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Background: Kiwifruit seems to have beneficial effect on metabolic health because it contains
abundant phytochemicals and antioxidants. This study aimed to assess the effect of kiwifruit on
metabolic health in participants with cardiovascular risk factors.

Methods: Literature was searched from PubMed, CENTRAL, Cumulative Index to Nursing
and Allied Health Literature, Web of Science, Scopus, Proquest, Latin American and Carib-
bean Health Sciences Literature, International Clinical Trials Registry Platform, Australia
New Zealand Clinical Trials Registry, https://clinicaltrials.gov/, China National Knowledge

Infrastructure, Wanfang Standards Database, European Association for the Study of Diabe-
tes, and American Diabetes Association conferences up to August 2018. Citing references
were manually searched. Randomized controlled trials were selected if they evaluated
the effect of kiwifruit in patients with cardiovascular risk factors and reported SBP, DBP,
total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), glycated hemoglobin (A1C), fasting plasma
glucose (FPG), homeostasis model assessment of insulin resistance (HOMA-IR), 2-hour
postprandial glucose, or body weight (BW). Data extraction and study quality assessment
were performed independently by two investigators. Any inconsistencies were resolved
by a third investigator. Treatment effect was estimated with mean difference (MD). Effect
estimates were pooled using inverse-variance weighted method. Heterogeneity was assessed
by the /2 and Q statistic.

Results: Five randomized controlled trials involving 489 participants met the inclusion criteria.
These included hypercholesterolemia, hypertension, type 2 diabetes mellitus, and male smok-
ers. There was no effect of kiwifruit on SBP (MD, —1.72 mmHg; 95% CI: —4.27 to 0.84); DBP
(MD, —-2.35 mmHg; 95% CI: —5.10 to 0.41); TC (MD, —0.14 mmol/L; 95% CI: —0.71 to 0.43);
TG (MD, —0.23 mmol/L; 95% CI: —0.66 to 0.20); LDL-C (MD, —0.41 mmol/L; 95% CI: —0.99
to 0.18); HDL-C (MD, 0.15 mmol/L; 95% CI: —0.18 to 0.48); FPG (MD, —0.08 mmol/L; 95%
CI: —0.37 to 0.21); HOMA-IR (MD, —0.29; 95% CI: —0.61 to 0.02), and BW (MD, —1.08 kg;
95% CI: 4.22 t0 2.05).

Conclusion: This meta-analysis suggested no effect of kiwifruit on metabolic health in patients
with cardiovascular risk factors, although there seemed to be a trend of improvement after
kiwifruit intervention.

Keywords: Actinidia, metabolic diseases, lipid, cholesterol, blood glucose, blood pressure

Introduction
Metabolic health has been defined in many different ways. Metabolic abnormalities
include obesity, dyslipidemia, hypertension, insulin resistance, and proinflammatory
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status.' There were ~83.5 million cases of cardiovascular
disease (CVD) in European countries in 2017, and there were
around 11 million new cases that increased steadily compared
to 1990.2 The risk factors of CVD are nonmodifiable and
modifiable. Nonmodifiable risk factors include increased age,
male sex, and family history of CVD. Modifiable risk fac-
tors consist of high cholesterol, high low-density lipoprotein
(LDL) and triglycerides (TGs), high blood pressure, diabetes,
smoking, obesity, and excessive alcohol consumption.>*
There are currently several varieties of medications being
prescribed for metabolic disease management. However,
pharmacotherapy not only exerts positive effects but also
brings unexpected adverse effects. Therefore, attempts have
been made to find alternative management, such as fruit
products, to help patients deal with metabolic problems.
Kiwifruit is also known as “mihoutao” in Chinese or
Actinidia. It is a member of Ericales order, Actinidiaceae
family, genus Actinidia.® The genus Actinidia is variable,
containing around 60 species.®’ Kiwifruit contains fat,
carbohydrates (sugar and dietary fiber), protein (lutein and
zeaxanthin), vitamins A, B, C, E, and K, minerals, flavonoid,
polyphenols, inositol, and carotenoids. Being rich in vitamins
and antioxidants, it seems helpful for metabolic health. Some
animal studies have tested the effect of kiwifruit on blood
glucose. For example, a 1-week study was conducted in 30
wistar male rats.® Rats were divided into five groups (six rats
per group [G], G1: nondiabetic control, G2: alloxan-induced
diabetic control, G3: diabetic rats given Actinidia deliciosa
extract 500 mg/kg, G4: diabetic rat given A. deliciosa extract
1,000 mg/kg, and G5: diabetic rats given metformin 10 mg/
kg). Both concentrations of A. deliciosa fruit extract were
reported to decrease blood glucose level significantly com-
pared to diabetic control group (G3: 186 mg/dL, G4: 151.2
mg/dL vs G2: 269 mg/dL, P<0.001).% A clinical study of kiwi-
fruit intervention was performed in hyperlipidemic patients.’
Participants consumed two kiwifruits (100 g each) per day
for 8 weeks and were found to have significant increase
in high-density lipoprotein-cholesterol level compared to
baseline. However, no significant differences were detected
between baseline and final assessment for triacylglycerol,
total cholesterol (TC), and LDL cholesterol. Another random-
ized crossover study was aimed to assess whether kiwifruit
decreased platelet activity and lipid profile in healthy vol-
unteers.'® It was reported that consumption of two or three
kiwifruits per day for 28 days significantly reduced TG level
by 15% compared to control group. No effect was detected
with cholesterol levels. Several other trials were conducted

to evaluate the effects of kiwifruit on metabolic health. We,
therefore, performed a systematic review and meta-analysis
in an attempt to assess the effect of kiwifruit on metabolic
parameters in participants with cardiovascular risk factors.

Methods

A systemic review and meta-analysis was conducted follow-
ing PRISMA guideline.!!

Data sources

Studies that assessed the effect of kiwifruit on metabolic health
in patients with cardiovascular risk factors were selected. Lit-
erature search was conducted from the respective inception
until August 2018 without language restriction. The following
databases were searched: PubMed, CENTRAL, Cumulative
Index to Nursing and Allied Health Literature, Web of Science,
Scopus, Proquest, Latin American and Caribbean Health Sci-
ences Literature, International Clinical Trials Registry Plat-
form, Australia New Zealand Clinical Trials Registry, https://
clinicaltrials.gov/, China National Knowledge Infrastructure,
and Wanfang Standards Database. European Association for
the Study of Diabetes and American Diabetes Association
conferences were also scanned. The historical search of related
citations was conducted. Non-English language literatures
were translated into English. Search strategy was performed
using medical subject headings (MeSH) terms: Actinidia,
metabolic diseases, diabetes mellitus, cholesterol, lipids,
dyslipidemias, hypertension, blood pressure, blood glucose.
This was followed by keyword search using the following
keywords: kiwifruit, Actinidia chinensis, Actinidia deliciosa,
Actinidia arguta, Actinidia kolomikta, fasting plasma glucose,
2-hour postprandial glucose, and A1C.

Selection criteria

Studies were included in the systematic review if they were
1) randomized controlled trials that evaluated the effect of
kiwifruit in participants with cardiovascular risk factors,
including hypertension, dyslipidemia, type 2 diabetes mel-
litus (T2DM), and smoking, and 2) reporting outcomes
containing SBP, DBP, glycated hemoglobin (A1C), fasting
plasma glucose (FPG), 2-hour postprandial glucose (2-h PG),
body weight (BW), homeostasis model assessment of insulin
resistance (HOMA-IR), TC, TG, HDL, or LDL.

Data extraction
Standardized form was used to extract data from individual
studies, for example, author, publication year, study design,
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participants’ characteristics, number of participants, treat-
ment duration, intervention, comparators, and outcome
measures. Two reviewers extracted data independently (WL,
NP). Discrepancies were resolved by a third reviewer (NS).

Quality assessment

Methodologic quality of each study was assessed using the
Cochrane risk of bias tool.!? The risk-of-bias domains encom-
pass random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting,
and other bias. Results of bias were judged as high risk, low
risk, or unclear risk. Study quality assessment was performed
independently by two investigators (WL, NP). Inconsistencies
were resolved by a third reviewer (NS).

Statistical analyses

Meta-analysis was conducted for SBP, DBP, TC, TG, LDL,
HDL, FPG, HOMA-IR, and BW. Treatment effect was esti-
mated with mean difference (MD) in the final assessment
between kiwifruit and control groups. The inverse-variance-
weighted method was used for pooling MD and estimating
95% CI. When mean or SDs were not available, they were
computed from the available statistical data using appropriate
formula.'>* Q statistic was used to assess the existence of
heterogeneity and the cutoff of significant level was P<0.1.
If heterogeneity was nonsignificant, the fixed-effects model
was used, otherwise the random-effects model was used. I
statistic was used to quantify the degree of heterogeneity. If
I? values were 50% or more, then substantial heterogeneity
was considered. Subgroup analysis included limiting to stud-
ies in hypertensive patients, whole kiwifruit, and treatment
duration of at least 8§ weeks, when data available. Analysis of
data was undertaken with Review Manager Software (Rev-
Man 5.3.5). We planned to detect reporting bias by funnel
plot and Egger’s test.!* However, as the number of studies
included in each meta-analysis was small, funnel plot and
Egger’s test were eventually not performed.

Results

Search results and study characteristics

Figure 1 illustrates the procedure of studies selection.
A total of 642 citations were initially identified. Three
hundred forty-four records were screened after duplicates
were removed. After screening titles and abstracts, 15 full-
text articles were retrieved for eligibility analysis. Three
studies®!%!” were excluded for being nonrandomized design.

Four reports enrolled the same patients, but reported differ-
ent outcomes.'*2! Only study that reported outcomes most
relevant to our meta-analysis, that is, SBP, DBP, TC, TG,
LDL, HDL, FPG, HOMA-IR, and BW, was included.? The
remaining three reports were excluded.!®!*?! Four studies
were further excluded because they enrolled subjects with
other conditions, for example, allergic diseases and consti-
pation.???* Finally, five randomized controlled trials met the
inclusion criteria and were included in this systematic review
and meta-analysis.?**?° One study enrolled hypercholester-
olemic subjects.?’ Two trials were conducted in hypertensive
patients,?? one each in T2DM?? and male smokers.?’ Study
period ranged from 4 weeks to 9 months. Kiwifruit prepara-
tions used in each trial varied widely. Three trials used kiwi-
fruit of 4. deliciosa,”*?’* and one study each used kiwifruit
juice of A. chinensis®® and kiwifruit capsules.? Four studies
practically evaluated kiwifruit vs placebo,?¢-8 although in
two studies healthy or habitual diet was followed in both the
treatment and the control groups.”>*” One study assessed
kiwifruit against apple.” One trial recruited subjects from
New Zealand.? Two trials each were conducted in China?¢?
and Norway.?’* Four trials were published in English?**"-*
and one in Chinese.?® The characteristics of the included
studies are presented in Table 1.

Risk of bias in the eligible studies

Two studies mentioned how to generate random number.?**
Only one study described proper allocation concealment,®
and the others were of unclear risk of selection bias.?%2-28
Blinding of participants and personnel was undertaken in
one study.”” Two studies®®?’ were open-label. Blinding of
outcome assessors was unclear in all studies. The risk of
attrition, reporting, and other biases were considered to be
low in all studies. Risk-of-bias graph and summary are shown
in Figures 2 and 3.

Effect on blood pressure
The pooled result from four studies?*?%?"? illustrated that
kiwifruit did not affect both SBP and DBP compared to con-
trol, with MD of —1.72 mmHg (95% CI: —4.27 to 0.84) and
—2.35 mmHg (95% CI: -5.10 to 0.41), respectively (Figure 4).
Three studies contributed data for subgroup analysis in
hypertensive patients.??”? Of these three studies, two were
exclusively conducted in hypertensive patients,?** and one
included a subgroup of hypertensive patients.”” Again, no
effect was observed on both SBP (-3.14 mmHg, 95% CI
—7.18t00.91) and DBP (-1.68 mmHg, 95% CI—4.04 to 0.67).
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Articles identified through
database searching

Duplicates removed (n=298)

Articles screened (n=344)

Records excluded (n=329)

Full-text articles for eligibility
evaluation (n=15)

Full-text articles excluded, with reasons (n=10)

— Not randomized controlled design (n=3)

— Same study with different objectives (n=3)

— Patients with other conditions (n=4)

Studies included in qualitative
synthesis (n=5)

Studies included in meta-
analysis (n=5)

Figure | Flow diagram of studies selection.

Effect on lipid profile

Four studies were included in the meta-analysis of TC and
TG, and three studies provided data for the meta-
analysis of LDL and HDL.?*?"%® No effect of kiwifruit was
observed on lipid profile (TC —0.14 mmol/L, 95% CI -0.71
t0 0.43; TG —0.23 mmol/L, 95% CI-0.66 to 0.20; LDL —0.41
mmol/L, 95% CI —0.99 to 0.18; HDL 0.15 mmol/L, 95%
CI -0.18 to 0.48) (Figure 5). Subgroup analysis limiting to
studies of whole kiwifruit and duration of intervention of at
least 8 weeks again revealed no such effect of kiwifruit on
TC, TG, LDL, and HDL (Table 2).

Effect on glycemic outcomes

Pooled data from three trials?***?® showed no significant
effect of kiwifruit in reducing FPG. Two studies provided
poolable data on HOMA-IR.2*? Kiwifruit exerted no effect
on HOMA-IR compared with control (Figure 6). Only one
study measured and reported A1C and 2-h PG.?® No statistical

differences in A1C (8.4% + 1.9% vs 8.5% % 1.6%) and 2-h
PG (14.0 £3.2 mmol/L vs 13.9 = 3.4 mmol/L) were detected
between the two groups at the end of study period.?®

Effect on BW

BW was reported among three trials.?**? BW did not change
with kiwifruit compared to control (MD —1.08 kg, 95% CI
—4.22 to0 2.05) (Figure 6C).

Discussion

Kiwifruit contains abundant antioxidants, such as vitamin
C, carotenoids, flavonoids, and phenolic components. These
components are protective against CVD. Vanillic acid, skim-
metin, isoscopoletin, sitogluside, fraxetin, emodin, (+)-cat-
echin, questin, stearic acid, and quercetin were identified in
A. chinensis Planch.* Flavonoids quercetin has been shown
to possess angiotensin I-converting enzyme (ACE) inhibition
activity.?! In addition, aqueous and 70% ethanol extracts of
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Blinding of participants and personnel (performance bias

Incomplete outcome data (attrition bias

)
)
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Blinding of outcome assessment (detection bias)
)
)

Selective reporting (reporting bias

Other bias

Low risk of bias

Figure 2 Risk-of-bias graph.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Gammon CS, et al., 2013
Hong J, et al., 2008
Karlsen A, et al., 2013
Sun L, etal., 2017
Svendsen M, et al., 2015

Figure 3 Risk-of-bias summary.
Note: Red (-): high risk of bias; yellow (?): unclear risk of bias; green (+): low risk
of bias.

kiwifruit provided antioxidant and fibrinolytic effects and
inhibitory activities against ACE, and HMG-CoA reductase
in vitro.*> Aqueous extract of kiwifruit was also reported to
inhibit both human platelet aggregation and plasma ACE
activity in a dose-dependent manner. Inhibition of platelet
aggregation was mediated partly by reducing thromboxaneA,
synthesis.?3 Based on these activities, kiwifruit has potential
cardiovascular protective properties.

Unclear risk of bias

0% 25% 50%
High risk of bias

75% 100%

Phenolic components and flavonoid isoquercitrin and
quercetin may play a role in lowering blood glucose.?** Iso-
quercitrin inhibits o-glucosidase and glucose 6-phosphatase.
It has potency similar to that of 1-deoxynojirimycin, an
o~glucosidase inhibitor.** Quercetin possibly demonstrates
positive effect in diabetes through attenuating oxidative
stress and maintaining pancreatic B-cell integrity.® It also
stimulates insulin secretion by direct activation of L-type
Ca?" channels to increase [Ca*"] ion.*® Such hypoglycemic
effect has been demonstrated in alloxan-induced diabetic rats
in which A. deliciosa extract reduced blood glucose level
significantly compared to diabetic control group.®

Kiwifruit possesses antioxidative effect, removing ROS
and preventing formation of ROS, lipid peroxidation of cell
membrane, and LDL oxidation. It promotes nitric oxide pro-
duction and inhibits inflammation and platelet aggregation.
A. deliciosa “Hayward” was found to decrease TG, TC, and
LDL-C in rats.”” Dietary fiber in kiwifruit, especially soluble
fiber, may lower cholesterol and TGs in the blood by binding
exogenous cholesterol, reducing its absorption, increasing
excretion in feces, lowering reabsorption of fatty acids, and
decreasing LDL-C formation.”” These effects may be helpful
for dyslipidemic patients. In addition, kiwifruit was reported
to have beneficial effects in patients with constipation prob-
lem?® and neuropathic diabetic foot ulcer.’® One study, being a
nonrandomized trial and therefore not included in our system-
atic review, demonstrated that consumption of two kiwifruits
per day for 8 weeks could improve HDL and decrease LDL/
HDL ratio and TC/HDL ratio in hyperlipidemic subjects.’

Our meta-analysis showed that kiwifruit had no effect
on metabolic health, as measured by SBP, DBP, TC, TG,
LDL, HDL, FPG, HOMA-IR, and BW), in participants with
cardiovascular risk factors including hypercholesterolemia,
hypertension, T2DM, and smokers. Subgroup analysis in
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A
Kiwifruit Control Mean difference Mean difference
Study or subgroup Mean (mmHg) SD (mmHg) Total Mean (mmHg) SD (mmHg) Total Weight (%) IV, fixed, 95% CI (mm Hg) 1V, fixed, 95% CI (mmHg)
Gammon CS, et al., 2013 124 84 43 124 83 42 51.8  0.00 (-3.55 to 3.55)
Hong J, et al., 2008 132 1 30 135 15 30 14.7 -3.00 (-9.66 to 3.66)
Karlsen A, et al., 2013 116 156 33 125 1565 34 11.8 —9.00 (-16.45 to 1.55)
Svendsen M, et al., 2015 126 14 56 127 16 59 21.7 -1.00 (-6.49 to 4.49)
Total (95% ClI) 162 165 100.0% -1.72 (-4.27, 0.84)
Heterogeneity: 5=4.78, df=3 (P=0.19); '=37%
Test for overall effect: Z=1.32 (P=0.19) -20 -0 0 10 20
Favors (kiwifruit) Favors (control)
B
Kiwifruit Control Mean difference Mean difference
Study or subgroup Mean (mmHg) SD (mmHg) Total Mean (mmHg) SD (mmHg) Total Weight (%) 1V, fixed, 95% CI (mmHg) 1V, fixed, 95% CI (mmHg)
Gammon CS, et al., 2013 72 6.6 43 73 71 42 1.6 -1.00 (—22.56 to 20.56)
Hong J, et al., 2008 81 8.8 30 81 71 30 1.2 0.00 (—25.60 to 25.60)
Karlsen A, et al., 2013 77 144 33 81 1.6 34 19.3 —4.00 (-10.27 to 2.27)
Svendsen M, et al., 2015 81 9 56 83 8 59 779 -2.00(-5.12t0 1.12)
Total (95% Cl) 162 165 100.0%  —2.35(-5.10to0 0.41)
Heterogeneity: 2=0.36, df=3 (P=0.95); ”=0% 20 10 0 10 2
Test for overall effect: Z=1.67 (P=0.09) Favors (kiwifruit) Favors (control)

Figure 4 Forest plots of the effect of kiwifruit on SBP (A) and DBP (B).

A
Kiwifruit Control Mean difference Mean difference
Study or subgroup Mean (mmol/L) SD (mmol/L) Total Mean (mmol/L) SD (mmol/L) Total Weight (%) IV, random, 95% CI (mmol/L) IV, random, 95% CI (mmol/L)
Sun L, etal., 2017 4.6 14 57 55 11 55 26.0  —0.90 (-1.37 to 0.43)
Karlsen A, et al., 2013 5.8 17 33 6 2 34 17.8  -0.20 (-1.09 to 0.69)
Gammon CS, et al., 2013 6.1 06 43 6.1 06 42 29.6 0.00 (0.26-0.26)
Hong J, et al., 2008 4.8 09 30 43 08 30 26.6 0.50 (0.07-0.93)
Total (95% Cl) 163 161 100.0  -0.14 (-0.71t0 0.43)
Heterogeneity: 1?=0.27; x?=19.31, df=3 (P=0.0002); =84% 5 ; 0 ; 5
Testfor overall effect: Z=0.47 (P=0.64) Favors (kiwifruit) Favors (control)
B
Kiwifruit Control Mean difference Mean difference
Study or subgroup Mean (mmol/L) SD (mmol/L) Total Mean (mmol/L) SD (mmol/L) Total Weight (%) IV, random, 95% CI (mmol/L) IV, random, 95% CI (mmol/L)
Gammon CS, et al., 2013 1.6 05 43 1.6 04 42 34.3 0.00 (-0.19 to 0.19)
Hong J, et al., 2008 2 15 30 1.9 1.1 30 19.5 0.10 (-0.57 to 0.77)
Karlsen A, et al., 2013 1.3 12 33 1.5 1.5 34 19.9  -0.20 (-0.85 to 0.45)
SunL, etal., 2017 1.8 11 57 26 13 55 26.3 —-0.80 (-1.25t0-0.35)
Total (95% Cl) 163 161 100.0  -0.23 (-0.66 to 0.20)
Heterogeneity: 12=0.13; x?=10.87, df=3 (P=0.01); P=72% 5 1 o 1 2
Test f Il effect: Z=1.05 (P=0.29 - -
estioroverall efiec ( ) Favors (kiwifruit) Favors (control)
C
Kiwifruit Control Mean difference Mean difference
Study or subgroup Mean (mmol/L) SD (mmol/L) Total Mean (mmol/L) SD (mmol/L)Total Weight (%) IV, random, 95% CI (mmol/L) IV, random, 95% CI (mmol/L)
Gammon CS, et al., 2013 3.9 05 43 4 05 42 411 —0.10 (-0.31to 0.11)
SunlL, etal., 2017 3.7 15 33 3.9 1.9 34 235  -0.20 (-1.02 to 0.62)
Karlsen A, et al., 2013 3 1.1 57 3.9 12 55 353  —0.90 (-1.33t0 0.47)
Total (95% Cl) 133 131 100.0  -0.41(-0.99 to 0.18)
Heterogeneity: 1?=0.21; ¥?=10.83, df=2 (P=0.004); ’=82% ) - 0 1 2
Test for overall effect: Z=1.36 (P=0.17) Favors (kiwifruit) Favors (control)
D
Kiwifruit Control Mean difference Mean difference
Study or subgroup Mean (mmol/L) SD (mmol/L) Total Mean (mmol/L) SD (mmol/L) Total Weight (%) IV, random, 95% CI (mmol/L) IV, random, 95% CI (mmol/L)
Gammon CS, et al., 2013 14 02 43 14 02 42 37.5 0.00 (—0.09 to 0.09)
Karlsen A, et al., 2013 1.5 08 33 1.5 08 34 251 0.00 (—0.38 to 0.38)
SunlL, etal., 2017 1.6 03 57 1.2 02 55 37.3 0.40 (0.31-0.49)
Total (95% Cl) 133 131 100.0 0.15 (-0.18 to 0.48)
Heterogeneity: 12=0.07; %2=39.02, df=2 (P<0.00001); ”=95% ) - 0 1 2
Test for overall effect: 2=0.90 (P=0.37) Favors (control) Favors (kiwifruit)

Figure 5 Forest plots of the effect of kiwifruit on total cholesterol (A), triglyceride (B), low-density lipoprotein (C), and high-density lipoprotein (D).

hypertensive patients also suggested no effect of kiwifruit  kiwifruit were utilized including whole fruit, kiwifruit juice,
on blood pressure. Similarly, using kiwifruit intervention and kiwifruit extract capsules. Although we included the
for at least 8 weeks or using whole fruit also did not affect  participants with cardiovascular risk factors, a wide variety of
lipid profile. It is noted that various dosages and forms of  participants were involved. For example, one study recruited
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Table 2 Meta-analysis of effect of kiwifruit on lipid profile stratified by subgroups

Outcome | Subgroup No. of | No. of Effects | MD 95% CI Heterogeneity P-value
studies | patients | model P-value P (%)

TC Overall 4 324 Random | -0.14 | -0.71 to 0.43 | 0.0002 84 0.64
Intervention duration >8 weeks 3 264 Random | -0.37 | -1.02to 0.29 0.004 82 0.29
Whole kiwifruit 2 152 Fixed -0.02 | -0.26t00.23 | 0.67 0 0.90

TG Overall 4 324 Random |-0.23 |-0.66t00.20 | 0.0l 72 0.29
Intervention duration >8 weeks 3 264 Random | -0.32 | -0.86 to 0.22 0.005 8l 0.25
Whole kiwifruit 2 152 Fixed -0.02 | -020t00.17 | 0.56 0 0.86

LDL Overall 3 264 Random |-0.41 |[-0.99t00.18 | 0.004 82 0.17
Intervention duration >8 weeks 3 264 Random | -0.41 -0.99t0 0.18 0.004 82 0.17
Whole kiwifruit 2 152 Fixed 0.1l | -031t00.10 |0.82 0 0.31

HDL Overall 3 264 Random | 0.15 —0.18t0 0.48 | <0.00001 |95 0.37
Intervention duration >8 weeks 3 264 Random | 0.15 —0.18t0 048 | <0.00001 | 95 0.37
Whole kiwifruit 2 152 Fixed 0.00 —0.08 to 0.08 | 0 |

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride.

A
Kiwifruit Control Mean difference Mean difference
Study or subgroup Mean (mmol/L) SD (mmol/L) Total Mean (mmol/L) SD (mmol/L) Total Weight (%) IV, fixed, 95% CI (mmol/L) 1V, fixed, 95% CI (mmol/L)
Gammon CS, et al., 2013 5.6 1 43 5.7 1 42 456  —0.10 (-0.53 to 0.33)
Hong J, et al., 2008 6 1.8 30 5.5 09 30 15.9 0.50 (-0.22 to 1.22)
Sun L, etal., 2017 8 13 57 8.3 12 55 385  -0.30(-0.76 to 0.16)
Total (95% ClI) 130 127 100.0  -0.08 (-0.37 to 0.21)
Heterogeneity: ¥?=3.37, df=2 (P=0.19); '’=41%
Test for overall effect: Z=0.56 (P=0.58) -2 -1 0 1 2
Favors (kiwifruit) Favors (control)
B
Kiwifruit Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight (%) 1V, fixed, 95% ClI 1V, fixed, 95% CI
Gammon CS, et al., 2013 0.9 0.6 43 1.2 0.9 42 93.8 —0.30 (-0.63 to 0.03)
Sun L, etal., 2017 1.5 3.9 57 6.4 29 55 6.2 —0.20 (-1.47 to 1.07)
Total (95% ClI) 100 97 100.0 -0.29 (-0.61 to 0.02)
Heterogeneity: ¥?=0.02, df=1 (P=0.88); ’=0% 2 1 0 1 2
Test for overall effect: Z=1.82 (P=0.07) Favors (Kiwifruit) Favors (control)
(o3
Kiwifruit Control Mean difference Mean difference
Study or subgroup Mean (kg) SD (kg) Total Mean (kg) SD (kg) Total Weight (%) IV, fixed, 95% CI (kg) 1V, fixed, 95% CI
Gammon CS, et al., 2013 86.7 1.2 43 86.6 1.2 42 43.3 0.10 (—4.66 to 4.86)
SunL, etal., 2017 80.1 15.4 57 80.6 163 55 30.4 —-0.50 (-6.19 to 5.19)
Svendsen M, et al., 2015 751 12 33 78.8 135 34 26.3 —-3.70 (-9.81t0 2.41)
Total (95% Cl) 133 131 100.0 —1.08 (—4.22 to 2.05)

Heterogeneity: ¥?=0.98, df=2 (P=0.61); '=0%
Test for overall effect: Z=0.68 (P=0.50)

-2 -1 0 1 2

Favors (kiwifruit) Favors (control)

Figure 6 Forest plots of the effect of kiwifruit on fasting plasma glucose (A), homeostasis model assessment of insulin resistance (B), and body weight (C).

hypercholesterolemic men,? and the other enrolled male
smokers.?” In addition, in one study kiwifruit was added to
healthy diet compared to healthy diet alone and patients were
instructed to maintain their physical activities.?’ Therefore,
it was difficult to interpret results and to elucidate the sole
effects of kiwifruit on these parameters.

A significant heterogeneity was detected in meta-analysis
of lipid profile. As described earlier, a wide range of kiwifruit
preparations and dosages were used. The species of kiwifruit
also differed, namely A. deliciosa,***?* and A. chinensis.®

Specific species was not described in the study that used
kiwifruit capsules.?® The control group also varied, being
placebo?*?2% and apple.?’ Although the participants with
cardiovascular risk factors were considered, they differed
clinically. And this may contribute to statistical heterogene-
ity. Other limitations of the included trials are noteworthy.
First, most of them enrolled a small number of participants
and may lack statistical power. Second, the methodologic
quality varied. All of them were of unclear risk of detection

bias. Only one trial mentioned the blinding of participants
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and study personnel.” Two studies were nonblinded,”*?” and
thus may be prone to performance bias.

To our knowledge, this is the first systematic review and
meta-analysis of kiwifruit on metabolic health. However,
our study is not without limitations. First, significant het-
erogeneity existed among the results of the studies included
as mentioned earlier. Second, only published trials were
included, and publication bias cannot be ruled out although
we considered both English and non-English publications.
Funnel plot and its asymmetry were not evaluated because
of a small number of studies included in each meta-analysis.
Third, only five trials were included in the systematic review,
and even smaller number of studies for meta-analysis of each
outcome. Together with the small sample size in each trial,
the results of meta-analysis may be imprecise. Additionally,
we focused only on major risk factors, namely hypertension,
hypercholesterolemia, T2DM, and smoking. Several factors,
for example, obesity, physical inactivity, and other unmodi-
fiable risk factors, such as increased age, male gender, and
familial history of CVD, were not considered. Obesity and
sedentary lifestyle have been known to increase the risk of
CVD and metabolic disorders.

Conclusion

Our meta-analysis suggested a lack of effect of kiwifruit
on metabolic health in participants with cardiovascular risk
factors, although there was a trend toward the reduction in
BP, TC, TG, LDL, FPG, HOMA-IR, and BW and improving
HDL. Due to limited evidence and high heterogeneity of
the study results, the potential of kiwifruit as a nonpharma-
ceutical alternative for metabolic health should be further
evaluated in well-defined, well-controlled trials with larger
sample size and standardized preparation.
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