lifestyle changes in that
period. Trial protocols did not always account for any potential confounding factors, but,
at least, laxative use was either prohibited or recorded, thus controlling the impact of these
medications on study results (Table 2).
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In most included studies, regardless of their experimental design, a significant pre–
post improvement was detected in terms of either defecation frequency or stool consistency.
When patients affected by constipation were considered, kiwifruit consumption was likely
associated with a short-term significant increase in defecation frequency but not always
with significant changes in stool consistency (Table 4). Positive results were found both
in adult participants and in elderly ones [37]. Available data mostly referred to female
subjects, as male individuals were quite underrepresented across included trials, but it
should be considered that chronic constipation has a much higher prevalence among
women [39], thus justifying these gender differences in enrolment criteria. Significant
differences between groups in favour of intervention were reported when kiwifruit con-
sumption was compared with placebo or a kiwifruit-free diet [30,36,37]. No significant
differences were found between kiwifruit-based interventions and regular intake of other fi-
bre sources such as psyllium or prunes, especially in patients with chronic constipation [35].
These results were also supported by studies characterised by the highest methodological
quality [30,32,33,35] and confirmed by the meta-analysis, in which kiwifruit consumption
determined a significant increase in defecation frequency, as observed with the intake
of any other sources of fibre. In one study, stool consistency significantly decreased in
the kiwifruit group when compared with the fibre group [32]: this may be due to other
biochemical components of kiwifruits (water, vitamins, and minerals), which can positively
influence gut health, hydration, and increase faecal volume. Results of two clinical trials
briefly described in conference proceedings appeared in line with that stated above, thus
underscoring once more that kiwifruit consumption can improve stool frequency in healthy
volunteers and promote digestive functions in patients with constipation [40,41]. Available
study results describe the effects of regular kiwifruit consumption, when, for example, a
minimum of two fruits are eaten on a daily basis for several weeks, while no data were
retrieved for intestinal effects due to occasional intake. Provided that a meta-regression
was not feasible, it is only possible to formulate a few hypotheses about the impact of
any potential moderators of the effect on study outcomes: if we only consider healthy or
sub-healthy adults, interventions appear to work regardless of individual gender and age,
and there seems to be no linear dose–response relationship between kiwifruit quantity (2, 3
or 4/day) and defecation frequency (this is in line with existing evidence about fibre effects
on intestinal motility [42]). The effect of treatment duration may play a role as well, but it is
unclear how it can impact intestinal functions in the long run because available studies are
characterised by relatively short follow-up periods. Interestingly, in one study, kiwifruit
consumption was associated with reduced levels of TNF-alpha, a pro-inflammatory cy-
tokine, both in patients with IBS and in healthy subjects, thus suggesting the existence of
physiological effects beyond intestinal motility promotion [31].

If strengths, quality, consistency, plausibility, and limitations of existing studies are
globally evaluated, it is possible to affirm that there is moderate evidence (GRADE B)
in support of the efficacy of kiwifruit to promote intestinal motility and to alleviate con-
stipation. As a practical recommendation, adding two kiwifruits to the daily diet of a
patient with chronic constipation of functional aetiology can be a useful starting point
to help improve defecation frequency. It is possible to increase the number of kiwifruits
eaten every day (never exceeding the threshold of four kiwifruits a day) and to follow
this recommendation for 2–4 weeks, possibly repeating it over time if chronic constipation
persists.

4.2. Mechanism of Action

Pharmacological mechanisms of action and regulation of intestinal functions induced
by kiwifruit are not fully known to date [10]. In general, several components of kiwifruits
have been hypothesised to have a role in improving digestive health: natural fibre can
increase stool volume, decrease transit time, and influence intestinal microflora composition
in such a way as to augment enteric functionality; actinidin has a well-known proteolytic
activity; raphides (oxalate crystals) may increase mucin production; water and minerals
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can reduce stool consistency and promote intestinal motility; phenolic compounds and
vitamin C can have direct antioxidant, immune-modulating, and anti-inflammatory effects
on the gut barrier [10,43–46]. Combined together, these effects can help ease constipation,
especially in patients with IBS.

4.3. Safety and Tolerability of Intervention

Kiwifruit consumption is quite well tolerated, provided that the consumer is not
allergic to its components (cross-reactivity and association with hypersensitivity to pollen,
latex, or other exotic foods have been reported in the scientific literature and should always
be kept in mind) [47]. In experimental settings, at a maximum dose of four kiwifruits
a day, diarrhoea was not reported by study participants [22]. Nevertheless, excessive
fruit consumption well above the nutritional intake studied in available trials (i.e., more
than four kiwifruits a day) may cause intestinal discomfort, diarrhoea, as well as reduced
absorption of other nutrients, since very high fibre intake has been reported to sometimes
cause these side effects [48,49]. The average content of Vitamin K in kiwifruits (40.3 µg per
100 g of raw green fruit [4]) should be taken into account when planning a diet for patients
who regularly take warfarin and other vitamin K antagonists.

4.4. Study Limitations

In general, the number of relevant studies was quite low, possibly because this topic
has mostly been investigated in recent years. Available trials involved a limited number
of participants, and some of them were lacking a full description of their methodological
details. Overall, publication bias cannot be fully excluded.

5. Conclusions

In conclusion, moderate-quality evidence suggests that kiwifruit dietary consumption
can significantly improve complete bowel movements per week and decrease stool con-
sistency. Even though this effect is likely due to the high fibre content of kiwifruits, their
consumption can have beneficial effects beyond a mere physiological action on intestinal
motility, including a mild anti-inflammatory and antioxidant effect on the gut barrier.
Nevertheless, additional studies are recommended to strengthen the consistency of current
evidence with larger trials and to further investigate any disease- and patient-related pre-
dictors of efficacy of this dietary recommendation, since kiwifruits and their derivatives
may be a precious resource in clinical nutrition, especially for elderly care. In particular,
it would be useful to achieve adequate study power with sufficiently large sample size,
as recommended in two trials indicating that at least from 15 to 22 subjects per study arm
are required to demonstrate a statistically significant change, if any [33,37]. More clinical
trials should be designed to better investigate the long-term effects of kiwifruit regular
consumption and should include a greater diversity of participants in terms of age, gender,
and lifestyle characteristics. Future research is also advised to thoroughly evaluate the
interaction between kiwifruit consumption and gut microbiota modulation, which is of
great interest for preventive and clinical purposes.
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