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Abstract

People with pre-diabetes may be reluctant to add fruit to their diets due to concerns around
sugars. Our objective was to measure outcomes associated with potential adverse effects of
ingesting fruit sugars while assessing metabolic benefits from eating nutrient-rich kiwifruit.
Thirty-four people with pre-diabetes were randomized to receive two kiwifruit or 250 mL
bottled water per day for 12-weeks; two people withdrew. The primary outcomes were
between-group differences for glycated haemoglobin (HbAlc) and plasma vitamin C
concentration. Secondary outcomes included anthropometry, blood pressure, lipids, uric acid,
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glycaemic-, inflammatory- and oxidative-markers. Mean (95% confidence interval) vitamin C
intake and plasma concentration increased by 170 (141, 200) mg/d (P<0.001) and 11 (5, 17)
UM (P = 0.001), respectively, in the kiwifruit compared with the control group. There was no
between-group difference for HbAlc or for anthropometric, blood pressure or metabolic
markers except for Trolox equivalent antioxidant capacity (TEAC) assay, for which there was
a mean decrease of 27 (3, 51) mM (P = 0.027) in the plasma of the kiwifruit compared with
the control group. The inclusion of two kiwifruit per day into the diets of people with pre-
diabetes raised vitamin C intake and status without causing metabolic disturbance due to the
sugars contained in the fruit. The reason behind a reduction in TEAC in the kiwifruit group
despite an increase in plasma vitamin C is unclear. For any beneficial effect on HbAlc to
become evident, it may require a larger sample and a longer intervention.
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1. Introduction

Fruits are a valuable component of the human diet because of the wide range of vitamins,
minerals, dietary fibre and other bioactives they supply, for which reason regular fruit consumption
is advised by health authorities around the world [1]. Amongst fruit, kiwifruit are relatively rich in
nutrients with an exceptionally high complement of vitamin C [2]. However, kiwifruit, like most fruit,
are also rich in fruit sugars, in particular glucose and fructose. Dietary glucose may increase
exposure to hyperglycaemia and risk of long-term medical complications typical of diabetes that
arise from the widespread systemic effects of high blood glucose concentrations [3]. Although less
glycaemic than glucose, fructose has been implicated in metabolic dysregulation through its
unregulated entry into lipid metabolism [4], including a triglyceride raising effect [5]. These effects
have been found particularly when fructose has been used in doses outside the range of what would
be consumed in a well- balanced diet [6]. Additionally, hepatic fructose phosphorylation may
deplete cellular phosphate leading to AMP degradation, which generates uric acid, a purine
breakdown product [7]. Elevated uric acid as a result of fructose consumption has been implicated
in gout and as an independent risk factor for hypertension [8]. The epidemiological link between
fructose, hyperuricaemia, gout and hypertension is strongest for sweetened beverage intake [9, 10],
although a role for whole fruit has not been ruled out [10]. Therefore, it is important to ensure that
the benefits of consuming kiwifruit are not counteracted by putative negative effects of ingesting
fruit sugars.

In an acute setting in people with normal glucose tolerance, we have found that two kiwifruit
ingested as a preload 30 min before a main meal significantly reduced the amplitude of the
glycaemic response to the main meal compared with a carbohydrate-matched meal consumed in
one sitting [11]. For effectiveness, any acute effects of lowered postprandial glycaemia need to
translate into long-term benefits, potentially expressed in people with pre-diabetes as a change in
glycated haemoglobin (HbAlc). From a public health perspective, it’s also necessary that the
intervention is acceptable for people to adopt as a lifelong dietary habit [12].
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This study was designed therefore as a 12-week randomised controlled trial in which people with
pre-diabetes would incorporate either two kiwifruit (intervention) or water (control) into their diet
each day while monitoring a range of physical and metabolic parameters. Our hypothesis was that
the addition of kiwifruit into the diet would increase circulating vitamin C whilst producing no
adverse metabolic or physical effects in the kiwifruit intervention group. The primary outcomes
would be HbAlc and plasma vitamin C concentration with secondary outcomes comprising
anthropometry, blood pressure, wellbeing, biomarkers of glycaemia, insulin resistance,
dyslipidaemia, oxidative stress, and immune function.

2. Materials and Methods
2.1 Study Design

The experiment was a single blinded, randomised, parallel group study in which participants
either ate two kiwifruit (intervention group) or drank 250 mL bottled water (control group) per day
over a 12-week period. Kiwifruit were provided as whole fruit weighing approximately 100 g each
after peeling the skin. There was a three week lead in period in which the participants were asked
to not consume kiwifruit (Figure 1). Measurements of outcome were made at the start and at the
end of the intervention period.

End of lead
in/Start of
Start of intervention End of intervention
lead in (BASELINE)
3 weeks l 12 weeks v
| lead-in N Intervention
No kiwifruit (all Group 1: Water (control)
participants) Group 2: Kiwifruit (200 g)
Sampling 1 Sampling 2

Anthropometry, blood pressure, venous blood, capillary blood glucose, 7-day diet record, wellbeing questionnaire

Figure 1 Plan of study to determine 12-week effects of consuming two kiwifruit daily.
2.1.1 Ethics Statement

The trial was approved by the New Zealand Human and Disabilities Ethics Committee of the New
Zealand Ministry of Health (HDEC, no. 18/CEN/2) and from a M3ori perspective on behalf of the
Marae Te Mauri o Rangitane o Manawatd (Council of Elders) and Tanenuiarangi Manawati
Incorporated (lwi Authority). Trial registration was with the Australia New Zealand Clinical Trials
Registry (ANZCTR no. ACTRN12618000329268).

2.2 Recruitment and Screening

Potential pre-diabetic participants were contacted by online notification within Plant & Food
Research, by flyers posted at Plant & Food Research, Massey University, Central Public Health
Organisations (CPHO), Diabetes Trust and local newspaper. The study was briefly described in all
forms of recruitment advertising. Volunteers who self-identified as being pre-diabetic were invited

Page 3/18



Recent Progress in Nutrition 2022; 2(1), doi:10.21926/rpn.2201006

to attend the Plant & Food Clinical Trials Unit to be screened by the trial investigators for eligibility.
The inclusion criteria were normal weight, overweight or obese males and females aged 18 to 70 y
with HbAlc in the range 40 — 55 mmol/L, a range that encompasses the values of 41 — 49 mmol/mol
used to define pre-diabetes [13]. Exclusion criteria were intolerance of kiwifruit, a planned change
in diet or medication within the trial period, and diagnosis of any illness or gastrointestinal disorder
within the 3 weeks prior to the trial. A screening test for HbAlc was carried out on a fingerprick
blood sample using a HemoCue HbA1c analyser (Angelholm, Sweden). The nature of the study and
the involvement and responsibilities of participants was described to the volunteers who were also
given an information sheet containing study details. All participants signed an informed consent
form. The participants received a $20 supermarket voucher for attending pre-screening and a $100
supermarket voucher for each testing session.

2.3 Assignment, Treatments and Intervention

From 77 respondents, 14 men and 20 women were identified as eligible to take part in the study
and randomly assigned to the intervention (n = 18) and control (n = 16) arms of the trial (Figure 2,
CONSORT flow diagram). Randomisation was undertaken by a biostatistician not involved in the
practical aspect of the trial. Assighnment concealment was achieved with the use of sealed envelopes
containing the treatment arm for each participant.

Assessed for eligibility (n=77)

Excluded (n=43)

Declined invitation (n=33)

Failed to respond (n=7)
Withdrew afteracceptance (n=3)

Randomized (n=34)

Allocated to control (n=16)
Received allocated intervention (n=15)
Went overseas (n=1)

Analysed*
Clinical measures (n=15)
Dietary analysis (n=14)

Excluded from analysis (continued with

intervention but did not provide a followup

dietrecord) (n=1)

Allocated to kiwifruit (n=18)
Received allocated intervention (n=17)
Withdrew for personal reasons (n=1)

Analysed*
Clinical measures (n=17)
Dietary analysis (n=16)

+ Excluded from analysis (continued
with intervention but did not provide a
follow-up diet record) (n=1)

* Not all clinical measures were available forall participants, see footnotes to Tables

Figure 2 CONSORT flow diagram.
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Kiwifruit (Actinidia chinensis var. chinensis ‘Zesy002’) marketed as Zespri® SunGold Kiwifruit of
export quality grade were supplied by Zespri® over the course of the trial (Zespri International
Limited, Mount Maunganui, New Zealand). Fourteen kiwifruit were given to participants each week
of the intervention period to ensure a constant supply of fruit in good condition. The water (control)
was supplied as 250 mL bottled sparkling water (Lightly Sparkling Spring Water, Woolworths,
Auckland, New Zealand).

Participants in both groups were asked to continue with their customary diet for fifteen weeks
(3 weeks lead-in, 12 weeks intervention period) and not to consume vitamin supplements. During
the lead-in period all participants were asked not to consume kiwifruit and for those assigned to the
control group, not to eat kiwifruit during the intervention period. For the 12-week intervention,
participants in the kiwifruit group were asked to eat two kiwifruit and in the control group to drink
250 mL bottled water each day 30 minutes before breakfast. To check compliance, each participant
filled in a daily form on which the time of ingesting the intervention and breakfast were indicated.
To assess well-being, participants were asked to record how well they were tolerating the
intervention including change in bowel habits.

2.4 Food Diaries, Clinic Visits and Blood Sampling

Two 7-day food diaries were kept, the first covering the last seven days of the lead-in period, and
the second at the end of the 12-week intervention (Figure 1). Participants were trained in dietary
recording and provided with written instructions and electronic scales. Food diaries were taken as
a means of assessing changes in nutrient intakes between groups that could affect the primary
outcomes (HbA1lc and plasma vitamin C) independent of the intervention foods.

Participants attended the Plant & Food Research clinic at the end of the lead-in period (baseline)
and after 12 weeks of the intervention after a 10-12 hour overnight fast (Figure 1). Blood pressure,
height, weight, waist and hip circumference were taken during each visit. Blood pressure was
measured using an OMRON model HEM-7322 automatic monitor (OMRON Healthcare Group, Kyoto,
Japan). Height was measured to the nearest 0.1 cm and weight to the nearest gram using a Seca
model 213 stadiometer and Seca scales model 762, respectively (Seca GmbH, Hamburg, Germany).
Weight was measured with shoes off, light clothing and pockets emptied. A cloth tape measure was
used to measure waist and hip circumference to the nearest 0.1 cm. Waist measurement was
conducted on bare skin or over a thin item of clothing.

A capillary blood sample was taken by finger prick to measure fasting blood glucose
concentration. Venous blood was drawn from each participant’s arm by a trained phlebotomist into
four Becton Dickinson vacutainer tubes comprising one 4 ml and one 10 ml lavender potassium
EDTA tube; one 5 ml gold serum separator tube (SST Il Advance); and one 6 ml green heparin tube
(Becton Dickinson & Co., Franklin Lakes, NJ, USA).

2.5 Blood Processing and Analyses

Fasting blood glucose concentration was determined using a HemoCue™ Glucose 201 DMRT
Analyzer (Angelholm, Sweden). The 10 ml lavender and the green tubes were placed on ice
immediately after sampling. Plasma was separated after the whole blood had been centrifuged at
1000 g for 15 min. Plasma aliquots were stored in 1 ml Eppendorf tubes at -80 °C until analysis. For
vitamin C determination, 0.2 mL plasma was mixed with 0.2 mL 10% metaphosphoric acid/2 mM
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EDTA, stood on ice for 5 min, and centrifuged (16,000 g, 10 min, 4°C), and the supernatant stored
at -80°C until analysis. The 4 ml lavender and the gold tubes were delivered to an Internationally
Accredited Medical Laboratory (MedLab Central, Palmerston North, New Zealand). HbAlc was
measured in whole blood using a D-100™ HPLC system (Bio-Rad Laboratories, CA, USA). The
following analyses were undertaken on a Cobas 702 auto-analyser (Roche Diagnostics, Basel,
Switzerland). Serum lipids kits CHOL2, HDLC4, and TRIGL were used for the measurement of total-,
high-density lipoprotein cholesterol and triglycerides, respectively. Low-density lipoprotein
cholesterol was calculated using the Friedewald equation. Plasma was tested for glucose, uric acid,
and C-Reactive Protein (CRP) using GLUC3, UA2 and CRP4 kits, respectively.

Plasma insulin was analysed on a Roche Cobas e411 instrument after polyethylene glycol (PEG)
precipitation of immunoglobulins (Canterbury Health Laboratories, Christchurch, New Zealand).
Plasma lactate dehydrogenase (LDH) was determined using a proprietary kit (Abcam®, Cambridge,
United Kingdom, ref. ab102526). Plasma was diluted 1/50 in assay buffer supplied in the kit and the
assay was run according to manufacturer’s instructions. LDH activity in samples was calculated from
the change in optical density at 450 nm once activity of the samples reached the linear range
(between 10 and 40 mins of incubation at 37 degrees). NADH generated from LDH activity was
calculated from the standard curve and subsequently activity of LDH (mU/ml) was calculated by the
equation ((nmol NADH/(change in optical density x volume of sample added to the reaction in ml x
sample dilution factor). One unit of LDH is the amount of enzyme that catalyses the conversion of
lactate to pyruvate to generate 1 umol of NADH per minute at pH 8.8 at 37 degrees.

Plasma total antioxidant capacity was measured as Trolox equivalents using a proprietary kit
(Abcam®, Cambridge, United Kingdom, ref. ab65329). The Trolox equivalent antioxidant capacity
(TEAC) assay measures the antioxidant capacity of a given substance, as compared to the standard,
Trolox, and is often used to measure the antioxidant capacity of foods, beverages and nutritional
supplements. Plasma samples were masked 1:1 in protein mask supplied in the kit to measure small
molecule antioxidant capacity. Plasma samples were then diluted 1/1500 in double distilled water
and the assay was carried out according to manufacturer’s instructions. Optical density was read at
570 nm after incubation at room temperature on an orbital shaker for 90 minutes. TEAC (nM) in
samples was calculated using the equation (Trolox calculated from standard curve (nmol) / sample
volume (uL) x sample dilution factor).

Plasma superoxide dismutase (SOD) activity was assayed in undiluted plasma samples using a
proprietary kit (Abcam®, Cambridge, United Kingdom, ref. ab65354). The assay was run according
to manufacturer’s instructions. SOD activity (inhibition rate %) of samples was calculated using the
OD at 450 nm following a 20 minute incubation at 37 degrees and adjusted by the OD of three blanks
(a water control blank, a sample with no enzyme working solution blank and a water with no enzyme
solution blank) using the equation ((blank1-blank3)-(sample-blank2))/(blank1-blank3) x 100.

Plasma interleukin 6 (IL-6) and tumour necrosis factor alpha (TNF-a) assays were carried out with
undiluted plasma samples using the Human IL-6 and TNF-a High sensitivity ELISA kits (eBioscience
refs. BMS213HS and BMS223HS) according to manufacturer’s instructions (Affymetrix, Santa Clara,
CA, USA). Optical density was measured at 450 nm and concentrations of IL-6 and TNF-a were
calculated from standard curves.
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2.6 Power Calculation and Statistical Analysis

A sample size of 20 per group with a conservative within-person correlation of 0.6 (in-house data)
would be required to detect a difference between groups in HbA1lc of 5.5 mmol/mol given a SD of
7.7 with 80% power and alpha set at the 5% level of significance [14]. The sample could be reduced
to a minimum of 16 per treatment given a more homogenous group having a within-person
correlation of 0.7.

All statistical analysis was undertaken in Stata 17.0 (StataCorp, Texas). To estimate the effect of
kiwifruit compared to water, outcome variables were included as dependent variables in a linear
regression model, with treatment group as an independent variable and adjusted for baseline.
Mean differences and 95% confidence intervals (Cl) were reported for all outcomes as well as p-
values. P<0.05 was considered statistically significant. As the effect size is represented by a mean
difference in change, the change for the outcome variable was described using mean and standard
deviation (SD), as well as baseline values. Residuals of all models were plotted and visually assessed
for homoskedasticity and normality. No adjustment for multiple comparisons was made.

3. Results

The flow of participants through the study is given in Figure 2. Mean (SD) percentage compliance
with ingestion of the study foods was 94.4% (11.2) and 93.3% (7.4) for the control and intervention
groups, respectively. Two participants in the kiwifruit group reported transient diarrhoea
throughout the intervention period, one associated with a stomach bug that lasted 6 days, the other
with diarrhoea alone over 3 days.

The age of participants ranged from 39 to 73 y, and body mass index (BMI) ranged from 19.8 to
47.7 kg/m?. Characteristics of the participants are given in Table 1.

Table 1 Demographic characteristics by randomized group (n = 32).

o Control Intervention
Characteristic Total
group group
Sex Male 14 9 5
Female 18 6 12
Age, y — mean (SD) 56.1 (9.5) 57.0(10.9) 55.3 (8.3)
BMI, kg/m? — mean (SD) 30.6 (6.4) 30.6 (5.7) 30.5(7.2)

BMI = Body mass index (n = 42); SD = standard deviation.

Of the participants, 18 were Caucasian, 1 was Asian, and the remainder were of mixed race,
predominantly Polynesian. The mean (SD) fingerprick HbA1lc at screening was 44.3 (3.4) mmol/mol
with a range of 40 to 54 mmol/mol.

3.1 Diets

The mean (SD) macronutrient composition of the diets at baseline, calculated as percent of
energy of protein, fat and carbohydrate, were 19% (3.5), 38% (5.9) and 40% (5.8) for the control
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group and 19% (3.6), 38% (5.0) and 40% (8.6) for the intervention group. These macronutrients
contributed around 97% of the diet’s energy with the remainder provided by fibre and alcohol. The
mean (SD) changes in proportional energy from protein, fat and carbohydrate during the
intervention were +0.5% (2.3), -1.0% (7.7) and -0.1% (7.3) for the control group and -0.4% (3.2), -
3.5% (4.7) and +3.7% (6.6) for the kiwifruit group, indicating a small reduction in the proportion of
energy from fat with a corresponding increase in the proportion of carbohydrate in the diets of the
kiwifruit intervention group.

An analysis of fruit serves and selected nutrients of the diet records is given in Table 2. Fruit
serves are given as these would be expected to increase in the intervention group due to the
inclusion of two kiwifruit into the diet. Dietary energy intake has been calculated as the inclusion of
kiwifruit energy by the intervention group compared with the non-energy containing water given
to the control group could have generated a between-group difference in energy intakes. Fibre and
vitamin C intakes were calculated as these nutrients are contained in kiwifruit.

Table 2 Mean (SD) dietary intake per day before and during the 12-week intervention

period.
Kiwifruit intervention Water intervention Mean (95% Cl)
Dietary Lead-in End stage Lead-in End stage difference in p-value
factor period Mean period Mean change change between
Mean (SD)  change (SD) Mean (SD) (SD) groups

Energy (k) 8770 (2928) -903 (2225) 8787(2349) -1141(1417) 232(-1011,1475) 0.705

Fibre (g)  22.6(8.1)  0.1(6.0) 26.6 (7.4) -3.1(6.0) 1.6 (-2.5, 5.8) 0.422
Vitamin C

(me) 96 (74) 150 (76) 87 (54) -13 (52) 170 (141, 200) <0.001
Fruit serve 1.3 (1.3) 0.4 (1.0) 1.3 (0.9) -0.4 (0.5) 0.8(0.4,1.2) <0.001

Kiwifruit group (n = 16) water group (n = 14)

The mean energy intake of both groups declined during the intervention period while the
number of fruit serves and vitamin C intake increased in the kiwifruit group compared with the
water group.

Anthropometric and blood pressure data are given in Table 3.

Table 3 Mean (SD) anthropometric and blood pressure measurements at baseline and

at 12-weeks.
Kiwifruit intervention Water intervention
Mean (95% Cl)
Mean Mean . .
difference in
Mean (SD) change Mean (SD) change p-value
. . change
at baseline  (SD) at 12- at baseline (SD) at
between
wk 12-wk
groups
Weight (kg) 85.3(22.9) 1.5(2.1) 929(22.6) 0.0(2.3) 1.4(-02,3.1) 0.089
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Waist
. 95.6 (16.5) 2.9(5.0) 101.9(13.0) 0.7(2.9) 2.3(-0.8,5.4) 0.138
circumference (cm)

Hip circumference
110.5(11.2) 0.7(3.5)  112.1(10.0) -1.2(2.4) 2.1(-0.1,4.2)  0.064

(cm)
Systolic blood
145.4 (25.2) -3.5(12.3) 138.1(20.1) 1.0(20.2) -2.7(-14.4,8.9) 0.633
pressure (mmHg)
Diastolic blood

90.9 (12.4) 1.5(7.4) 88.7(12.8) 0.3(9.6) 1.4(-4.7,76) 0.637
pressure (mmHg)

Weight, blood pressure, and waist and hip circumference did not change significantly between
the two groups. Nor were there perceived differences in change in general well-being over the
course of the study.

All metabolic outcomes are given in Table 4.
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Table 4 Mean (SD) metabolic markers at baseline and at 12-weeks.

Kiwifruit intervention

Water intervention

Mean (95% Cl)

Metabolic markers Mean (SD) at g;?n aihanlgze_ Mean (SD) at g;?n at difference in change p-value
baseline baseline between groups
weeks weeks
HbA1c (mmol/mol) 42 (3) 0(3) 41 (3) -1(1) 1(-1,2) 0.450
Vitamin C (uM) 33 (15) 8 (12) 30 (12) -2 (5) 11 (5, 17) 0.001
Blood glucose (mmol/L) 5.9 (0.8) 0.0 (0.5) 6.3 (1.0) 0.1(0.5) -0.2 (-0.6, 0.2) 0.406
Insulin (pmol/L) 86 (61) 12 (44) 93 (36) 7 (25) 1(-21, 23) 0.936
Uric acid (mmol/L) 0.35 (0.08) -0.01 (0.04) 0.37 (0.10) 0.00 (0.03) -0.02 (-0.05, 0.01) 0.267
Total cholesterol (mmol/L) 5.3(0.9) -0.1 (0.6) 5.4 (1.1) 0.2 (0.6) -0.3(-0.8,0.2) 0.213
Triglyceride (mmol/L) 1.7 (1.0) -0.1 (0.6) 1.7 (0.9) 0.3(0.7) -0.4 (-0.9, 0.1) 0.137
HDL cholesterol (mmol/L) 1.3 (0.3) -0.1(0.2) 1.4 (0.5) 0.0 (0.1) 0.0(-0.1,0.1) 0.584
LDL cholesterol (mmol/L) 3.2(0.8) -0.1 (0.5) 3.2(0.9) 0.0 (0.5) -0.2 (-0.6, 0.2) 0.430
Ratio total:HDL cholesterol 4.1(1.3) 0.0(0.7) 4.3(1.5) 0.2 (0.6) -0.2 (-0.7,0.2) 0.344
C-reactive protein (mmol/L) 3.4(3.9) 0.2 (3.0) 2.8(2.9) -0.2 (0.8) 0.5(-1.2,2.3) 0.527
IL6 (pg/ml) 4.2 (3.9) -0.3(2.0) 3.0(2.1) -0.4 (2.7) 0.3 (-1.5,2.1) 0.698
TNF-alpha (pg/ml) 0.3(0.2) -0.2 (0.2) 0.4 (0.3) -0.4 (0.5) 0.0(-0.2,0.1) 0.713
Trolox equivalents (mM) 233 (34) -26 (43) 245 (29) -7 (31) -27 (-51, -3) 0.027
SOD activity (% inhibition) 73 (18) 20 (16) 69 (10) 15 (13) 8 (-1, 16) 0.072
LDH activity (mU/ml) 152 (49) 3(87) 207 (96) -49 (80) 2 (-37, 41) 0.916

Serum was used for lipids analyses; plasma was used for all other metabolic markers except whole blood for HbA1lc

Kiwifruit group n = 17 at baseline except SOD activity (n = 16): Water group n = 15 at baseline except HbA1lc and blood glucose (n = 14)

Kiwifruit group n = 17 at 12-weeks except insulin (n =16): Water group n = 14 at 12-weeks except immune markers (n = 15), HbAlc and blood glucose

(n=13)
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There was no mean difference in change in HbAlc between groups while there was an increase
in mean plasma vitamin C concentration in the kiwifruit compared with the control group. For all
other metabolic outcomes there was no mean difference in change following the intervention
period with the exception of Trolox equivalents in the TEAC assay, for which there was a decrease
in the kiwifruit compared with the control group.

4, Discussion

For the primary outcomes, plasma vitamin C concentration increased in the people who
incorporated two kiwifruit into their diets daily while there was no between-group difference in
change in HbAlc. As a result of the intervention, there were no between-group differences for blood
pressure or for the anthropometric measures. For the metabolic outcomes, there was a reduction
in the Trolox equivalents for the kiwifruit group compared with the control group. There were no
other group differences in lipids or for the biomarkers of glycaemia, immune function and oxidative
capacity. There was an increase in fruit serves by the kiwifruit group relative to the control group,
accompanied by an increase in vitamin C intake by the kiwifruit group. The macronutrient
composition of the diet during the study was stable for the control group while for the kiwifruit
group there was a slight increase in the proportion of energy from carbohydrate with a
corresponding reduction in the proportion of fat energy. This slight shift in macronutrient energy is
consistent with the introduction of kiwifruit, being a low-fat/high carbohydrate food, into the diet.

Kiwifruit have a vitamin C content of around 140 mg per fruit, relatively high compared with
other commonly consumed fruits in New Zealand such as apples (6 mg) and oranges (78 mg) per
fruit [15]. In placebo-controlled trials, vitamin C supplementation at a dose of 1000 mg/d has
improved glycaemic control in people with type 2 diabetes [16-18]. Although there was an increase
in plasma vitamin C concentration in our kiwifruit supplemented group, there was no effect on
markers of glycaemic control including HbAlc, fasting glucose and insulin concentrations. This is
consistent with high dose (1000 mg/d) vitamin C supplementation producing a beneficial effect
whereas a dose of 500 mg/d over 6-weeks was ineffectual on markers of glycaemic control [18].
However, these results do not exclude the possibility that chronic vitamin Cintakes of less than 1000
mg/d could provide glycaemic benefit to people with pre- or type 2 diabetes [19], possibly via
vitamin C rich fruits in the diet [20].

Eating 2-3 kiwifruit per day, containing 280-420 mg vitamin C over 28-weeks has been found to
reduce platelet aggregation and circulating triglycerides [21]. A triglyceride-lowering effect via an
increased vitamin C intake is plausible given that vitamin C supplements have been found to lower
triglyceride concentrations [22]. However, a lack of effect on circulating triglycerides in our study is
consistent with a meta-analysis of randomised controlled kiwifruit intervention trials [23].

From a meta-analysis of randomised controlled trials, vitamin C supplementation at a median
dose of 500 mg/d has been found to lower blood pressure [24]. Typically, in these trials, vitamin C
is given at doses higher than those obtainable by dietary means. Perhaps for this reason, fruit and
vegetable interventions, including kiwifruit interventions, have generally been ineffective at
reducing blood pressure [23, 25]. The lack of an effect in the present study is consistent with the
literature. Previously however, we found a favourable effect on systolic blood pressure in Asian
people assigned to eat two kiwifruit per day for 7-weeks compared with a control group
(unpublished data).
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Fruit intake has been inversely associated with plasma C-reactive protein (CRP) concentration, a
marker of inflammation [26]. In intervention trials, various fruits and fruit juices have been found to
have beneficial effects on circulating high sensitivity CRP (hs-CRP) and tumour necrosis factor alpha
(TNF-a), a pro-inflammatory cytokine [27]. In a kiwifruit/control crossover intervention,
improvements in hs-CRP and interleukin-6 (IL-6), (but not TNF-a) were found after 4-weeks of
incorporating two green kiwifruit into the diet of men with slightly elevated hs-CRP at baseline [28].
In contrast, there was no between-group difference in change in hs-CRP for people randomly
assigned to eat either four gold kiwifruit or two freeze-dried bananas per day for 4-weeks [29]. The
different outcomes could be due to the variety of kiwifruit or to the inflammatory status of the
participants. In our study, there was no effect on CRP, TNF-a, or IL-6 comparing the kiwifruit and
control groups.

In observational work, fruit intake has been associated with plasma total antioxidant capacity
[30]. Increasing the intake of fruit and vegetables from 5 to 10 servings per day for 15 days has been
found to raise the oxygen radical absorbance capacity (ORAC) in healthy people [31]. Acutely, the
ingestion of 300 grams of kiwifruit raises plasma total antioxidant capacity [32]. In a 4-week
crossover study in which participants ate 1 or 2 gold kiwifruit each day, there was no change over
time in the ferric reducing activity of plasma (FRAP) but there was increased resistance to the
hydrogen peroxide oxidation of lymphocytes [33]. In our study we assessed plasma Trolox
equivalent antioxidant capacity (TEAC), and the activities of superoxide dismutase (SOD) and lactate
dehydrogenase (LDH). The only between-group difference in change, despite an increase in plasma
vitamin C concentration, was a decrease in TEAC in the kiwifruit group compared with the control
group. How well TEAC reflects antioxidant status in people with diabetes is unclear, as people with
pre-diabetes were found to have lower TEAC compared to people with type 2 diabetes [34].
Additionally, comparisons of antioxidant measures between people with and without diabetes are
inconsistent [35] and a definitive measurement of oxidative stress is incompletely resolved [36-38].
Hence, the clinical significance of a mean decrease in TEAC in vitamin C enriched plasma between
the kiwifruit and the control group is unclear. Overall, fruit interventions in the form of fruit juices
have been found to raise vitamin C concentration [39] and the recommendation given to people
with diabetes in New Zealand is to eat at least 3-4 servings of fruit each day [40, 41].

Contrary to this recommendation is the advice given in some publications and websites
purporting to list fruits that people should avoid based on the total sugar or fructose content of the
fruits [42-44]. Such contrasting information between social media sources and that given by health
authorities could lead to confusion, particularly given the influence that websites and social
networking sites have on people’s behaviour [45]. Of concern, there is evidence that the public’s
trust in information is no different between website sources and government health agencies [46].
Nevertheless, there is a unifying message from Diabetes New Zealand and the aforementioned
listed websites around limiting sugar intake whilst taking account of the food source of sugar [41,
43, 44]. There is evidence that sugars, including fructose, are only detrimental to glycaemic control
and other metabolic outcomes in the context of excess dietary energy intake [47, 48]. Whole fruit
is helpful in this regard as it has a low energy density, for example, kiwifruit contains 224 kJ/100g
whereas biscuits/cookies are up to ten times as energy dense [15]. The low energy-density and the
high nutrient-density of fruit may explain inverse associations between fruit intake, incident
diabetes and diabetic complications found in large observational studies [49, 50]. To test the effect
of a fruit intervention in people with type 2 diabetes, 63 participants were randomized to either eat

Page 12/18



Recent Progress in Nutrition 2022; 2(1), doi:10.21926/rpn.2201006

more or fewer than two pieces of fruit per day over a 12-week period, generating a mean difference
of 175 g/d in fruit intake between groups with the difference in fruit intake having no effect on
HbAlc, body weight or waist circumference [51]. Christensen and colleagues surmised that
changing fruit intake in a diet results in substitution rather than addition to intake [51], a plausible
explanation given the satiety of whole fruit [52, 53]. Our data are consistent with this work in that
adding 200 g of kiwifruit each day for 12-weeks into the diets of people with pre-diabetes had no
effect on HbA1lc, body weight or waist circumference. This is perhaps unsurprising given that there
was no difference in energy, fibre or in sugars intake between groups as a result of the intervention.

At the extreme end of fruit intake, people have been placed on predominantly fruit diets
supplemented with avocado and nuts for up to 24 weeks [54]. The carbohydrate in the diet (65% of
energy) was essentially sugar (sucrose, fructose and glucose) with just a small amount of starch
coming from bananas. The participants maintained good health throughout the study period
despite an estimated sugar intake of 350-400 g/d, on average losing weight, reducing systolic blood
pressure and improving the lipid profile [54, 55]. Such metabolic improvements are contrary to the
disturbances found when people consume excess energy, some of which is provided by sugar [56].

One sugar in particular that has been associated with metabolic disturbance is fructose via its
hepatic metabolism resulting in the production of uric acid [7]. Even the amount of fructose
contained in one apple has been found sufficient to transiently raise postprandial uric acid
concentration [57]. However, a diet high in fruit and vegetables is associated with relatively high
urinary alkalinity [58] creating a physiological environment which predisposes to the elimination of
uric acid from the body [59]. This is consistent with the observation that fruit intake has been
inversely associated with serum uric acid [60] and a reduction in serum uric acid concentration over
three months when hyperuricaemic participants raised their fruit intake from 86 to 200 g/d and
soybean products from 71 to 100 g/d [61]. Cross-sectional and interventional data reinforce the
contention that excess energy is a major underlying factor in the aetiology of metabolic disease and
that the healthfulness of a diet needs to be assessed with regard to the whole diet rather than
focussing on single foods or nutrients [48].

5. Conclusions

In summary, daily consumption of two kiwifruit by prediabetic individuals was found to increase
plasma vitamin C concentration without increasing metabolic risk due to sugars intake. A limitation
of the work was the small sample. While adequately powered to detect a difference in HbAlc of 5.5
mmol/mol, it appears that the potential for change in HbAlc by eating two kiwifruit per day is less
than this and that a larger sample and possibly a longer intervention would be required to provide
definitive evidence. A strength of the study was the large number of factors considered covering
outcomes that could have been adversely affected by sugars while measuring potential benefits of
increased fruit intake.
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