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Purpose: Analysis of mutations in genes of the cholesterol metabolic pathway has not completely explained the

interindividual variability of blood cholesterol concentrations attributed to gene–nutrient interactions. Thus, we

analyzed polymorphisms in the ABCG5 and ABCG8 genes, involved in the regulation of intestinal cholesterol

absorption, with special interest in a potential interaction with diet to determine lipid levels. Methods: The

polymorphisms ABCG5 C1950G (Gln604Glu) and ABCG8 C1895T (Ala640Val) were determined by polymerase

chain reaction and restriction analysis in 1227 healthy school children, aged 6 to 8 years. Results: No significant

differences were found in blood lipid levels between subjects with different genotypes of the two analyzed

polymorphisms. However, important differences appeared when separating subjects by their different lipid intake.

The presence of the ABCG8 C1895T and ABCG5 C1950G polymorphisms was associated with different plasma

total cholesterol, low-density lipoprotein cholesterol complex, and apolipoprotein B levels only in low-cholesterol

consumers (significantly for the C1895T polymorphism), and among children within the lower tertile of saturated

fat intake (significantly for the C1950G polymorphism). Conclusion: Polymorphisms at the half-transporter ABCG5

and ABCG8 genes affect blood cholesterol concentrations in prepubertal children by influencing dietary respon-

siveness. This highly significant gene–nutrient interaction could explain the great individual differences in the

plasma lipid response to cholesterol and fat intake. Genet Med 2006:8(9):594–599.

Atherosclerosis is a complex, multifactorial disease in
which many genes, environmental factors, and interactions
between them are involved. Increased consumption of cho-
lesterol and saturated fat has been shown to be associated
with higher plasma cholesterol levels and increased risk of
cardiovascular disease.1,2 However, well-controlled experi-
mental studies have demonstrated that individuals differ
widely in the response of their plasma cholesterol concen-
trations to dietary cholesterol and saturated fat.3,4 A genetic
determination of this variability has been documented;5,6

however, the analysis of the influence of common muta-
tions in relevant genes of cholesterol metabolic pathways
(apolipoproteins [apo], receptors, and enzymes) on the re-
sponsiveness to dietary fat and cholesterol has not com-
pletely explained the wide interindividual variability in the
responsiveness to diet,7 suggesting the intervention of other

unknown genes and factors. Studies undertaken to deter-
mine the relationship between dietary cholesterol absorp-
tion and plasma lipoprotein levels showed large individual
differences in dietary cholesterol absorption, suggesting a
genetic variation among humans in the regulation of this
process.8,9

When cholesterol absorption was studied, two members of the
human adenosine triphosphate (ATP) Binding Cassette (ABC)
transporter family,10 ABCG5 and ABCG8, seem to play a capital
role.10,11 These two ATP-dependent half-transporters join to
form a transport unit that regulates the absorption of cholesterol
from the diet (intestine) and its excretion in the bile (liver).11

Their discovery came from the study of a rare genetic disease,
sitosterolemia, characterized by abnormal sterol levels in the
blood, caused by the genetic disruption of the ABCG5/G8 trans-
port unit.12 Several mutations in the ABCG5 and ABCG8 genes
were identified at this time in sitosterolemic patients.13–15 In ad-
dition, common polymorphic variants of these genes have been
hypothesized to be related to plasma lipid level differences in the
general population, although this association is not clear yet.16,17

Thus, in this study we examined the influence of two of those
polymorphisms in the ABCG5 and ABCG8 genes (C1950G
[Gln604Glu] and C1895T [Ala640Val], respectively), on deter-
mining plasma lipid levels in a sample-based population of 1227
healthy Spanish children, with special attention to the potential
effect of dietetic parameters in this determination.

From the 1Lipid Unit, Fundación Jiménez Dı́az, Universidad Autónoma de Madrid, Madrid,

Spain; 2Biochemistry Research Department, Hospital Ramón y Cajal, Universidad de Alcalá,
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MATERIALS AND METHODS
Population

The study population included 1227 healthy school children
(621 males and 606 females) between 6 and 8 years old (average
age of 6.7 years) who participated in a voluntary analysis of
cardiovascular risk factors in Spain over the period 1998 to
2000. All were free of any endocrine, metabolic, hepatic, or
renal disorder. Sampling was randomized and stratified by
pools of school centers in each participating city. More detailed
information about the design of the study is available in previ-
ous publications.18,19 The study protocol complied with Hel-
sinki Declaration guidelines and Spanish legal provisions gov-
erning clinical research on humans, and was approved by the
Clinical Research Ethics Committee of the Fundación Jiménez
Dı́az in Madrid, Spain. Parents were required to sign a written
consent for participation of their children in the study.

Anthropometric measurements

Height and weight were determined when children were
lightly dressed and without shoes. Height was measured to the
nearest 0.1 cm using a portable stadiometer, and weight was
recorded to the nearest 0.1 kg using a standardized electronic
digital scale. From these measurements, a body mass index
(weight [kilograms] divided by the square of height [meter])
was calculated.

Blood sampling, lipid, and apolipoprotein analyses

Fasting (12 hours) venous blood samples were obtained
from every child early in the morning by venipuncture into a
Vacutainer tube containing EDTA. Plasma cholesterol and tri-
glyceride levels were determined enzymatically (Menarini Di-
agnostics, Florence, Italy) with an RA-1000 Autoanalyzer.
High-density lipoprotein-cholesterol complex (HDL-C) was
measured after precipitation of apoB-containing lipoproteins
with phosphotungstic acid and magnesium (Roche Diagnos-
tics, Basel, Switzerland). Low-density lipoprotein-cholesterol
(LDL-C) was calculated according to Friedewald’s formula.
Plasma apoAI and apoB concentrations were quantified by
immunonephelometry (Array System, Beckman Coulter,
Fullerton, CA).

Analytic variability was evaluated by Quality Control Service
(Roche) using commercial control sera (Precinorm and Pre-
cipath, Roche). The interassay coefficients of variation were as
follows: cholesterol 1.4%, triglyceride 1.7%, apoAI 5.5%, and
apoB 4.8%.

DNA extraction and polymorphism analysis

Genomic DNA was prepared from leukocytes. For ABCG5
C1950G genotyping, DNA was amplified by polymerase chain
reaction using the primers 5= CCTTGACAGGCAGCTCAAATG
3= and 5= CAGAGCCAGTCATGCACAGTCG 3= as described.13

The 260-base pair amplified fragment was restricted with the en-
zyme PdmI, and the DNA fragments were separated by an 8%
polyacrylamide gel electrophoresis. For ABCG8 C1895T genotyp-
ing, DNA was amplified by polymerase chain reaction using the

primers 5= ATGAGCCCACTGCATGTCT 3= and 5= AGTT-
GAAGGGTCTGCTCAGGT 3=, and the 219-base pair amplified
fragment was restricted with the enzyme NcoI.13

Nutritional data

Information on food and nutrition was obtained through a
food frequency questionnaire (FFQ). A complete description
of the FFQ is available in previous publications.19,20 Food and
nutritional data were collected, at each school, by a field team
made up of a physician, a nurse, and a group of persons pur-
pose-trained in the use of this FFQ. The questionnaire in-
cluded a total of 77 food codes grouped under 11 heads by
affinity in nutrient content. For each food, the usual size of the
serving eaten was defined and the mean frequency of con-
sumption of such servings over the previous year was ascer-
tained. With the use of Spanish food-composition tables, a
food frequency conversion program was designed that fur-
nished a database with the annual food consumption and daily
nutrient intake frequencies for each individual surveyed. This
enabled nutrient and total caloric intake to be estimated.

Statistical analysis

Statistical analyses were carried out with the SPSS software
package, version 9.0 (SPSS Inc., Chicago, IL). The Student t
and chi-square tests were applied to test differences in means
and percentages between boys and girls and between groups
consuming more or less than 300 mg/day of cholesterol. A t test
analysis was used to compare lipid and apolipoprotein levels
between subjects with or without the mutations.

RESULTS

Table 1 shows anthropometric, biochemical, and genetic data
from the children according to gender. The frequencies of the
ABCG8 C1895T genotypes were 63.2% for AA, 33.1% for AV, and
3.7% for VV. The prevalence of the V allele was 20.2%. The fre-
quencies of the ABCG5 C1950G genotypes were 71.8% for CC,
27.1% for CG, and only 1.1% for GG. The prevalence of the G
allele was 14.6%; 54.9% of the children in our study present the
mutation in at least one of the genes. Genotype frequencies did
not deviate from the Hardy-Weinberg equilibrium.

Table 2 shows mean plasma lipid levels by gender according
to the ABCG8 C1895T and ABCG5 C1950G variations. We did
not find any significant differences in plasma lipid levels be-
tween subjects with the different genotypes of either of the two
polymorphisms in either sex.

Influence of diet in the effect of these polymorphisms on
blood lipid levels was also to be tested. We examined the influ-
ence of the polymorphisms on lipid levels according to adher-
ence to the World Health Organization’s recommendations
for cholesterol intake (�300 mg/day). Mean daily cholesterol
intake was 244 mg/day in those with a cholesterol intake less
than 300 mg/day and 422 mg/day in children with a cholesterol
intake of 300 mg/day or greater. The mean caloric intake was
1895 kcal/day in the low cholesterol intake group and 2272
kcal/day in the high cholesterol intake group. Except for apoAI
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levels (significantly higher in those children with a cholesterol
intake �300 mg/day), cholesterol intake did not affect lipid
levels in the group as a whole (data not shown). However,
when analyzing the influence on lipid levels of the ABCG5
C1950G and ABCG8 C1895T polymorphisms in noncarriers of
the other studied mutation, depending on the intake of dietary
cholesterol, we found that total cholesterol (TC) and LDL-C
and apoB concentrations were different by genotypes for both
polymorphisms only among those children consuming lower
amounts of cholesterol. These differences were significant for
the ABCG8 C1895T polymorphism in the group of subjects
without the ABCG5 1950G allele in boys (Table 3) and in girls
(Table 4). Among those consuming more than the recom-
mended 300 mg/day of cholesterol, no differences were found
between genotypes. In girls, the presence of the ABCG8 AV
genotype was associated with significantly higher TC (16.9 mg/
dL; P � .01), LDL-C (14.8 mg/dL; P � .01), and apoB (8.4
mg/dL; P � .01) levels when consuming less than 300 mg/day
of cholesterol, whereas no significant differences existed with a
cholesterol intake over that limit (Table 4). No significant in-
teraction was found between the polymorphisms and choles-
terol intake on HDL-C, TG, or apoAI.

When the effect of saturated fat intake was studied, a division of
the population according to adherence to the World Health Or-
ganization’s recommendations was not possible, because only 2 of
the more than 1000 children included in the study were found to
comply with the recommendations. Therefore, the population
was divided in statistical tertiles of saturated fat intake. The mean
concentrations of daily saturated fat intake ranged from 14.3 to
34.1 g/day in tertile I, 34.2 to 41.9 g/day in tertile II, and 42.0 to
104.4 g/day in tertile III. When analyzing by tertiles, we found

Table 2
Plasma lipid levels according to the ABCG5 C1950G and ABCG8 C1895T polymorphisms

TC LDL-C apoB TG HDL-C apoAI

Boys

ABCG8 C1895T AA (382) 181.2 (26.6) 107.1 (25.3) 68.7 (14.2) 70.7 (22.2) 60.0 (13.1) 137.5 (19.1)

AV (216) 183.2 (25.5) 108.6 (24.4) 69.3 (14.2) 70.1 (23.2) 60.5 (12.8) 139.1 (18.9)

VV (23) 178.4 (23.5) 102.6 (24.5) 68.4 (13.4) 65.8 (21.9) 62.6 (14.6) 142.4 (16.8)

ABCG5 C1950G CC (452) 181.7 (25.8) 107.2 (25.0) 69.0 (14.0) 70.6 (23.3) 60.4 (12.9) 138.3 (18.7)

CG (164) 182.1 (26.7) 108.2 (24.9) 68.7 (14.6) 69.8 (20.7) 59.8 (13.6) 138.3 (19.9)

GG (5) 173.6 (38.6) 102.2 (27.7) 67.0 (14.6) 63.1 (7.2) 58.8 (12.5) 132.6 (10.4)

Girls

ABCG8 C1895T AA (395) 182.7 (28.0) 109.3 (25.6) 71.3 (14.6) 72.6 (14.6) 58.9 (12.8) 135.5 (18.7)

AV (190) 186.3 (28.4) 112.2 (27.4) 72.4 (15.4) 74.8 (24.1) 59.2 (13.5) 136.6 (18.8)

VV (22) 182.9 (28.2) 112.3 (25.3) 68.8 (14.1) 71.7 (16.9) 56.2 (13.9) 133.7 (21.7)

ABCG5 C1950G CC (429) 183.4 (28.2) 110.2 (25.9) 71.2 (14.7) 72.9 (25.4) 58.6 (12.1) 135.8 (18.9)

CG (168) 185.8 (28.0) 111.6 (26.7) 72.7 (15.1) 74.7 (24.0) 59.2 (14.8) 135.5 (18.7)

GG (10) 171.6 (24.1) 94.7 (28.7) 64.9 (9.8) 64.1 (12.2) 64.1 (22.0) 136.6 (18.5)

TC, total cholesterol; LDL-C, low-density lipoprotein-cholesterol; apo, apolipoprotein; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol.
Values are given as mean (standard deviation), and expressed in milligrams/deciliter.

Table 1
Anthropometric, biochemical, and genotypic characteristics from children

according to gender

Boys
(n � 621)

Girls
(n � 607)

Total
(n � 1228)

Age (y) 6.70 (0.69) 6.70 (0.70) 6.71 (0.70)

Weight (kg) 26.95 (5.31) 26.70 (5.47) 26.83 (5.39)

Height (m) 1.26 (0.06) 1.25 (0.07)a 1.25 (0.06)

BMI (kg/m2) 16.98 (2.40) 17.00 (2.51) 16.99 (2.45)

TC (mg/dL) 181.7 (26.0) 183.8 (28.1) 182.8 (27.9)

LDL-C (mg/dL) 107.4 (24.9) 110.3 (26.2)a 108.9 (25.6)

apoB (mg/dL) 68.9 (14.1) 71.5 (14.8)b 70.2 (14.5)

TG (mg/dL) 70.3 (22.5) 73.2 (24.9)a 71.7 (23.7)

HDL-C (mg/dL) 60.2 (13.0) 58.9 (13.1) 59.5 (13.1)

apoAI (mg/dL) 138.2 (18.9) 135.7 (18.8)a 137.0 (18.9)

ABCG8 C1895T
genotype

AA 382 (61.5) 395 (65.0) 777 (63.2)

AV 216 (34.8) 190 (31.4) 406 (33.1)

VV 23 (3.7) 22 (3.6) 45 (3.7)

ABCG5 C1950G
genotype

CC 452 (72.8) 429 (70.8) 881 (71.8)

CG 164 (26.4) 168 (27.7) 332 (27.1)

GG 5 (0.8) 10 (1.5) 15 (1.1)

BMI, body mass index; TC, total cholesterol; TG, triglyceride; LDL-C, low-
density lipoprotein-cholesterol; apo, apolipoprotein; HDL-C, high-density li-
poprotein-cholesterol.
Quantitative values are listed as mean (standard deviation) and genotype fre-
quencies as n (%).
aSignificantly different from boys (P � .05).
bSignificantly different from boys (P � .01).
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differences between genotypes for the ABCG5 C1950G and
ABCG8 C1895T polymorphisms in noncarriers of the minor al-
lele of the other studied polymorphism in boys and in girls only in
the low tertile of saturated fat intake (Tables 3 and 4). Thus, in this
lowest tertile, male noncarriers of the ABCG8 C1895T mutation

who were carriers of the minor allele (G) of ABCG5 C1950G poly-
morphism had significantly higher TC (15.2 mg/dL; P � .05),
LDL-C (17.1 mg/dL; P � .05), and apoB (4.1 mg/dL; P � .05)
levels (Table 3). Levels between groups of children within the
highest tertiles of saturated fat intake are almost identical.

Table 3
Plasma lipid levels according to the ABCG5 C1950G and ABCG8 C1895T polymorphisms and cholesterol and saturated fat intake in boys

TC LDL-C apoB TG HDL-C apoAI

ABCG8 C1895T in subjects with ABCG5 CC genotype

Cholesterol intake
�300 mg/d

AA (73) 176.9 (26.9) 104 (25.6) 67.7 (14.9) 73.5 (23.5) 58.1 (12.7) 135.9 (21.1)

AV (51) 185.1 (24.9)a 108.3 (25.6) 72.5 (153)a 75.8 (25.2) 61.6 (12.8) 137.0 (16.8)

VV (3) 174.7 (16.1) 112.4 (17.9) 69.2 (14.9) 50.8 (2.0) 52.1 (13.3) 129.0 (17.3)

Cholesterol intake
�300 mg/d

AA (164) 181.7 (24.6) 108.2 (25.1) 69.4 (13.7) 70.4 (22.1) 59.3 (12.9) 137.2 (18.9)

AV (81) 182.5 (26.6) 107.7 (25.1) 67.5 (13.4) 67.8 (18.9) 61.2 (12.8) 142.2 (17.7)

VV (8) 169.7 (19.8) 99.1 (14.9) 67.7 (8.9) 71.2 (20.3) 56.3 (9.6) 142.9 (21.9)

ABCG5 C1950G in subjects with ABCG8 AA genotype

Tertile I saturated
fat intake

CC (53) 175.4 (24.8) 101.2 (24.2) 66.6 (13.1) 70.3 (21.4) 60.2 (13.6) 135.6 (21.1)

CG (17) 190.6 (29.2)a 118.3 (27.6)a 74.3 (14.5)a 73.0 (26.1) 57.7 (11.5) 135.6 (19.3)

GG (0)

Tertiles II and III
saturated fat
intake

CC (238) 182.6 (26.1) 108.8 (25.7) 69.7 (14.2) 72.3 (23.6) 59.3 (12.5) 138.5 (19.2)

CG (87) 182.4 (25.7) 107.7 (24.9) 68.5 (13.9) 70.2 (18.8) 60.7 (13.7) 139.9 (18.2)

GG (1) 154.0 89.2 63.0 58.0 53.2 132.0

TC, total cholesterol; LDL-C, low-density lipoprotein-cholesterol; apo, apolipoprotein; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol.
Values are given as mean (standard deviation), and expressed in milligrams/deciliter.
aSignificantly different from noncarriers of the minor allele (P � .05).

Table 4
Plasma lipid levels according to the ABCG5 C1950G and ABCG8 C1895T polymorphisms and cholesterol and saturated fat intake in girls

TC LDL-C apoB TG HDL-C apoAI

ABCG8 C1895T in subjects with the ABCG5 CC genotype

Cholesterol intake
�300 mg/d

AA (99) 179.6 (29.8) 107.5 (25.8) 70.1 (14.6) 72.5 (22.7) 57.6 (12.8) 134.2 (20.1)

AV (44) 196.5 (30.2)a 122.3 (30.3)a 78.5 (16.0)a 71.1 (20.8) 59.9 (13.1) 136.1 (17.9)

VV(4) 190.5 (28.3) 114.5 (14.6) 68.9 (11.5) 73.3 (20.1) 61.3 (15.4) 140.0 (16.8)

Cholesterol intake
�300 mg/d

AA (138) 184.6 (27.2) 110.6 (25.2) 72.2 (14.3) 75.0 (30.2) 59.0 (11.4) 137.8 (18.4)

AV (75) 181.7 (25.4) 108.1 (24.2) 70.6 (14.3) 76.7 (23.4) 58.3 (11.8) 136.9 (20.6)

VV (13) 180.7 (29.7) 109.5 (27.4) 68.8 (14.5) 69.8 (10.4) 57.2 (15.1) 133.8 (25.6)

ABCG5 C1950G in subjects with the ABCG8 AA genotype

Tertile I saturated
fat intake

CC (101) 180.5 (29.9) 107.4 (26.5) 71.5 (14.2) 74.6 (25.7) 58.2 (13.0) 135.6 (21.1)

CG (44) 187.0 (30.0) 111.4 (30.5) 75.6 (17.5) 74.7 (17.5) 60.5 (14.6) 137.2 (21.6)

GG (0)

Tertiles II and III
saturated fat
intake

CC (185) 185.4 (28.0) 112.0 (25.9) 72.1 (15.3) 74.0 (26.5) 58.6 (11.9) 136.8 (18.9)

CG (66) 187.4 (28.4) 115.7 (26.9) 73.8 (14.4) 80.2 (27.8) 55.6 (16.1) 133.1 (17.7)

GG (5) 170.4 (29.6) 103.0 (28.2) 61.1 (11.1) 62.7 (5.9) 54.9 (5.6) 126.0 (5.14)

TC, total cholesterol; LDL-C, low-density lipoprotein-cholesterol; apo, apolipoprotein; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol.
Values are given as mean (standard deviation), and expressed in milligrams/deciliter.
aSignificantly different from noncarriers of the minor allele (P � .01).
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DISCUSSION

Dietary recommendations are important to achieve con-
trolled lipid levels. However, not all individuals benefit equally
from fat and cholesterol intake restriction.3,4 Genetic factors
seem to be related with whether individuals are either “dietary
responsive” or “dietary nonresponsive.”5,6 Mutations in cho-
lesterol metabolic pathways fail to completely explain this ge-
netic determination,7 justifying the analysis of mutations in
another metabolic process that could influence cholesterol re-
sponsiveness: the absorption of dietary cholesterol. A new line
of investigation has been opened with the study of the ABC
half-transporters G5 (ABCG5) and G8 (ABCG8) that cooper-
ate to provide a barrier to cholesterol accumulation.11

On studying the influence of a frequent polymorphism in
each one of these genes in a population-based sample of Span-
ish children, we found a highly significant gene–nutrient inter-
action on determining lipid levels. The ABCG5 C1950G and
ABCG8 C1895T polymorphisms were not related with the lipid
profile when analyzing the group as a whole. Diet is not directly
related to plasma lipid levels either. However, when high
(�300 mg/day) and low (�300 mg/day) cholesterol intake
groups or tertiles of saturated fat intake were considered, an
important association of the ABCG8 C1895T and ABCG5
C1950G polymorphisms with blood lipid levels was observed,
with significantly higher TC, LDL-C, and apoB levels in carri-
ers of the less common allele for these polymorphisms only
among the children consuming less than the recommended
limit of 300 mg/day of cholesterol or belonging to the lower
tertile of saturated fat intake. Such differences are not present
in children consuming more than the recommended limit of
cholesterol or in the higher tertile of saturated fat.Other signif-
icant gene–nutrient interactions have been reported for fat in-
take. Fat intake was found to modify the effect of a polymor-
phism at the hepatic lipase gene on HDL-C levels.21 The
possible effect of the ABCG5 C1950G polymorphism on re-
sponsiveness to diet has been suggested for adults.17

Our data showed that consuming less than 300 mg/day of
cholesterol or a lower amount of fat was associated with signif-
icantly lower TC, LDL-C, and apoB levels only when the stud-
ied mutations were not present. Because of the high prevalence
of these mutations, these results would explain the observation
that in an important percentage of the general population, di-
ets with high cholesterol intake are not always associated with
higher TC, LDL-C, and apoB concentrations, and cholesterol-
restrictive diets are not always associated with a decrease in
blood lipid levels. According to these results, it is currently well
documented that although some individuals show a significant
response to high dietary cholesterol, with lipid levels increases
of more than twofold the mean, others are unresponsive and
even have decreasing cholesterol levels.3,22–25 To date, studies
based on classic genetic analysis have not explained these re-
sults, but our findings will contribute to clarify this issue.

In our population, we previously described an important
influence of apoE genotype on TC, LDL-C, and apoB
levels,18,26 but the results reported here remain without signif-

icant changes after correcting by this factor (data not shown).
The design of our study cannot address the mechanism by
which cholesterol or saturated fat interacts with the polymor-
phisms. A plausible hypothesis for future works could be that
because the ABC transporters are ATP dependent, they may
present sigmoidal saturation kinetics. Thus, there is a range of
low cholesterol intake in which differences between genotypes
can be appreciated, and a threshold in which the system is
saturated by the substrate, regardless of the genotype, and the
differences are no longer apparent. In support of this hypoth-
esis, previous works show that although increasing dietary
cholesterol within the physiologic range resulted in overall re-
ductions in the efficiency of cholesterol absorption, this effect
was weaker in some individuals and stronger in others.27

On the basis of our results, we conclude that the effect of
dietary cholesterol and saturated fat on TC, LDL-C, and apoB
depends on the two widely existing polymorphisms on the
half-transporter ABCG5 and ABCG8 genes. The relevance of
the implications of our findings arises from the fact that these
mutations are widely present in our population; 54.9% of the
children in our study are carriers of the mutation in at least one
gene. This highly significant gene–nutrient interaction helps to
explain the large individual differences in the plasma lipid re-
sponse to cholesterol and saturated fat intake, and why some
individuals do not apparently benefit from cholesterol-restric-
tive diets. Further studies are necessary to determine whether
this association is also found in adults and whether other ex-
isting polymorphisms in ABCG5 and ABCG8 present similar
or different interactions with diet when determining blood
lipid levels.
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