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Abstract

Fruit and vegetables are key elements of a cardioprotective diet, but benefits on plasma lipids, especially HDL-cholesterol (HDL-C), are

inconsistent both within and between studies. In the present study, we investigated whether four selected HDL-C-related polymorphisms

(cholesteryl ester transfer protein (CETP) Taq1B, APOA1 275G/A, hepatic lipase (LIPC) 2514C ! T, and endothelial lipase (LIPG) I24582)

modulate the plasma lipid response to a kiwifruit intervention. This is a retrospective analysis of data collected during a 12-week random-

ised controlled cross-over trial. A total of eighty-five hypercholesterolaemic men completed a 4-week healthy diet run-in period before

being randomised to one of two 4-week intervention sequences of two green kiwifruit/d plus healthy diet (kiwifruit intervention) or

healthy diet alone (control intervention). The measurement of anthropometric parameters and collection of fasting blood samples were

carried out at baseline 1 and after the run-in (baseline 2) and intervention periods. At baseline 2, B1/B1 homozygotes of the CETP

Taq1B gene had significantly higher total cholesterol:HDL-C, TAG:HDL-C, and apoB:apoA1 ratios and small-dense LDL concentrations

than B2 carriers. A significant CETP Taq1B genotype £ intervention interaction was observed for the TAG:HDL-C ratio (P¼0·03). B1/B1

homozygotes had a significantly lower TAG:HDL-C (20·23 (SD 0·58) mmol/l; P¼0·03) ratio after the kiwifruit intervention than after the

control intervention, whereas the ratio of B2 carriers was not affected. The lipid response was not affected by other gene polymorphisms.

In conclusion, the significant decrease in the TAG:HDL-C ratio in B1/B1 homozygotes suggests that regular inclusion of green kiwifruit as

part of a healthy diet may improve the lipid profiles of hypercholesterolaemic men with this genotype.
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CVD is the leading cause of death globally(1). Plasma

HDL-cholesterol (HDL-C) concentrations are inversely associ-

ated with CVD risk and should be considered alongside

LDL-cholesterol in the management of dyslipidaemic individ-

uals(2,3). Low HDL-C concentrations may reflect disturbances

in TAG metabolism(2). In conjunction with increased con-

centrations of TAG and small-dense LDL (sLDL) particles,

they form the lipid triad or ‘atherogenic lipoprotein pheno-

type’ that is associated with obesity and insulin resistance

(IR), the prevalence and subsequent contribution to CVD

risk of which are steadily increasing(4). Therefore, an under-

standing of the determinants of HDL-C concentrations is

timely. Considerable variability in HDL-C concentrations

exists within population groups(3,5). Heritability estimates for

HDL-C concentrations range between 40 and 60 %. In

addition, a range of environmental and metabolic factors,

including TAG concentrations, waist circumference, high-

sensitivity C-reactive protein concentrations, IR, alcohol

consumption and smoking, have been shown to be associated

with HDL-C concentrations(3,5–7).

Fruit and vegetables have long been identified as key

elements of a cardioprotective diet. Yet, beyond the choles-

terol-lowering properties of dietary fibres, conclusive benefits

in relation to blood lipids remain largely unresolved. There

are inconsistent findings, for example, as to the beneficial

effects of flavonoid-rich fruit consumption on HDL-C con-

centrations(8,9). Genetics, for example, differences in the

prevalence of key gene variants, are likely to contribute to
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some of the variability in responses between populations.

To our knowledge, however, no studies have investigated

the variability in responsiveness of blood lipids to an inter-

vention involving fruit.

In 2010, we conducted a randomised controlled trial in

hypercholesterolaemic men, in which we assessed the

impact of consuming two green kiwifruit a day alongside a

healthy diet on plasma lipids. The primary results of this

trial indicated that the consumption of two green kiwifruit

every day for 4 weeks had favourable effects on plasma

HDL-C concentrations and the total cholesterol (TC):HDL-C

ratio compared with the consumption of a healthy control

diet alone(10).

Based on the primary results, one of the secondary objec-

tives of the above-mentioned trial was to select gene

polymorphisms related to lipid metabolism that could explain

the heterogeneity in response observed. For the present study,

we selected four SNP related to HDL metabolism, and given

the sample size, we focused on common variants with more

than 20 % minor allele frequencies. The SNP chosen were

the cholesteryl ester transfer protein (CETP) Taq1B, APOA1

275G/A, hepatic lipase (LIPC) 2514C ! T, and endothelial

lipase (LIPG) I24582 (Tþ2864C/In8) variants.

CETP TaqIB is one of the most widely studied polymorph-

isms(11), and substantial evidence from meta-analyses shows

an association with HDL-C concentrations(12,13). Evidence is

more limited for the other three SNP, but all have been

reported to be associated with either HDL-C concen-

trations(14–17) or related factors(18–20).

Therefore, the aim of the present study was to assess the

effects of these selected HDL-C-related polymorphisms on

the plasma lipid response to a kiwifruit intervention.

Subjects and methods

Subjects and study design

Data for the analyses reported herein were obtained as part of

an 8-week randomised controlled cross-over trial conducted

between May and September 2010. The details of study parti-

cipant recruitment, flow diagram, participants and protocol

have been described previously(10). Briefly, eighty-seven

hypercholesterolaemic men with a LDL-cholesterol concen-

tration .3·0 mmol/l and a plasma TAG concentration

,3·0 mmol/l but otherwise who were healthy, non-smokers

and not taking any cholesterol-lowering medication were

recruited from the Auckland region in New Zealand. The

study was conducted according to the guidelines laid down

in the Declaration of Helsinki, and all procedures involving

human subjects were approved by the Massey University

Human Ethics Committee: Southern A 09/76. Written informed

consent was obtained from all the subjects. The trial was regis-

tered with the Australian New Zealand Clinical Trials Registry

(no. ACTRN12610000213044, http://www.ANZCTR.org.au).

The measurement of anthropometric parameters (height,

waist circumference, weight and percentage body fat) and col-

lection of blood samples for lipid analyses were carried out

during the first visit (baseline 1) to the Massey University

Human Nutrition Research Unit. The subjects had to complete

a 3 d food record before attending a nutrition consultation

with a nutritionist, during which details of the healthy diet

that the subjects were required to follow for the 12 weeks of

the study were outlined. The healthy diet was based on the

Heart Foundation of New Zealand’s ‘9 steps to Eating for a

Healthy Heart’ and was also used to make recommendations

to improve their current dietary habits (Gammon et al.(10),

Supplementary table (available online)) and included the

requirement that they consume at least two servings of fruit

(other than kiwifruit) per d. The nine steps are a series of

guidelines to encourage individuals to make healthier choices

focused on heart health, such as incorporating fruit and/or

vegetables in every meal, choosing whole-grain breads and

cereals instead of white and low-fibre varieties, and reducing

salt, saturated fat and alcohol intakes. After completing their

4-week healthy diet run-in period, the subjects returned to

the research unit and were randomly assigned, using compu-

ter-generated random numbers (http://www.randomization.

com), to one of two 4-week intervention sequences: healthy

diet alone (control intervention) or replacement of two of

their normal fruit servings with two Zespriw Green kiwifruit

(Actinidia deliciosa var. Hayward) per d (average weight

without skin 176 g/d, which is approximately equivalent to

2 £ 80 g standard fruit portions) plus a healthy diet (kiwifruit

intervention). The collection of additional blood samples

and measurement of anthropometric parameters and blood

pressure were carried out, and a 24 h food record was com-

pleted by a nutritionist during this visit (baseline 2) and at

the end of each intervention period, as detailed in Gammon

et al.(10). The subjects were requested to maintain their

normal daily routine (including physical activity) for the dur-

ation of the study, and compliance was monitored by

weekly self-completed diaries.

Laboratory measurements

Venous blood samples were collected into vacutainers buf-

fered with EDTA or heparin or without an anticoagulant

after an 8 h fast. Once processed, aliquots were stored at

2808C for analysis in one batch at the end of the study.

Buffy coat aliquots were stored in LoBind DNA-free Eppen-

dorf tubes (Eppendorf). Plasma lipid, serum apo, plasma

glucose and insulin, and serum high-sensitivity C-reactive

protein analyses were conducted by Canterbury Health

Laboratories, Christchurch, New Zealand (IANZ ISO

15 189)(10). SNP determination and sLDL analysis were con-

ducted at the Biomedical Research Centre, University of East

Anglia, Norwich, UK. The homeostasis model assessment 2

model was used to calculate IR, based on fasting insulin and

glucose concentrations(21).

All the subjects (excluding one subject who requested not to

be included in any gene analysis) were directly genotyped for

four selected polymorphic sites: CETP Taq1B (rs708272);

APOA1 275G/A (rs670); LIPC 2514C ! T (rs1800588); LIPG

I24582 (T þ 2864C/In8) (rs6507931). Genomic DNA was iso-

lated from the buffy coat samples using the QIAamp DNA

Mini Blood Kit (catalogue no. 51 104, QIAGEN Limited).

C. S. Gammon et al.1078
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Applied Biosystems 7500 Fast Real-Time PCR System (software

version 2.0.5; Applied Biosystems) and TaqManw SNP geno-

typing assays (Applied Biosystems) were used to determine

the allelic discrimination of the selected gene variants.

Statistical analyses

A power calculation was carried out to establish the sample

size for the primary study, and it was based on detecting a

difference of 0·5 mmol/l in TC and LDL-cholesterol concen-

trations between the interventions and on the prevalence of

apo E4 allele carriers(10). The sample sizes of 51 and 31 in

the Taq1B B2 carrier and B1/B1 groups, respectively, retro-

spectively provided 98 % power in the B2 carrier group and

87 % power in the B1/B1 group to detect a mean difference

of 0·24 mmol/l in the TC:HDL-C ratio at an a-level of 0·05.

This was based on the significant difference in the TC:HDL-C

ratio of B1/B1 homozygotes during the kiwifruit and control

intervention periods. This difference was related to about a

12 % reduction in CVD risk(22). Additionally, the sample size

provided 70 % power to detect a genotype £ treatment inter-

action for the TC:HDL-C ratio.

Statistical analyses were carried out using IBM SPSS statistics

version 20 (IBM Corporation). Normal distributions were

tested using the Kolmogorov–Smirnov, Shapiro–Wilk tests

and normality plots. Non-normally distributed data were trans-

formed into approximately normal distributions, if possible,

by logarithmic transformations. Normally distributed data are

expressed as means and standard deviations or, when report-

ing inter-group differences, as mean difference with their

standard errors. Non-normally distributed data are expressed

as geometric means (95 % CI) if log-transformed (Table 1)

or medians (25th and 75th percentiles) (Table 2).

The data were examined for any interaction effects due to

the sequence of interventions (kiwifruit followed by control

and vice versa) using a two-way ANOVA. No interaction was

observed, and so data collected during the two intervention

periods were combined.

Multivariate ANOVA was used as an initial screen to investi-

gate differences in the multivariate patterns of lipid variables

between the genotype groups (major allele homozygotes v.

minor allele carriers) to reduce the likelihood of chance find-

ings from multiple comparisons.

Significant effects of CETP Taq1B on the multivariate pattern

of lipid responses were observed, and this observation was

Table 1. Positions and genotypic distributions of the selected SNP and HDL-cholesterol (HDL-C) concentrations in the study population at baseline

(Mean values and standard deviations; geometric means and 95 % confidence intervals)

Genes SNP ID Chromosome Location Genotypes n % HDL-C (mmol/l)* Mean SD P

CETP Taq1B rs708272 16 Intron AA (B2/B2) 16 19·5 B2 v. B1/B1 carriers 1·41 0·32
GA (B1/B2) 35 42·7 1·31 0·34
GG (B1/B1) 31 37·8 0·18

Geometric
mean

95 % CI

APOA1 275G/A rs670 11 Promoter AA 5 6·1 A v. G/G carriers 1·29 1·20, 1·38
GA 30 36·6 1·38 1·29, 1·48
GG 47 57·3 0·15

LIPC 514C ! T rs1800588 15 Intergenic/
unknown

CC 48 58·5 C/C v. T carriers 1·35 1·27, 1·44
CT 27 32·9 1·32 1·22, 1·44
TT 7 8·5 0·65

LIPG I24582
(T þ 2864C/In8) rs6507931 18 Intron CC 18 21·4 C v. T/T carriers 1·33 1·26, 1·40

CT 40 47·6 1·39 1·25, 1·53
TT 26 31·0 0·41

ID, identification; CETP, cholesteryl ester transfer protein; LIPC, hepatic lipase; LIPG, endothelial lipase.
* Mean values were significantly different between the genotype groups at baseline 1 (minor allele carriers v. major allele homozygotes) (P,0·05; independent Student’s t test).

Table 2. Baseline characteristics of the subjects by cholesteryl ester
transfer protein (CETP) Taq1B genotype group

(Mean values and standard deviations at baseline 1, unless otherwise
indicated; median values and 25th and 75th quartiles)

CETP Taq1B

B2 carriers
(n 51)

B1/B1 homo-
zygotes (n 31)

Variables Mean SD Mean SD P *

Age (years) 47 10 50 9 0·09
Height (m) 1·78 0·06 1·77 0·06 0·63
Weight (kg) 87·5 15·2 85·0 17·6 0·50
BMI (kg/m2) 27·6 3·7 27·0 4·2 0·52
Waist circumference (cm) 94·0 10·4 92·3 9·9 0·46
% Body fat 27·3 7·3 28·0 8·2 0·71
SBP (mmHg)† 123 10 122 10 0·76
DBP (mmHg)† 71 9 71 9 0·70
HOMA2-IR† 0·76

Median 1·03 0·96
25th–75th quartile 0·64–1·47 0·60–1·72

hs-CRP (mg/l)† 0·70
Median 0·98 1·06
25th–75th quartile 0·61–2·16 0·52–1·83

SBP, systolic blood pressure; DBP, diastolic blood pressure; HOMA2-IR, homeo-
stasis model assessment 2 model for insulin resistance; hs-CRP, high-sensitivity
C-reactive protein.

* Values were significantly different between B2 carriers and B1/B1 homozygotes
(P,0·05; independent Student’s t test and Mann–Whitney test).

† Values obtained at baseline 2.

TaqIB influences response to kiwifruit 1079
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backed by an assessment of assumptions and univariate

patterns. Therefore, further analysis of this genotype was

conducted. Repeated-measures ANOVA was used to examine

genotype £ treatment interactions. For ANOVA interactions

where P,0·05, a stratified analysis was carried out. Data

were stratified by genotype group, and within-group com-

parisons between baseline 2 and end of the intervention

periods (control and green kiwifruit interventions separately)

and between the control intervention period and the kiwifruit

intervention period for changes in each univariate lipid

measure were made using dependent Student’s t tests.

Between-group comparisons for other variables were made

using independent Student’s t tests or Mann–Whitney test

for non-normal data. Differences were considered significant

at P,0·05.

Results

As has been reported previously, eighty-five subjects com-

pleted the 12-week trial(10). Genotyping was completed for

eighty-four subjects, although alleles for two subjects for

three of the SNP could not be determined. Table 1 reports

the positions and genotypic distributions for the four selected

SNP. HDL-C concentrations at baseline 1, by genotype group

(minor allele carriers v. major allele homozygotes), are also

reported in Table 1. There was no significant difference in

HDL-C concentrations between minor allele carriers and

major allele homozygotes for any SNP at baseline 1.

Based on the results of the initial statistical screening using

multivariate ANOVA, the CETP Taq1B SNP was found to affect

the lipid profile at baseline 2 (F(10,71) ¼ 3·561; P¼0·001).

No significant results were obtained for any other SNP;

therefore, further analysis was carried out only for the CETP

Taq1B SNP.

Baseline characteristics of the subjects by cholesteryl ester
transfer protein Taq1B genotype group

The baseline characteristics of the subjects stratified by CETP

Taq1B genotype group are summarised in Table 2. There

were no significant differences between the two groups for

any anthropometric parameter, blood pressure, homeostasis

model assessment 2-IR or high-sensitivity C-reactive protein

concentrations.

Dietary intakes during the interventions by cholesteryl
ester transfer protein Taq1B genotype group

Dietary intakes according to genotype group are summarised

in Table 3. There was a small, but significant difference in

energy intake between kiwifruit and control intervention

periods in both groups. No significant differences in

macronutrient intake were seen between kiwifruit and control

intervention periods for either group. In both the groups,

significantly higher intakes were observed for vitamins

C and E during the kiwifruit intervention period than during

the control intervention period.

Table 3. Dietary intakes during the interventions by cholesteryl ester transfer protein Taq1B genotype group

(Mean values and standard deviations; median values and 25th and 75th quartiles, n 51 B2 carriers and n 31
B1/B1 homozygotes)

Baseline 2 End-Kiwifruit End-Control

Variables Mean SD Mean SD Mean SD P*

Energy (kJ)
B2 carriers 9261 2705 9759 2696 8987 2386 0·04
B1/B1 homozygotes 8774 2052 9226 1892 8211 1813 0·01

Fat (% energy)
B2 carriers 27·7 7·00 28·3 8·34 26·9 7·70 0·32
B1/B1 homozygotes 24·3 5·91 29·6† 5·88 27·3 6·87 0·14

Protein (% energy)
B2 carriers 19·9 4·98 19·5 4·94 19·9 4·50 0·61
B1/B1 homozygotes 19·2 5·95 20·0 4·17 19·9 4·84 0·92

Carbohydrate (% energy)
B2 carriers 48·5 8·64 49·5 9·20 50·0 9·71 0·69
B1/B1 homozygotes 53·1 9·83 47·4† 6·18 49·6† 8·43 0·22

Vitamin E (mg)
B2 carriers 9·58 3·51 13·4† 4·29 9·81 4·24 ,0·001
B1/B1 homozygotes 11·2 6·17 14·2† 4·66 8·03† 3·47 ,0·001

Vitamin C (mg)
B2 carriers 0·05

Median 122 296† 251†
25th–75th quartile 70·0–160 251–336 130–321

B1/B1 homozygotes ,0·001
Median 128 272† 182†
25th–75th quartile 80·7–152 226–336 89–282

End-Kiwifruit, end of the kiwifruit intervention period; End-Control, end of the control intervention period.
* Values were significantly different between the green kiwifruit and control interventions (P,0·05; dependent Student’s t test

or Wilcoxon signed-rank test).
† Mean values were significantly different from baseline 2 to the end of the intervention period (P,0·05; dependent Student’s

t test or Wilcoxon signed-rank test).
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When fruit servings per d were analysed by genotype,

no significant differences were observed between the two

groups for any period. At baseline 1, the median intake for

both groups was 1·33 servings per d (below recommen-

dations); this increased to two servings at baseline 2 and

three servings during the two intervention periods.

Effects of diet run-in period and interventions on body
weight by cholesteryl ester transfer protein Taq1B
genotype group

During the 4-week healthy diet run-in period, there were

small, but significant decreases in weight (mean difference

20·39 (SD 1·33) kg, P¼0·04) and BMI (mean difference

20·12 (SD 0·41) kg/m2, P¼0·05) in B2 carriers and in percen-

tage body fat (mean difference 20·60 (SD 1·35), P¼0·02) in

B1/B1 homozygotes. From the end of this period (baseline

2) to the end of the 8-week intervention period, there were

no changes in body weight in either group regardless of the

intervention received by the groups (green kiwifruit or

control) (Supplementary table, available online).

Effects of interventions on lipid concentrations by
cholesteryl ester transfer protein Taq1B genotype group

The effects of interventions on plasma lipid concentrations

by CETP Taq1B genotype group are summarised in Table 4.

At baseline 2, B2 carriers had significantly lower TC:HDL-C

ratio (mean difference 20·39 (SE 0·19) mmol/l, P ¼ 0·05),

TAG:HDL-C ratio (mean difference 20·31 (SE 0·15) mmol/l,

P ¼ 0·05), and apoB1:apoA1 ratio (mean difference 20·10

(SE 0·05) g/l, P ¼ 0·04) and sLDL concentrations (mean differ-

ence 20·24 (SE 0·12) mmol/l, P ¼ 0·05) than B1 homozygotes.

The differences between B2 carriers and B1 homozygotes

with regard to HDL-C and apoA1 concentrations were 0·14

(SE 0·07) mmol/l, P¼0·07, and 20·11 (SE 0·05) g/l, P¼0·06,

respectively.

There was no genotype £ treatment interaction for HDL-C

concentrations. The kiwifruit intervention resulted in greater

HDL-C concentrations than the control intervention in both

the genotype groups. The mean difference between kiwifruit

and control intervention periods for HDL-C was 0·06 (SD

0·10) mmol/l, P ¼ 0·002, for B1/B1 homozygotes and 0·05 (SD

0·15) mmol/l, P ¼ 0·03, for B2 carriers, with this group (B2 car-

riers) during the control intervention period having a significant

decrease from baseline 20·05 (SD 0·15) mmol/l, P¼0·02.

There was a significant genotype £ treatment interaction

for the TAG:HDL-C ratio (P¼0·03). On stratification for this

variable, the two genotype groups were found to differ in

response to the interventions, with B1/B1 homozygotes

responding favourably, with significant improvements being

observed during the kiwifruit intervention period than during

the control intervention period for the TAG:HDL ratio, 20·23

(SD 0·58) mmol/l, P¼0·03. There were no significant treat-

ment differences in B2 carriers. Since significant (P,0·05)

genotype £ treatment interactions were not observed for any

of the other lipid variables, results of stratified analysis for

these are not reported.

Discussion

To our knowledge, this is the first study to report a possible

association between a polymorphism in the CETP gene and

plasma lipid response to a fruit intervention. Since the results

are based on one SNP and a relatively small cohort, the findings

should be seen as explorative and will need to be confirmed in

future research in a larger sample.

The genotype frequencies for all the four SNP investigated

in the present study were in line with those reported by

other studies in the literature(12,14–17,19,23–25). However, there

Table 4. Changes in plasma lipid and apolipoprotein concentrations during the two intervention periods by cholesteryl ester transfer protein Taq1B gen-
otype groupk

(Mean values and standard deviations)

B2 carriers (n 51) B1/B1 homozygotes (n 31)

Baseline 2 Kiwifruit change Control change Baseline 2 Kiwifruit change Control change Between
groups

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD P‡

TC (mmol/l) 6·17 0·97 0·05 0·76 0·008 0·78 5·99 0·84 0·06 0·69 0·09 0·59 0·59
LDL-C (mmol/l) 4·00 0·74 20·002 0·59 0·03 0·65 3·88 0·73 0·07 0·54 0·09 0·48 0·93
HDL-C (mmol/l) 1·46 0·31 20·006 0·18 20·05* 0·15 1·33 0·35 0·05 0·16 20·01 0·13 0·75
TAG (mmol/l) 1·57 0·54 0·17 0·82 0·06 0·46 1·71 0·76 20·10 0·60 0·07 0·59 0·08
TC:HDL-C ratio 4·31† 0·60 0·07 0·40 0·17* 0·37 4·70† 0·96 20·12 0·39 0·12 0·44 0·14
TAG:HDL-C ratio 1·12† 0·44 0·15 0·66 0·08 0·35 1·43† 0·79 20·14 0·51 0·09 0·56 0·03

P§ 0·43 0·03
ApoA1 (g/l) 1·42 0·23 0·02 0·13 20·003 0·12 1·31 0·26 0·05 0·14 0·03 0·13 0·85
ApoB (g/l) 1·10 0·21 0·005 0·13 0·001 0·14 1·13 0·22 0·01 0·13 0·03 0·11 0·52
ApoB:apoA1 ratio 0·79† 0·16 20·004 0·09 0·009 0·08 0·89† 0·24 20·02 0·07 0·004 0·08 0·42
sLDL (mmol/l) 1·18† 0·50 0·04 0·38 0·03 0·37 1·41† 0·55 20·03 0·46 0·03 0·42 0·47

TC, total cholesterol; LDL-C, LDL-cholesterol; HDL-C, HDL-cholesterol; sLDL, small-dense LDL.
* Mean values were significantly different from baseline 2 to the end of the intervention period (P,0·05; dependent Student’s t test).
† Mean values were significantly different between B2 carriers and B1/B1 homozygotes (P,0·05; independent Student’s t test).
‡ Values were significantly different between the genotype groups, treatment £ gene interaction (P,0·05; repeated-measures ANOVA).
§ Values were significantly different between the kiwifruit and control interventions (P,0·05; dependent Student’s t test). Only P values for variables with an ANOVA interaction

(P,0·05) are reported.
kSubjects followed a cross-over design protocol during the two intervention periods.
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was a tendency towards a greater percentage of minor allele

carriers for APOA1 275G/A (42·7 v. 28–29·6 %)(23,25) in the

participants of the present study.

The CETP Taq1B genotype significantly modulated the

TAG:HDL-C ratio in response to the kiwifruit intervention.

Favourable effects of consuming two green kiwifruit a day

against the background of a healthy diet were observed on

the plasma TAG:HDL-C ratio, but only in B1/B1 homozygotes

of the CETP Taq1B genotype. The HDL-C response was not

modulated by the CETP Taq1B genotype, since improvements

were observed in both the genotype groups. Although no

genotype interactions were observed for the TC:HDL-C ratio

or TAG concentrations, the lack of observed effects may

have been due to insufficient power (70 % power to observe

an interaction effect on the TC:HDL-C ratio), as there were

trends of greater improvement in these variables in B1/B1

homozygotes, but not in B2 carriers.

The most established function of CETP is the mediation of

the transfer of neutral lipids, cholesteryl esters (mainly from

HDL-C) and TAG (found in TAG-rich lipoproteins, VLDL and

chylomicrons) between plasma lipoproteins(26,27). Elevated

CETP activity results in enhanced TAG enrichment of both

HDL and/or LDL, which are more readily remodelled by

LIPC into smaller particles. This consequently leads to a

decrease in plasma HDL-C and apoA1 concentrations as a

result of increased removal of these HDL remnants from circu-

lation by renal clearance and/or the hepatic holo-receptor and

an increase in the number of atherogenic sLDL particles(27,28).

The TaqIB polymorphism of the CETP gene is due to a base

change from G to A at position 277 in intron 1. It is not readily

apparent as to how this base change can modulate CETP

expression. However, it has been suggested that while the

SNP is not itself functional, it may act as a marker due to its

linkage disequilibrium with a functional variant(11,29). Moder-

ate inhibition of CETP activity and higher HDL-C and apoA1

and lower TAG concentrations have been observed in B2

carriers than in B1/B1 homozygotes(13). Conversely, B1/B1

homozygotes tend to have a more atherogenic lipoprotein

profile(30).

In the present study, minor allele frequency for CETP Taq1B

was 41 %, which compares closely with the value of 42 %

calculated in healthy white individuals in a meta-analysis(13).

B2 carriers tended to have higher HDL-C and apoA1 and

lower TAG concentrations than B1/B1 homozygotes at base-

line 2, but the differences were not significant, possibly as a

result of a lack of power. However, at baseline 2, TC:HDL-C,

TAG:HDL-C and apoB:apoA1 ratios and sLDL concentrations

were significantly lower in B2 carriers than in B1/B1 homo-

zygotes. Overall, this is suggestive of a better CVD risk profile

for B2 carriers, in line with the literature(13).

The current increase in obesity rates and associated deleter-

ious effects on lipid and lipoprotein metabolism, independent

of LDL-cholesterol concentrations, have led to much research

being focused on strategies to address these other lipoprotein

abnormalities. Recent research suggests that lipid and lipo-

protein ratios have a greater predictive value than isolated

parameters, with regard to CVD risk, as they more accurately

capture overall lipoprotein metabolism(4,31). The TAG:HDL-C

ratio has been suggested as a surrogate marker for IR,

describing altered lipid and carbohydrate metabolism(32). Fur-

thermore, the ratio is linked to the presence of atherogenic

sLDL(33). With improvements being observed in the

TAG:HDL-C ratio, the results of the present study indicate

that B1/B1 homozygotes of the CETP Taq1B SNP (more

than 30 % of the population) could particularly benefit from

the regular daily consumption of green kiwifruit. Although

modest, the reduction in the TAG:HDL-C ratio, if confirmed,

could be expected to translate into CVD risk reduction in

this group.

Although we did not measure CETP mass or activity, we

hypothesise that the variance in responses to the kiwifruit

intervention between B1/B1 homozygotes and B2 carriers

observed in the present study may be mediated in part by a

differential impact of kiwifruit bioactives on CETP activity,

with a greater inhibition in B1/B1 homozygotes along with

the net effect of increasing HDL-C and decreasing TAG con-

centrations. In a 6-week study in hamsters, the addition of

apple polyphenols to a control diet has been found to lower

CETP activity and result in higher HDL-C and lower TAG

concentrations. The inhibition of CETP by apple polyphenols

has also been confirmed in vitro (34). Some of these apple

polyphenols are also found in kiwifruit, with kiwifruit also

containing a high percentage of additional unextractable

(non-identified) phenolics(35–37).

A strength of the present study was the randomly controlled

cross-over design, as this is considered to be the most robust

statistically to identify inter-individual variability in dietary

responses, as subjects serve as their own controls(38). The

SNP chosen were carefully considered with regard to factors

such as the frequencies of the alleles and their relationship

with HDL metabolism.

As a retrospective analysis, which is, therefore, exploratory

by nature, the study does have some limitations. Importantly,

mechanistic pathways could not be explored, including

whether kiwifruit can inhibit CETP activity. The study was

also conducted in a specific population group. Therefore, it

will be important for future studies to not only confirm our

findings, but also to test the effects in other populations,

including women.

In conclusion, we report that the Taq1B polymorphism of

the CETP gene could modulate the plasma lipid response

to the consumption of green kiwifruit against an overall

healthy diet background in hypercholesterolaemic males,

with improvements in the TAG:HLD-C ratio of B1/B1 homozy-

gotes, a group at a higher risk of an atherogenic lipoprotein

profile. Although moderate, if confirmed, these effects could

be expected to translate into an overall reduction of CVD

risk in B1/B1 homozygotes and add to the accumulating

evidence that this genotype may particularly benefit from

targeted interventions.

These findings add to the body of evidence on diet–gene

interactions, which may in future lead to a greater persona-

lisation of dietary recommendations. However, this area of

research is far more complex than first thought, and the

challenge is to integrate multiple genetic, physiological and
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environmental interactions into stratified recommendations

that will afford maximum benefit to individuals(38,39).
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