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Polymorphisms at theAPOA1/C3/A4 gene cluster and theAPOE gene have been extensively
studied in order to examine their potential association with plasma lipid levels, coronary heart
disease risk and more recently with inter-individual variability in response to dietary therapies.
Although the results have not been uniform across studies, the current research supports the
concept that variation at these genes explains a significant, but still rather small, proportion of the
variability in fasting and postprandial plasma lipid responses to dietary interventions. This
information constitutes the initial frame to develop panels of genetic markers that could be used
to predict individual responsiveness to dietary therapy for the prevention of coronary heart
disease. Future progress in this complex area will come from experiments carried out using
animal models, and from carefully controlled dietary protocols in humans that should include the
assessment of several other candidate gene loci coding for products that play a relevant role in
lipoprotein metabolism (i.e. APOB, CETP, LPL, FABP2, SRBI, ABC1 and CYP7).
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Introduction

To reduce low-density lipoprotein cholesterol (LDLC), a
major risk factor for coronary artery disease (CAD), the
National Cholesterol Education Program (NCEP) Expert
Panel recommends for the general population a diet provid-
ing ,30 % of energy from fat,,10 % of energy from
saturated (SAT) fat and,300 mg/d of cholesterol (NCEP
Step 1). For subjects who are still hypercholesterolaemic on
this diet, the Expert Panel recommends further restriction
of saturated fat to,7 % of calories and cholesterol to
,200 mg/d (NCEP Step 2) prior to use of drug therapy.
Candidates for drug therapy after dietary treatment are those
with LDLC values at or above 190 mg/dl, 160 mg/dl in the
presence of two or more risk factors, or 130 mg/dl in the
presence of coronary heart disease (CHD), with the goal of
therapy being 30 mg/dl lower than the above values in each
category.

The magnitude of plasma lipid responses to hypo-
lipidaemic diet and drug therapies varies considerably
among individuals (Ordovas, 1999; Ordovas & Schaefer,
1999a,b). These differences may be due to interactions
among multiple genetic and environmental factors that
affect the absorption of dietary fat or cholesterol, the
bioavailability of drugs, or the regulation of the multiple
metabolic pathways involved in lipoprotein synthesis and
catabolism. During the past two decades numerous studies
have examined gene–diet and gene–drug interactions in
the response of plasma lipid concentrations to changes in

dietary fat and cholesterol (Tallet al. 1997) or to different
pharmacological therapies (Carmenaet al.1993; Nemethet
al. 1995; Ordovaset al. 1995; Nestelet al. 1997). In this
paper we present the current knowledge regarding the
association between alleles at theAPOA1/C3/A4 gene
cluster on chromosome 11 and theAPOElocus on chromo-
some 19, the most broadly studied candidate gene loci
involved on individual variability in dietary response.

Apolipoprotein A-I (APOA1)

ApoA-I is the major protein of HDL, anin vivo activator of
the enzyme lecithin : cholesterol acyl transferase (LCAT)
(Fielding et al. 1972), and constitutes a key component of
the reverse cholesterol transport process (Reichl & Miller,
1989). The gene for apoA-I (APOA1) is clustered with the
APOC3 and APOA4 genes on the long arm of human
chromosome 11 (Brunset al. 1984; Karathanasis, 1985).
This DNA region has been extensively analysed, resulting in
the identification of several restriction fragment length poly-
morphisms (RFLPS). A number of studies have shown
associations between some of these RFLPs and lipid abnorm-
alities as well as increased CHD risk (Ordovaset al. 1991;
Paul-Hayaseet al. 1992; Tybjaerg-Hansenet al. 1993), but
other studies have failed to do so (Marshallet al. 1994).
Several rare genetic abnormalities at this locus have been
associated with severe HDL deficiency and some of them
with premature coronary atherosclerosis (Ordovaset al.
1989).
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A common variant due to adenine (A) to guanine (G)
transition (G/A) has been described 75 bp upstream from the
apoA-I gene transcription start site. Several studies have
reported that individuals with the A allele, which occurs at a
frequency of 0⋅15–0⋅20 in Caucasian populations, have
higher levels of HDL-C and/or apoA-I than those subjects
homozygous for the most common G allele (Juoet al.1999;
Ordovas, 1999). The magnitude of the effects and the
gender–diet interactions reported have differed among
studies. A recent meta-analysis has examined the associa-
tions of the −75 G/A polymorphism with plasma lipid
profiles (Juoet al. 1999). This analysis concluded that
there may be a mild association with apoA-I levels and
that this is more apparent in men than in women. The
associations between this polymorphism and response to
diet are summarized in Table 1. Our own data (Lopez-
Mirandaet al. 1994a; Mata et al. 1998) (Table 1) support
the notion that in well controlled dietary studies performed
in normolipidaemic subjects, the A allele of this G/A
polymorphism appears to be associated with hyper response
to changes in the amount and saturation of dietary fat.

It is not clear whether the putative effect of this variant on
HDL-C levels is due to the G to A substitutionper se, or to
linkage disequilibrium between the A locus and a distinct
and as-yet-unidentified effector locus.In vitro analysis of
the effects of this polymorphism on transcription has also
yielded conflicting results. Smithet al. (1992) reported that
the A allele decreasedin vitro transcription by 30 %,
consistent with their ownin vivo turnover studies that
showed decreased apoA-I synthetic rates in individuals
with the A allele, although plasma HDL-C did not differ
between GG and GA individuals. Tutejaet al. (1992) and
Wang et al. (1998) reported that substitution of A for G
decreased transcription about twofold, and Jeenahet al.
(1990) reported a fourfold increase in transcription. Angotti
et al. (1994) reported a five- to sevenfold increase in
transcription associated to the A allele, and demonstrated
that this may be due to reduced binding affinity of a nuclear
factor to the A allele that results in increased transcription
efficiency of the apoA-I promoter. More recently, Danek
et al. (1998) have failed to find any direct effect of this
polymorphism on transcriptional efficiency.

In summary, the mechanisms responsible for the
observed effect are still unknown. This mutation may
have a direct effect on liver and/or intestinalapoA-I gene
expression, as suggested in previous studies, or it may be in
linkage disequilibrium with a functional mutation in either
of the neighbouring genes (APOC3and APOA4). Further
studies are needed to demonstrate these hypotheses.

Apolipoprotein C-III (APOC3)

ApoC-III is a component of chylomicrons, VLDL and HDL
that is synthesized primarily in the liver and to a lesser
extent in the intestine.In vitro, apoC-III inhibits LPL and
also inhibits the binding of apoE-containing lipoproteins to
the LDL receptor, but not to the LRP receptor. Several DNA
polymorphisms have been reported in theAPOC3promoter
region. These mutations are in linkage disequilibrium with
the SstI site in the 39 untranslated region (C3238G)
(Dammerman et al. 1993). Preliminary results have

mapped an insulin-response element to a 42 nt fragment
located between−490 and−449 relative to the transcription
start site, andin vitro studies have demonstrated that tran-
scriptional activity of theAPOC3gene was down-regulated
by insulin only in the construct bearing the wild-
type promoter, but not in those constructs containing the
C−482 T and T−455 C variants (Liet al. 1995). The C3238G
polymorphism distinguishes between two alleles, S1 and S2.
The S2 allele has been associated with elevated triacyl-
glycerol, cholesterol, apoC-III concentrations, high blood
pressure and increased CAD risk. The linkage disequili-
brium between this mutation and those at the 59 region
provide some suggestions toward understanding the mole-
cular basis behind the increased levels of apoC-III found in
subjects carrying the S2 allele and its association with
hypertriglyceridaemia, and also suggest an active role of
dietary fat in determining the effects associated with this
polymorphism (Lopez-Mirandaet al. 1997).

Several studies have examined the potential associations
between some of theAPOC3polymorphisms and variability
in plasma lipid response. The results are summarized in
Table 1. Overall, these data suggest that theAPOC3gene
locus is involved in dietary response for both fasting and
postprandial parameters.

Apolipoprotein A-IV (APOA4)

ApoA-IV is synthesized primarily in the intestine. Although
its physiological role has not been established with cer-
tainty, several lines of evidence involve this apolipoprotein
in several key steps of lipoprotein synthesis and catabolism.
ApoA-IV plays a significant role in dietary fat absorption
and chylomicron synthesis (Ordovaset al.1989) Moreover,
in vitro studies have shown that the activation of lipoprotein
lipase (LPL) by apoC-II is mediated by apoA-IV, and that
apoA-IV can serve as an activator of lecithin : cholesterol
acyl transferase (LCAT). ApoA-IV-containing lipoproteins
promote cholesterol efflux from cultured fibroblasts and
adipose cellsin vitro, and some evidence shows that
apoA-IV may be one of the ligands for the HDL receptor.

Several genetically determined isoforms of apoA-IV have
been detected, with those at amino acid positions 360 and
347 of the mature protein being the most common. The
apoA-IV*2 isoform, characterized by the presence of His at
position 360, instead of the common Gln that characterize
the apoA-IV*1 allele, has an allele frequency for Cauca-
sians in the range of 0⋅05 to 0⋅12. In some population studies
the apoA-IV*2 allele has been associated with higher levels
of HDLC and/or lower TG levels, but no associations have
been observed in others. The common mutation (Thr347 Ser)
documented within subjects with the apoA-IV*1 isoform
has been less studied in terms of lipid associations in
populations; however several studies have implicated this
isoform with individual variability of plasma lipid levels in
response to diet intervention.

Table 1 shows a summary of those studies that
have examined APOA4 gene–diet interactions, in the fast-
ing and postprandial states. The combined information
for the Thr347→ Ser and the Gln360→ His suggests that
the responsiveness of LDLC to changes on dietary fat is
as follows: 347Ser/360Gln. 347Thr/360Gln. 347Thr/360His. The
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mechanisms by which these mutations may exert the
observed effects are still unknown. The apoA-IV*2 allele
binds to lipoproteins with higher affinity than apoA-IV*1
which may result in delayed hepatic clearance of chylo-
micron remnants as shown in metabolic studies. The sub-
stitution of Ser for Thr at position 347 induces changes in
the secondary structure and a slight increase in hydrophilic
profile at this position, which could result in a decrease in its
affinity for lipids on the TRL particles. This could facilitate
the exchange with apoC-II, thereby increasing LPL activity
over those particles, which would in turn accelerate clear-
ance of remnants. The increased influx of dietary cholesterol
would down-regulate the LDL receptors with consequent
increases in LDLC concentrations. Therefore, consumption
of fat-rich diets would produce a greater increase in LDLC
in Ser347 carriers.

Apolipoprotein E (APOE)

The APOE gene has been the locus more intensively
examined in terms of its potential as a determinant of the
individual variability in LDL-C response to diet interven-
tions. This interest is obvious considering the pivotal role of
apoE in lipoprotein metabolism.

ApoE in serum is associated with chylomicrons, VLDL
and HDL, and serves as a ligand for the LDL receptor and
the LRP (Beisiegelet al.1989; Mahley, 1988). When apoE
deficiency is present, there is marked accumulation of
cholesterol-enriched lipoproteins of density,1⋅006 g/ml
containing apoB-48 and apoA-IV, as well as apoB-100
(Schaeferet al. 1986). Moreover, in this disorder there is
delayed clearance of both apoB-100 and apoB-48 within
TRL. The current data support the concept that apoE is
important for the clearance of TRL and apoE containing
HDL particles.

Genetic variation at the apoE locus results from three
common alleles in the population, E*4, E*3 and E*2, with
frequencies in Caucasian populations of approximately
0⋅15, 0⋅77 and 0⋅08, respectively (Davignonet al. 1988).
Population studies have shown that plasma cholesterol,
LDL cholesterol and apoB levels are highest in subjects
carrying the apoE4 isoform, intermediate in those with the
apoE3 isoform, and lowest in those with the apoE2 isoform
(Ordovaset al. 1987; Schaeferet al. 1994). ApoE allelic
variation may account for up to 7 % of the variation in total
and LDL-C levels in the population (Davignonet al.1988).
The association of the apoE4 isoform with elevated serum
cholesterol levels is greater in populations consuming diets
rich in saturated fat and cholesterol than in other popu-
lations. These epidemiological data indicate that the
higher LDL cholesterol levels observed in subjects carrying
the apoE4 isoform are manifested primarily in the
presence of an atherogenic diet characteristic of certain
societies, and that the response to dietary saturated fat and
cholesterol may differ among individuals carrying different
apoEalleles.

Previous findings related to this locus have been exten-
sively reviewed (Ordovas, 1999; Ordovas & Schaefer,
1999a,b) and those findings are summarized in this work
(Table 2). It should be noted that despite the large number of
studies examining the relation betweenAPOE genetic

variability and LDLC response to diet intervention, there
is considerable inconsistency regarding the magnitude and
significance of the reported associations, and this locus
continues to be the subject of intense research.

Overall, a significant diet byapoEgene interaction was
reported in studies with men alone. In those studies includ-
ing men and women, significant effects were noted only in
men, suggesting a significant gene–sex interaction. Another
difference between the negative studies and those reporting
significantapoEgene–diet interactions related to the base-
line lipid levels of the subjects. Frequently, those studies
reporting significant associations included subjects who
were moderately hypercholesterolaemic and/or had signifi-
cant differences in base TC and LDLC among the apoE
genotype groups, suggesting that the significant gene×diet
interaction is apparent only in subjects who are susceptible
to hypercholesterolaemia. Concerning differences in dietary
interventions, significant interactions were more commonly
observed among studies in which total dietary fat and
cholesterol were modified. It is possible that dietary cho-
lesterol may play a significant effect in gene–dietary fat
interaction.

Several mechanisms have been proposed to explain these
apoE-related differences in individual response to dietary
therapy. Some studies have shown that intestinal cholesterol
absorption is related to apolipoprotein E phenotype, with
apoE4 carriers absorbing more cholesterol than non-apoE4
carriers. Other mechanisms, such as different distribution of
apoE on the lipoprotein fractions, LDL apoB production,
bile acid and cholesterol synthesis, and postprandial lipo-
protein clearance, may also be involved.

Conclusions

Evidence accumulated during the past few years supports
the concept of gene–diet interactions in humans in plasma
lipid response to dietary intervention. Several candidate
genes (APOA1, APOC3, APOA4 and APOE) have been
extensively examined under different experimental condi-
tions, and some consensus is starting to emerge regarding
their relative contribution to variability in response. How-
ever this is still a controversial area, and future studies need
to be carefully designed in terms of sample size and dietary
interventions. It is also important to emphasize that some of
the genetic effects appear to influence primarily the post-
prandial state; consequently studies should be designed to
test gene–diet interactions, both in the fasting and fed states.
Furthermore, the genetic heritability of dietary responsive-
ness has not been carefully studied in humans. Therefore
future dietary studies should include siblings and families.
This will serve two purposes. Firstly, it will allow us to
obtain more accurate estimates of the heritability of these
traits. Secondly, a family structure will allow us to take
advantage of the new powerful genetic techniques based on
wide genome scans to search for responsiveness loci. In this
regard, the use of animal models will play a crucial role to
test the feasibility of this approach and to lead us to new
gene loci that could be involved in dietary responsiveness
across different species before embarking on more costly
and difficult human experiments. Once a substantial number
of responsiveness loci are mapped, we will be able to
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Table 1. Summary of studies examining polymorphisms at the APOAI/C3/A4 gene cluster, plasma lipid levels and dietary response

Polymorphism Subjects Experimental design Y/N Gene/diet effects

APOAI (−75 G/A)
(Xu et al. 1993) 204 Italian boys Population. Diet intervention (LF/LC diet) in a N The A allele was associated with higher levels of TC, LDLC, apoB

and girls (8–11 subset and apoA-I, with the effects being more marked in boys. No
years old) significant gene–diet interaction was observed

(Lopez-Miranda et al. 1994a) 50 Spanish young Diet intervention (LF vs high MUFA) Y After consumption of the high-MUFA diet, significant increases
men were noted in LDLC in the G/A subjects but not in the G/G subjects

(Meng et al. 1997) 86 men and Low-fat, low-cholesterol dietary intervention study. N HDL-C responses to dietary change did not differ significantly
women Two-week baseline period, 8-week intervention between genotypes

period, 8-week switchback period

(Mata et al. 1998) 50 men and Diet intervention. SAT fat diet for 28 days, MUFA- Y A PUFA diet induced significantly greater TC and LDL-C
women rich for 35 days and PUFA-rich for 35 days decreases in G/A than in G/G women

(Carmena-Ramon et al. 1998b) 44 women, 25 Diet intervention. Baseline (35 %, fat, 10 % N FH subjects carrying the A allele have significantly lower total and
men heterozygotes saturated, 300 mg/d cholesterol for 1 month and LDL-C and apo B baseline levels, but respond to a low-fat diet with
FH an NCEP-1 diet for 3 months similar reductions in total and LDL-C when compared with

homozygotes for the G allele at this polymorphic site

APOC3
(Lopez-Miranda et al. 1997) 90 young men Subjects were fed a low-fat diet for 25 d, followed Y After consumption of the MUFA-rich diet, significant increases in

by a MUFA-rich (22 % MUFA, 38 % total fat) diet LDL-C were noted in the S1/S1 subjects whereas a significant
for 28 d decrease was observed in the S1/S2 subjects. Significant

genotypic effects were seen for diet-induced changes in LDL-C, TC
and apo B

(Salas et al. 1998) 41 males Dietary intervention. The first was a SAT-rich diet, Y APOC3 genotype significantly affected basal glucose
the second was an NCEP-1 diet, the last a concentrations and insulin concentrations after the OGTT. Carriers
MUFA-rich diet. At the end of each dietary period of the S2 allele (n =13) had higher insulin concentrations after the
subjects received an oral glucose-tolerance test OGTT than S1/S1 subjects (n =28) in the three periods
(OGTT)

(Waterworth et al. 1999) Male offspring Postprandial lipid levels following an oral fat load Y The APOC3 variations examined were C3238G (SstI) in the
whose fathers had test (OFTT) 39-UTR, C1100T in exon 3, C-482T in the IRE, and T-2854G in the
had early MI apoCIII-AIV intergenic region. The postprandial response was
(cases, n =407) regulated by variation at the T-2854G and C3238G sites. After the
and age-matched OFTT, carriers of the rare alleles had significantly delayed
controls (n =415) clearance of TG levels; G-2854 carriers showed the largest effect

on TG, and G3238 carriers showed a lesser response. However,
after adjustment for fasting TG levels, only the effect with the
T-2854G remained significant. Variation at the C-482T (IRE)
determined response to the OGTT, with carriers of the rare T-482
having significantly elevated glucose and insulin concentrations

APOA4
(Mata et al. 1994) 153 men and HF/HC versus LF/LC diets Y The ApoA-IV*2 (Gln360 → His) allele (apoAIV*2) is associated with

women Retrospective controlled and counseling protocols hyporesponsiveness of LDL-C to dietary therapy consisting of
(4–24 weeks) reductions in total fat and cholesterol

(McCombs et al. 1994) 23 men and women Step 1 diet for 2 weeks followed by step 1 diet Y The hyporesponsiveness associated with the apoA-IV*2 allele may
12 apo A-IV 1/1 and plus four egg yolks/d for 3 weeks be due exclusively to the reduction in dietary cholesterol
11 apo A-IV 1/2
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Table 1. (Continued)

Polymorphism Subjects Experimental design Y/N Gene/diet effects

(Jansen et al. 1997b) 41 healthy males Dietary intervention (high-SAT, low-fat and Y Carriers of the 347Ser allele presented a greater decrease in TC,
high-MUFA diets) for 4 weeks each LDL-C, and apo B levels when they were switched from the SFA to

the NCEP1 diet than homozygous carriers of the 347Thr allele. The
change from the NCEP1 to the MUFA diet resulted in a greater
increase in total cholesterol and apo B levels in the 347Ser than in
the 347Thr individuals

(Jansen et al. 1997a) 41 healthy males Dietary intervention (high-SAT, low-fat and Y After consuming the saturated fat diet, carriers of the APOA4*2
high-MUFA diets) for 4 weeks each allele had a greater decrease in HDLC and apoA-I. In these

subjects, replacement of a high carbohydrate diet by MUFA fat
resulted in a greater increase in HDLC and apoA-I as compared
with homozygotes for the APOA4*1 allele

(Ostos et al. 1998) 50 healthy male Vitamin A–fat load test Y Subjects with the A-IV-347Ser allele (n =14) had a lower
subjects postprandial response in total TG, large and small TRL-TG levels,
homozygous for the and a higher postprandial response in large-TRL apoA-IV and
APOE3 allele apoB-100 levels than subjects homozygous for the A-IV-347Thr

subjects (n =36)

(Carmena-Ramon et al. 1998a) 67 women Diet intervention. Baseline (35 %, fat, 10 % Y The apoA4*2 allele was associated with lower LDLC and apoB
and men saturated, and 300 mg/d cholesterol for 1 month levels independent of diet effects. No differences in TC, LDLC,
heterozygotes FH and an NCEP-1 diet for 3 months HDLC and apoB levels were observed between subjects

homozygous for the APOA4347Thr allele and those carriers of the
APOA4347Ser allele. After dietary intervention, Ser/Ser subjects
showed significant reductions in plasma triglycerides and VLDLC
levels, but no changes were found in carriers of the Ser allele

(Fisher et al. 1999) EARSII study Oral fat load test Y After consumption of an oral fat load, carriers of His360 who were
most obese had significantly reduced postprandial lipaemia
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Table 2. Summary of studies examining apoE genotype–diet interactions with changes in dietary fat and/or cholesterol

Study Subjects Experimental design* (diet period) Y/N Observed effects

(Fisher et al. 1983) 9 normolipidaemic males Corn oil versus coconut oil plus low versus high N No effect on TC, LDLC, HDLC or TG levels
cholesterol
Combination (9 d)

(Miettinen et al. 1988) 16 men Low-fat/low-cholesterol versus low-fat/high Y E4 allele associated with greater TC, LDLC and HDLC
cholesterol (6 weeks) response. E2 associated with increased HDLC response

(Tikkanen et al. 1990) 110 men and women Baseline (high-fat, high-cholesterol) versus low-fat Y Significant apoE allele effect on plasma lipid levels. Greater
high-P/S diet reductions in TC occurred in subjects homozygous for the
Controlled (6 or 12 weeks) apoE4 allele

(Boerwinkle et al. 1991) 71 men Low-cholesterol versus high-cholesterol N The average responses in lipid levels were not significantly
Counselled (3 weeks) different among apo E genotypes

(Gaddi et al. 1991) 20 FH men and women Low-fat/low-cholesterol versus soy protein diet Y The plasma cholesterol reduction was higher in patients with
Controlled (4 weeks) apolipoprotein E3/E3 or E3/E4 versus an almost negligible

effect on E3/E2

(Manttari et al. 1991) 117 dyslipidaemic Diet therapy counselling (15 months) Y Baseline lipid levels were not affected by the E allele. E4
middle-aged men subjects exhibited a greater reduction in TC and LDLC
(placebo group
Helsinki Heart Study)

(Savolainen et al. 1991) 44 healthy middle-aged Low-fat/low-cholesterol versus N The absolute and percentage lipid changes on the two diets
men and women high-fat/high-cholesterol were equal in E3 and E4 subjects

Controlled (4 weeks)

(Cobb et al. 1992) 67 normolipidaemic men One a ‘western’ diet, with a low polyunsaturated Y Women of the ApoE3/2 phenotype stand to benefit the least
and women to saturated (p:s) fatty acid ratio and the other a from a high P : S diet because of reduction in the more

‘therapeutic’ diet with a high P : S ratio ‘protective’ HDL-C, whereas men of the 4/3 phenotype showed
Retrospective pooled analysis of six controlled studies the greatest improvement in the LDL/HDL ratio

(Lehtimaki et al. 1992) 36 healthy students Usual (no eggs) versus usual plus eggs Y The increases were similar in groups E3/2, E3/3,
Counselling (3 weeks) and E4/3. Stronger responses were observed in E4/4 subjects

(Miettinen et al. 1992) 29 middle-aged men Normal diet versus a diet low in fat and cholesterol. Y The apoE subscript (e.g. E2/2 = 1, E2/3 = 2, etc.) was positively
Counselled (5 weeks) associated with cholesterol absorption and the LDL apoB and

cholesterol levels and negatively with cholesterol synthesis and
FCR for LDL apoB

(Uusitupa et al. 1992) 19 subjects High-fibre diets (oat versus wheat bran) (8 weeks) Y Only E3 subjects had hypocholesterolaemic response to oat
bran. No change was found in E4 subjects

(Jenkins et al. 1993) 67 men and women High-fibre diet (oat versus wheat bran) (2 weeks) Y Carriers of the E2 allele appear to be more responsive than
non-carriers to a dietary change involving increased fibre intake

(Cobb & Risch, 1993) 67 normolipidaemic men Low P : S ratio, and the other had a high P : S ratio. N apoE phenotype was not a significant predictor of
and women (as above) responsiveness
Design as above

(Hunninghake et al. 1993) 97 male and female High in fat and cholesterol versus low-fat diet N apoE phenotype was not a significant predictor of
patients with moderate Counselled (9 weeks) responsiveness
hypercholesterolaemia

(Martin et al. 1993) 30 young normal male Low-cholesterol versus high-cholesterol Y The LDL-C response to dietary cholesterol did not differ among
subjects controlled (35 d) the apoE genotypes. ApoE genotype has significant and

opposite effects on plasma CETP and HDL-C responses to
dietary cholesterol in men

(Lopez-Miranda et al. 1994b) 128 men and women HF/HC versus LF/LC diets. Y The plasma LDLC reduction was higher in male subjects with
Retrospective-controlled and counselling protocols the E4 allele
(4–24 weeks)
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Table 2. (Continued)

Study Subjects Experimental design* (diet period) Y/N Observed effects

(Sarkkinen et al. 1994) 40 hypercholesterolaemic High SAT versus high MUFA, N apoE phenotype was not a significant predictor of
men and women counselled (6 months) responsiveness

(Clifton et al. 1995) 120 normolipidaemic LF versus LF plus two liquid supplements (one Y The plasma LDLC reduction was higher in male subjects with
men and women that contained HF/HC and one that was fat free) the E4 allele

(2 and 3 weeks)
Counselled and supplement

(Dreon et al. 1995) 102 normal men High-fat versus low fat. Y The plasma LDLC reduction was higher in subjects with the E4
Counselled (6 weeks) allele

(Schaefer et al. 1995) 32 men and women High-fat/high-cholesterol versus NCEP step II. Y The plasma LDLC reduction was higher in male subjects with
Controlled (6 and 24 weeks) the E4 allele

(Zambón et al. 1995) 122 hypercholesterolaemic High-MUFA versus LF, N apoE phenotype was not a significant predictor of
men and women counselled (12 weeks) responsiveness

(Park et al. 1996) 17 subjects High-fat diets containing different proportions of N Apo E phenotype was not a significant predictor of
specific saturated fatty acids (4 weeks) responsiveness

(Dixon et al. 1997) 125 children aged LF dietary intervention. N The magnitude of the changes in TC and LDLC were not
4–10 years Counselled (3 months) dependent on apoE genotype

(Lefevre et al. 1997) 103 men and women HF/HC versus AHA Step I versus low-SAT N apoE phenotype was not a significant predictor of
(no changes in dietary cholesterol) responsiveness
Controlled (8 weeks)

(Lehtimaki et al. 1997) 58 healthy Fasting. Y In men, the changes in plasma LDLC during fasting differed
men and women Controlled (1 week) significantly between apoE genotypes
488 healthy women LF dietary intervention. N The magnitude of the changes in TC and LDLC were not

Counselled (6 months) dependent on apoE genotype

(Pasagian-Macaulay et al. 36 type 1 diabetes Long-term response to a low-cholesterol diet Y The APOE4 group had a significantly higher decrease in LDL-C
1997) mellitus subjects (1 year) than those in the E3 group

(Blaauwwiekel et al. 1998) 65 healthy men and Tea (six mugs of black tea/d) and then a Y Tea drinking was associated with significant decreases in
women aged 20–73 crossover of placebo (consisting of water, caffeine, HDLC levels of E3/3 subjects as well as decreases in TG levels
years milk and sugar) (4 weeks) and PAI-1 activities of apoE2/3 subjects

(Loktionov et al. 1998) Middle-aged and mildly Modification of dietary fat and cholesterol. Y The TC lowering effect of an NCEP diet was significantly
hypercholesterolaemic greater in APOE4 carriers. This group also experienced the

greatest TC increase following the addition of 300 mg of
cholesterol to the diet

(Sarkkinen et al. 1998) 36 healthy HF diets containing different proportions of specific Y Responsiveness regulated in part by apoE polymorphism
premenopausal women saturated fatty acids.

Controlled (4 weeks)
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develop simple genetic tests that will allow the clinician
to implement the most successful therapy for each indivi-
dual, and therefore to increase the success and reduce the
long-term cost of preventive and therapeutic interventions.
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