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To investigate APOE gene-environment interaction effects on plasma lipid concentrations, we conducted a cross-sectional
study in a Mediterranean Spanish population consisting of 396 men and 513 women aged 18 to 66 years. The frequency of
the £4 variant was 0.071 (95% confidence interval 0.059, 0.082), confirming the lower frequency of this allele in Southern
Europe. In general, the carriers of the €2 variant had lower concentrations (P < .05) of total and low-density lipoprotein
cholesterol (LDL-C), carriers of the £3 variant had intermediate concentrations, and carriers of the £4 variant had higher
concentrations (P < .05) in both sexes, even after multivariate adjustment for age, body mass index, alcohol consumption,
tobacco smoking, physical activity, marital status, and education. However, when the homogeneity of allelic effects according
to environmental factors was tested, significant interaction terms were found. In women, an important interaction between
alcohol consumption and the APOE polymorphism in determining LDL-C concentrations was found (P < .003). LDL-C
concentrations in female drinkers with the €2 variant were significantly lower (P < .014) than in nondrinkers with the £2
variant. Likewise, in female drinkers with the £4 variant, LDL-C concentrations were also significantly (P < .010) lower than
in nondrinkers with the £4 variant. Moreover, in female drinkers, LDL-C concentrations did not differ between carriers of the
£4 and the £3 variants, and in nondrinkers, LDL-C concentrations did not differ between carriers of the €2 and the £3 variants.
We also found a statistically significant interaction effect (P < .001) between the APOE polymorphism and physical activity
in determining high-density lipoprotein cholesterol concentrations in men. Our results indicate that environmental factors are
important modulators of the effect of the APOE polymorphism on plasma lipid concentrations.
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THEROSCLEROSIS is a multifactorial disease in which power to detect such interactions. The average effects attributed
complex interactions between genetic and environmentato the 2 allele are decreased low-density lipoprotein choles-

factors play an important rofe? Human genome epidemiology terol (LDL-C) and apolipoprotein B (apoB) concentrations and
aims to elucidate how genes and the environment interact inncreased apoE concentrations, whereasethallele has the
determining individual susceptibility to multifactorial disedse. opposite effect:#1415However, the associations of these al-
Genotype—environment interaction refers to the differentialleles with high-density lipoprotein cholesterol (HDL-C) or tri-
effects of the same environment on individuals with different glyceride (TG) concentrations are less clear. In addition, recent
genotypes, or the differential effects of different environments'€POrts®”have shown a lack of the effect POEpolymor-
on individuals with the same genotypé Variations in candi-  Phism on LDL-C levels, adding support to the set of studies that
date genes for lipoprotein metabolism have been associatelalave suggested that ethnicity and environmental factors mod-

with lipid disorders and with the development of atherosclero-l“""te t_he effects of this polymorphism. More_over, it has been
sis. The most comprehensively studied is the apolipoprotein I.:establlshed that the apoE genotype distribution and the related

(apoE) gene locusAPOB, 711 with its 3 common alleless2, allele frequencies vary among populations around the V&#e.

3 anded. H f tudies h f d on int " In Europe, frequency of thet allele seems to decrease from north
£ an e OWEVEr, Tew Stdies have focused on in grac '9MS6 south along with the coronary heart disease (CHD) mortality
with environmental factors2-13 One of the reasons might be

. - -~ gradientt4.2021 Although the APOE genotype distribution has
that large sample sizes are required for acceptable Stat'St'cgleen studied extensively in several European countries, limited
information is available for Spa##23 The Spanish genetic pool
has been influenced by many populations and immigrations,
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of both genetic and environmental CHD risk factors in this population. habits, physical activity, and reproductive history in women. This
The Ethics Committee on Human Research of the Valencia Universityself-administered questionnaire that had been previously validated in a
approved the study protocol. In this report, we present data obtainedmall sample of this population also contained detailed questions about
from 909 individuals attending the first cross-sectional examination intobacco smoking. Current smokers were defined as those smoking at
1998 through 1999. Participants were healthy, unrelated subjects rgeast 1 cigarette a day. Former smokers were defined as those who had
siding and working in the region. These subjects were randomly sesmoked regularly at least 1 cigarette a day but had not smoked for more
lected from more than 5,000 employees examined in a local medicajhan 1 month before the examination. Alcohol consumption was care-

center. Using a continuously updated computerized population registerfu”y evaluated by a set of 22 questions about the use of alcoholic

a sex-stratified random sample was drawn in 2 groups (50% male, 50%e\erages during workdays and weekends, as previously desetibed.

female), with 750 subjects selected from each stratum. Of 1,500 eligi--l.he mean daily ethanol consumption (in grams) was calculated by

ble subjects asked to participate, 413 men and 528 women agreed. T'?ﬁultiplying the amount consumed (in milliliters) by the percentage of

S o i o i )
participation rate was 55% in men and 70% in women. These flguresethanol supplied by each specific beverage. From the reported alcoholic

are unlikely to affect the representativeness of the participants in term%evera es. alcohol consumption was considered as a continuous vari-
of APOEgenotype and associations between genotype and lipid traits. ges, P

Questionnaires were distributed at the time of the medical examinationfable ex.pressed '|n grams pe.r day. Alcohol consumption \{vas catego.rlzed
s a drinker variable: nondrinkers (no alcohol consumption) and drink-

and participants were invited to complete them. Non-Caucasian indi® . o .
viduals (2 men and 1 woman) were excluded from the study at this®'S (any amount of alcohol consumed). Physical activity was estimated

stage. Of the 938 individuals who completed the questionnaire, 90¢Y duestions about regular leisure time physical sports (aerobics, bas-
(396 men and 513 women) had a DNA sample isolated from blood, and@tball, bicycling, gymnastics, running, soccer, squash, swimming,
this whole group was used to estimate the prevalence oABP®E tennis, volleyball, and others), as well as the average number of hours
alleles. In the association analyses with lipid traits, pregnant womerPer week spent in each activity. According to the type and time,
(n = 2) and subjects taking any lipid-lowering drugs (18 men and 11 subjects were categorized as sedentary (no physical exercise), moderate
women) were excluded. There were 52 (35 men and 17 women) 41 sport less than 3 h/wk) and high (1 sport more than 3 h/wk or more
posteriori exclusions due to missing data on biochemical or lifestylethan 2 sports per week). For regression analyses, physical exercise was
variables. Subjects with rardPOE variants (62/e4 and 1 E2-  also dichotomized as sedentary versus active (moderate and high).
Christchurch carrier) were also excluded. The final group size in theMarital status was dichotomized as single (living alone and divorced)
association analysis was 819 (338 men and 481 women, aged 18 to G living with a partner. Education was classified into 4 categories—
years). primary, secondary, university | (3 years), and university Il (5 years or
more)—and recoded into 2—university and nonuniversity.
Sample and Data Collection

Participants were instructed to fast for at least 12 hours before ag
morning examination. Venous blood was collected during the medical
check-up into ehtylenediaminetetraacetic acid (EDTA)-containing We examined all continuous variables for normality. TG concentra-
glass tubes. Plasma total cholesterol and TG concentrations were déens and alcohol intake were markedly skewed, and these variables
termined by use of a Technicon Chem 1 assay (Technicon Instrumentsyere logarithmically and square root transformed, respectively, to
Tarrytown, NY), and HDL-C was measured in the supernatant afterimprove normality. Allele frequencies were estimated by gene count-
precipitation of apoB-containing lipoproteins with heparin-manganeseing, and 95% confidence intervals (Cl) were calculatgdtests were
chloride. LDL-C concentrations was calculated according to the equaysed to test differences between observed and expected frequencies,
tion of Friedewald et &f for Samples with serum TG concentrations assuming Hardy_Weinberg equi”brium’ and to test differences in per-
below 400 mg/dL. Coefficients of variation for total cholesterol, centages between men and women. To assess mean differences be-
HDL-C, and TG were each less than 5%. tween sexes, the Studentest was used. For multiple comparisons of

.Anth.ropo_metric_ measurements were taken usir?g standard  techyyaans petween genotypes, 1-way analysis of variance (ANOVA) with
niques: weight with light clothing by digital scales; height without g qterroni correction was performed. Multivariate linear regression

shqes by flxed_ stadiometer. Body mass index (BMI) was calculated a%nalysis with dummy variables for categorical terms was used to test
weight (kg)/height (f). the null hypotheses of no association betw@d?OE polymorphism
and lipid and lipoprotein levels. For each lipid and lipoprotein consid-
ered, a regression model (model 1) including AROEpolymorphism
Genomic DNA was isolated from white blood cells by phenol- as a categorical variableZ, £3/e3, ande4 genotypes) was first fitted
chloroform extraction and ethanol precipitati&dPOEgenotypes were  to data, with the:3/e3 genotype as reference. Second, a set of covari-
determined as described by Hixson and VerAfeQuality control for ates (age and body mass index [BMI]) and factors (smoking, drinking,
the DNA genotyping was maintained by the use of both positive andeducation, marital status, menopause, physical activity) were included
negative controls in each set of analyzed samples and by independefi the multivariate modeling (model 2). Regression coefficients and the
assignment of genotypes by 2 laboratory workers and replication ofyroportion of variance attributable to each predictor were estimated
those samples with lack of concordance in the genotyping. The presfrom the models. Finally, homogeneity of allelic effects according to
ence of the rare mutation E2-Christchu#tin 1 individual was also  enyironmental factors (smoking, alcohol consumption, physical activ-
confirmed by sequence analysis in an ABI Prism Automated DNA i ang education) was tested by introducing the corresponding terms
Sequencer using the ABI Prism big dye terminator cycle Sequencing ineraction in the hierarchical linear regression model (model 3).
ready reaction kit. Standard regression diagnostic procedures were used to ensure the
. ) appropriateness of these models. To better understand the statistically
Questionnaire significant interaction effects, the estimated means of lipid variables
The questionnaire concerned gender, ethnicity, nationality, place ofvere plotted according to environmental and genetic strata. All anal-
residence, date of birth, marital status, type of education, professioryses were conducted using the Statistical Package for the Social Sci-
medication, health problems, family history, tobacco use, drinkingences (SPSS, version 9.0; SPSS Inc, Chicago, IL) for Windows.

tatistical Analysis

DNA Extraction and Genotyping
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Table 2. Genotype Distribution and Allele Frequency of APOE
Polymorphism by Sex in the Mediterranean Spanish Population

Descriptive characteristics of all the study subjects who were

genotyped foAPOE (396 men and 513 women) are presented
in Table 1. Table 2 shows genotypes and allele frequencies for

the observed alleles. In addition to the 3 common alleles, a rareGenotypes, n (%)

apoE variant (E2-Christchurch [Cys112/Ser136/Arg158]), was
detected. For the 3 common alleles, no deviation from Hardy-
Weinberg equilibrium was detected in either sgx € 0.510,

3 df, P = .917 for men; angy® = 1.877, 3 df,P = .599 for
women). To analyze the influence APOE genotype on lipid
and lipoprotein concentrations, subjects were grouped2as
carriers €2/e2 + £2/e3), €3 homozygotes g3/¢3), and 4
carriers €3/e4 + e4/e4). In the association study, individuals
taking lipid-lowering drugs, pregnant women, the Christchurch
carrier, e2/e4 individuals, and subjects with missing data on
biochemical or environmental variables were excluded, as in-
dicated in Materials and Methods. Table 3 shows age, BMI, and

Total Men Women
(n = 909) (n = 396) (n =513)
£2/e2 4(0.4) 2(0.5) 2(0.4)
£2/e3 90 (9.9) 39 (9.8) 51(9.9)
£3/e3 687 (75.6) 294 (74.2) 393 (76.6)
£3/ed 115 (12.7) 52 (13.1) 63 (12.3)
edled 4(0.4) 3(0.8) 1(0.2)
£2/e4 6(0.7) 4 (1.0) 2(0.4)
£3/E2-Christchurch 1(0.1) 1(0.3) 0 (0.0)
Allele frequency
&2 Allele 0.057 0.059 0.055
95% (ClI) (0.046-0.067) (0.043-0.075) (0.041-0.068)
£3 Allele 0.871 0.862 0.878
95% (Cl) (0.855-0.886) (0.838-0.886) (0.858-0.898)
&4 Allele 0.071 0.078 0.066
95% (Cl) (0.059-0.082) (0.059-0.097) (0.051-0.081)

plasma lipid and lipoprotein levels BYPOEgenotypes and sex

in the final group (338 men and 481 women). No significant NOTE. Differences by sex across APOE genotypes were nonsignif-

. . . : — 2
difference in mean age, HDL-C concentration, or BMI was icant- P = 612 (x" test).

found betweerAPOE genotypes. Mean total cholesterol and
LDL-C levels differed significantly R < .001) among the 3
APOEgenotypes in both men and womet2, carriers had the

subjects with the4 allele had the highest. An effect BPOE

lowest mean total cholesterol and LDL-C concentrations, and?®notype was also observed on TG concentrations in both

Table 1. Demographic, Biochemical, and Lifestyle Characteristics of

the Study Subjects From the Mediterranean Spanish Population

Men Women
(n = 396) (n =513)
Mean (SD) Mean (SD) P*

Age (yr) 37.1(10.2) 36.3(10.4) 227
Body mass index (kg/m?) 26.3 (3.8) 23.7 (4.0) <.001
Total cholesterol (mg/dL) 203 (41) 193 (34) <.001
LDL-C (mg/dL) 134 (33) 121 (30) <.001
HDL-C (mg/dL) 43 (10) 55 (11) <.001
TG (mg/dL) 111 (87) 69 (38) <.001
Current smokers (%) 43.0 43.0 .997
Past smokers (%) 21.7 16.4 .068
Alcohol users (%) 90.4 59.2 <.001
Physical exercise (%) <.001

Sedentary 50.7 60.5

Moderate 27.3 28.3

High 22.0 11.2
Daily walkers (%) 72.0 72.6 .867
Education (%) .012

Primary 33.2 27.8

Secondary 27.8 26.5

University | (3 yr) 17.9 33.7

University 1l (25 yr) 21.7 12.0
Marital status (%) .008

Married 62.4 53.4

Single 37.6 46.6
Premenopausal (%) - 82.0
Oral contraceptive users (%) — 15.9
Taking lipid lowering drugs

(%) 4.9 2.2 .030
Individuals with any missing

data (%) 8.8 3.3 011

* Comparison between men and women; Student t test for com-

parison of means, x? test for percentages.

genders. Those with thet allele had higher mean TG concen-
trations than those with the3/e3 genotype. However, this
effect was much stronger and statistically significant in men
than in women. With regard to the allele, it did not show any
significant effect on TG levels in men or women. To test the
influence of menopause on the effectA®OE polymorphism,
these analyses (results not shown) were carried out stratifying
by premenopausal (= 395) and postmenopausal (n 86)
status. Similar effects on total cholesterol and LDL-C were
observed for the4 ande2 alleles in both groups; however, in
postmenopausal women the? allele was associated with
higher TG concentrations than tk8, without reaching statis-
tical significance because of the small numbeedtarriers in

that subgroup (r= 12). No differences in the effect of thel
allele on TG concentrations were observed between premeno-
pausal and postmenopausal women.

Using linear regression analyses, we calculated the propor-
tion of variance of lipid and lipoprotein levels accounted for by
the APOE polymorphism to estimate the quantitative effect of
allelese2 ande4 compared withe3 homozygosity. First, the
simplest model (model 1) was fitted to estimate the unadjusted
regression coefficients for each allele. Second, the independent
allelic effect was examined by adding covariates (age, BMI,
tobacco smoking, alcohol consumption, physical activity, mar-
ital status, and education) to the multivariate regression model
(model 2). In men, theAPOE polymorphism explained 7%

(P < .001), 0% P = .981), and 3% R < .006) of the
variability of plasma LDL-C, HDL-C, and TG concentrations,
respectively, in model 1. In women, the explained variance was
5%, 0%, and 1%, respectively. Table 4 shows adjusted regres-
sion coefficients folAPOE alleles and covariates in men and
women. Only LDL-C, HDL-C, and TG concentrations were
considered as outcome variables. When the set of covariates
was included in model 2, thAPOE polymorphism remained
independently associated with LDL-C leveR € .01) in both
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Table 3. Plasma Lipid and Lipoprotein Levels by APOE Genotypes and Sex in the Mediterranean Spanish Population

£2 e3 &4
(n = 40 men, 49 women) (n = 250 men, 373 women) (n = 48 men, 59 women)
Mean (SD) Mean (SD) Mean (SD) P* P Trend

Age (yr)

Men 37.4 (12.9) 36.8 (10.0) 38.4 (10.2) .579 .648

Women 36.7 (10.3) 36.0 (10.3) 36.1(10.2) .878 728
Total cholesterol (mg/dL)

Men 177 (31)%,8 202 (38)1,8 220 (36)T,* <.001 <.001

Women 176 (35)%,8 191 (32)t,8 209 (37)t,# <.001 <.001
LDL-C (mg/dL)

Men 110 (27)%,8 134 (32)t 144 (32)t <.001 <.001

Women 105 (31)%,8 120 (28)t,8 133 (34)t,+ <.001 <.001
HDL-C (mg/dL)

Men 43 (12) 43 (9) 43 (13) .982 .909

Women 56 (10) 55 (11) 55 (11) .842 .648
TG (mg/dL)

Men 109 (66) 107 (85)8 142 (115)% .006 .031

Women 69 (37) 68 (34) 77 (45) 152 .189
BMI (kg/m?)

Men 26.0 (3.8) 26.2 (3.8) 26.5 (3.9) .800 .510

Women 23.5(3.5) 23.5(4.3) 23.0 (3.7) .649 .661

* P value obtained by ANOVA for the global comparison between genotypes.
t P < .05 compared with the 2 group, Bonferroni post hoc test.
F P < .05 compared with the €3 group, Bonferroni post hoc test.
§ P < .05 compared with the ¢4 group, Bonferroni post hoc test.

sexes. Compared with model 1, the effect of #2eallele was  for the interaction effects betweeAPOE polymorphism
practically unchanged; however, in men, the association of thend lifestyle variables (alcohol consumption, tobacco smok-
&4 allele was attenuatedP (= .054). In women, the effects of ing, physical activity, and education) in men and women.
thee2 ande4 alleles were highly independent of the adjustmentThese factors were examined as dichotomous to increase
for covariates. the statistical power. In men, no statistically significant
Next, we tested the possible interaction effect between thénteraction effects were detected betweBROE genotype
APOE polymorphism and environmental factors separatelyand lifestyle variables for LDL-C or TGs. Highly statisti-
for each lipid outcome, entering in each multivariate modelcally significant interaction effects between tAREOEpoly-
(model 2) the corresponding interaction term (model 3). Themorphism and alcohol consumptioR € .002) and physical
interaction terms were added to the models, including theactivity (P < .001) were obtained for HDL-C levels in men.
main effects and all the confounders. Table 5 shéwsilues In women, the most prominent interaction effect was ob-

Table 4. Association of APOE Polymorphism With Lipid and Lipoprotein Levels

LDL-C HDL-C TG
Men Women Men Women Men Women
B* (SE) P B* (SE) P B* (SE) P B* (SE) P B* (SE) P B* (SE) P

APOE genotype <.002 <.001 .851 .752 .056 .021

&3 (reference) — — — — — —

£2 -21.6(5.2) <.001 -16.5(4.3) <.001 -0.8(1.7) .640 0.8(1.7) .651 9.2(17.2) .339 -0.3(5.9) .901

&4 9.2 (4.8) .054 14.1 (3.9) <.001 —-0.1(1.5) 953 —0.8(1.5) .608  30.8(15.8) .020 16.2(5.4) .006
BMI (kg/m?) 0.2 (0.5) .745 0.9 (0.3) .002 -0.8(0.2) <.001 -0.8(0.1) <.001 6.5(1.6) <.001 2.7 (0.5) <.001
Nonsmoking v

smoking —9.0 (3.5) .010 -1.9(2.6) 479 3.6(1.2) .001 2.9 (1.0) .006 —24.2(11.6) .008 —3.1(3.6) .269
Nondrinking v drinking —4.2 (6.0) .480 2.1(2.7) 445 —5.4(1.9) .004 0.2(1.1) .824 0.6 (19.8) 469 —1.5(3.8) 467
Sedentary v active 0.2 (3.5) .944 0.4 (2.6) .889 —0.3(1.1) 792 0.1(1.0) .900 24.1(11.8) .075 11.5(3.7) .002
Single v married —5.6 (4.2) .183 2.4 (2.8) .382 1.4(1.4) 297 2.6(1.1) .017 -9.8(14.2) .624 0.5 (3.9) .989
R? of the modelt 0.21 <.001 0.24 <.001 0.16 <.001 0.11 <.001 0.17 <.001 0.18 <.001

NOTE. Adjusted regression coefficients are presented for 338 men and 481 women from the Mediterranean Spanish population using multiple
linear regression models.

* B: Regression coefficient (in mg/dL).

t Regression models (model 2) included the following variables: APOE genotype, BMI, tobacco smoking, alcohol consumption, physical
activity, marital status, age, and education.
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Table 5. P Values for the Interaction Effects Between APOE Genotype and Lifestyle Factors on Lipid and Lipoprotein Levels in the
Mediterranean Spanish Population

Men (n = 338) Women (n = 481)
Model 2 + Interaction Termst LDL-C HDL-C TG LDL-C HDL-C TG
APOE genotype + alcohol consumption 0.330 0.002 0.906 0.003 0.236 0.878
APOE genotype + tobacco smoking 0.354 0.353 0.145 0.619 0.289 0.293
APOE genotype + physical activity 0.704 0.001 0.380 0.882 0.944 0.934
APOE genotype + education 0.708 0.336 0.902 0.218 0.404 0.404

NOTE. Multiple hierarchial linear regression models in men and women.

* Interaction term between the 2 indicated variables.

T The statistical significance of interaction terms in model 3 (model 2 + interaction terms) was tested by including the indicated interaction term
in model 2 for each lipid or lipoprotein variable. Lifestyle factors were considered as dichotomous variables, as indicated in Materials and
Methods.

tained with alcohol consumptiorP(< .003) in the analysis have been constructed may have limited power to detect some
of LDL-C. interactions, men and women were combined to increase the
Because these gene—environment interaction effects are copower. All regression models presented in Table 5 were fitted
sidered effect modifiers, to estimate the direction of the effectfor men and women together including a sex variable. In these
regression coefficients for each level of the interaction termamultiple hierarchical regression models, we first tested the
were examined in the multivariate regression model (results nointeraction term among gende&xPOE genotype, and environ-
shown). Estimated means for each lipid level were computednental factor. If this interaction term was statistically signifi-
from the adjusted models. Adjusted mean values were comeant, men and women cannot be combined. We found a statis-
pared across the different genotypes or environmental factorcally significant gender—gene—environment interaction only
as indicated. Figure 1A shows the modification of the effect ofin the case of physical activityP(< .021) in determining
APOE genotypes on LDL-C concentrations by alcohol con- HDL-C concentrations. The interaction term among gender,
sumption in women. After adjustment for covariates, LDL-C APOE genotype, and alcohol consumption in determining
levels in 2 female drinkers were lower than in 2 nondrinkersLDL-C levels was not significantR = .178). The statistical
(96 = 27 and 117=* 32 mg/dL, respectivelyP < .014). significance for the interaction term between alcohol consump-
Moreover, ine4 female drinkers, LDL-C concentrations were tion (drinkers and nondrinkers) amdPOE genotype in deter-
also lower than ire4 nondrinkers (128+ 30 and 148+ 31 mining LDL-C levels by combining men and women wRs<
mg/dL, respectively;P < .010). In addition, when LDL-C .010. These results indicated that in men, alcohol drinking also
levels acrossAPOE genotypes were examined in relation to modified the effect of theAPOE genotype on LDL-C levels;
drinking status, LDL-C did not differ between th& ande4 however, because of the small prevalence of nondrinkers in our
groups (121* 27 and 127+ 30 mg/dL, respectivelyP = population, we cannot detect such interaction.
.151) in drinkers. In nondrinkers, LDL-C concentrations did not No additional statistically significant interaction terms be-
differ between the2 ande3 groups (117+ 32 and 122+ 30 tween APOE genotype and environmental variables were de-
mg/dL, respectivelyP = .468). When we examined a possible tected in the other models combining men and women.
dose response in the effect of alcohol consumption in women
considering the 3 categories of drinking status (nondrinkers,
low consumption, and moderate-high consumption, based on DISCUSSION
mean of alcohol intake in drinkers of 5 g/d) in a multiple linear The APOEgene has been proposed as a model candidate for
regression model, a clear trend was found, with LDL-C con-study of gene—environment interaction effet$8.Consistent
centrations decreasing with higher concentrations of alcohoWith this proposal, we found in our population that several

intake (Fig 1B). lifestyle factors modify the effect of the comméiPOEalleles
In men, the most significant gene—environment interactionon lipid traits.
effect was found between physical activity and tAROE Some studies have shown the heterogeneithPOE allele

polymorphism on HDL-C concentration® (< .001). Figure 2  frequencies around the worl@18.31.32 This variation is of
shows the modification of the effect of this polymorphism on particular interest in Europe because it parallels the CHD
HDL-C concentrations in men according to their physical ac-mortality patterr?® The frequency of the4 allele follows a
tivity (sedentaryv active). HDL-C levels differed acrogPOE  clear north to south gradient, ranging from more than 0.20 in
genotypes in sedentary men, with th@ carriers showing Sweden and Finland to less than 0.07 in Greece andt&Rs33
higher levels tham4 carriers P for trend< .012). Conversely, Spain, as a southern European country, should have a low
in active men, we observed the opposite eff€ct(.019), with prevalence of the4 allele, but studies analyzing this topic are
&4 carriers showing the highest HDL-C concentrations. Thescarce and have had small sample sizes. Our results, obtained in
greatest effect of physical activity was noted amadgsub-  a large and randomly selected sample from the Mediterranean
jects, with mean HDL-C values of 38 8 and 48+ 15 mg/dL ~ Spanish population, confirms the under-representation of this
(P < .006) for sedentary and active subjects, respectively. allele in Southern Europe. Although the allele frequency
Finally, taking into account that the regression models thatestimated in the present study is the lowest reported in Spain,
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Fig 1. Interaction between APOE polymorphism and alcohol con-
sumption in predicting LDL-C levels in women, considering (A) a
dichotomous variable or (B) a variable with 3 categories. Estimated
means for LDL-C by APOE genotype and alcohol consumption were
adjusted for age, BMI, tobacco smoking, physical activity, marital
status, and education, as indicated in Materials and Methods. The
indicated P values for interaction corresponded to statistical signifi-
cance for the interaction terms between APOE genotype and the
alcohol consumption variable in the multivariate regression models
(model 3). P values shown for each genotype correspond to the
comparison between the categories of alcohol consumption (28
drinkers and 21 nondrinker in the €2 group; 218 drinkers and 155
nondrinkers in the £3 group; and 39 drinkers and 20 nondrinkers in
the ¢4 group).
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Despite the significant geographic differences in allele fre-
quencies, most studies have found that 44eallele is associ-
ated with increased levels of total cholesterol and LDL-C
compared withe3, and the opposite is true foR.7-9.14.15.36.31n
our study, which included young healthy subjects to minimize
the effects of medication and aging on serum lipid profiles, the
g2 carriers have lower total cholesterol concentratieidss3
subjects have intermediate concentrations,&hdarriers have
a higher concentrations in both sexes, even after adjustment for
covariates. We found a similar association for LDL-C in
women; however, in men, the difference betwedrande3/e3
carriers was smaller and borderline significant. Some previous
studies have indicated sex differences in the effecABOE
polymorphism on plasma lipid and lipoprotein levéts$6-3°In
the Framingham Study, women, especially postmenopausal
women, had greater effects APOEpolymorphism on LDL-C
than did mer#7 In the other Spanish study in healthy subjects
from Madrid34 no effect of the APOE polymorphism on
LDL-C concentrations was detected in men. Some authors have
suggested that a hormonal influence is responsible for the
different effects observed in women and men. Alternatively,
there may be additional lifestyle factors, differentially distrib-
uted in men and women, that modulate the effectABIOE
polymorphism on LDL-C levels. These environmental factors
may also be responsible for the differences in the effect of the
APOE polymorphism on lipid traits reported across several
populations around the world. Among environmental factors,
diet has been proposed as a plausible modulator of allele
effects, and several authors have argued a gene—diet interaction
to explain the lack of effect of the4 allele to increase LDL-C
concentrations as observed by Deiana éf &l the island

50
MEN
48
P interaction= 0.001
46
3
D 44
E
(@]
242
[a)
T
APOE genotype
40
[E2 (n=40)
38
E3 (n=250)
36 HEEEE Ml (n-48)

Sedentary (n=171) Active (n=167)

Physical activity

the differences from other Spanish regions were not statistically
significant23.34 suggesting that this allele may be homoge-
ne_OUSIy low in the (_:ountry. The frequency Of_tbé a”e_le In the £2 group; 128 sedentary and active in the £3 group; 25 sedentary
this study (0.057) differed from that reported in Madfiénd and 23 active in the £4 group). Estimated means for HDL-C by APOE
was one of the lowest in Europe, along with those of Greeksgenotype and physical activity were adjusted for age, BMI, tobacco

(0_054) and the Sardinian populations (0.0%).—iowever smoking, alcohol consumption, marital status, and education as in-
' dicated in Materials and Methods. The indicated P value for interac-

Whe_n comparing allele frequenmes, we studied a WOI’kI.ng p0pTtion corresponds to the statistical significance for the interaction
ulation aged 18 to 66 years that may not be representative of th@rm between the APOE genotype and physical activity in the corre-

total population. sponding multivariate regression model (model 3).

Fig 2. Interaction between APOE polymorphism and physical ac-
tivity in predicting HDL-C levels in men (18 sedentary and 22 active in
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population of Sardinia, by Kamboh et@in the Evenki Herd- Although in the present study no association was found
ers of Siberia, or by Aguilar et i in a Native American rural  between APOE polymorphism and HDL-C concentrations
population in western Mexico. Other environmental factorswhen all subjects were analyzed, some statistically significant
such as tobacco smoking, alcohol consumption, physical activinteractions between this polymorphism and environmental
ity, and education also could interact with the allele effectsfactors were observed. The nonassociationABIOE alleles
affecting lipid traits. However, few studies have focused on thewith HDL-C levels has been consistent among studies in
interactions between apoE polymorphism and this wide spechealthy population&?.23.32.45-47 However, a meta-analysk
trum of environmental factors. One of the reasons might be thashowed that HDL-C concentration was influenced by the
large sample sizes are required for acceptable power in dete@&POE genotype. Recently, some studies in healthy popula-
tion of such interaction effects. The power of the test to detections'#15.36.4%have observed that the? allele was associated
interactions depends on the number of observations, the alleleith increased mean HDL-C concentrations, whereas the op-
frequencies, the proportion of subjects in both genetic andposite was observed for thel allele. However, important sex
environmental conditions, and the type of interaction. Takingdifferences have been reported for this association. Robitaille et
into account the sample size calculations according to the typal?® found no relationship between th&POE polymorphism
of interaction on continuous traits proposed by van den ®@brd, and HDL-C levels in women, whereas in the same population
our sample size was large enough to detect type 1a, type 5, aral highly significant association was observed in men. In con-
type 6 interactions by sex in the case of dichotomous environirast, in the CARDIA study? the association was higher in
mental variables, except for alcohol consumption in men, bewomen. These results are in agreement with the interactions
cause of the small prevalence of nondrinkers. Larger sampléetween some environmental factors (physical activity and
sizes are needed for detection of other interaction types. alcohol consumption) and th®POE genotype in determining
Our results show that of the all lifestyle factors analyzed in HDL-C concentrations found in this study. Our study showed a
women, only the interaction of alcohol consumption with the statistically significant interaction betweehPOE polymor-
APOEpolymorphism resulted in a statistically significant effect phism and physical activity on HDL-C concentrations in men.
in the determination of LDL-C levels. Assuming that the usual When 2 groups where considered, HDL-C concentrations in
effect of thee2 allele is to decrease LDL-C concentrations, active men were higher in4 carriers. The opposite was ob-
female nondrinkers carrying the allele had increased LDL-C served for sedentary men. In several experimental studies, it
levels that reached mean values similar than those detected tmas been suggested thaPOE genotypes might modify the
£3/e3 women. Nondrinker status ¥ carriers was also asso- relationship of physical activity to lipid leveid5tbut there are
ciated with higher LDL-C concentrations than ¢4 drinkers.  no large observational studies analyzing this association or
The mechanism by which alcohol consumption may modify thepossible additional differences by sex.
effect of APOEgenotype on LDL-C levels is not known, but it Regarding the association betweROEpolymorphism and
may be related to changes in absorption of dietary cholesteraT G concentrations, statistically nonsignificant interaction ef-
and/or down-regulation of the hepatic LDL recepto®n the  fects with environmental factors were found in the present
other hand, these observations may be related to the beneficiatudy. Because the standard deviation for TG levels was higher
effect of moderate alcohol consumption on cardiovasculatthan for the other lipid variables, a lack of statistical power to
risk4243This is the first time that the interaction between the detect such interactions could not be discarded. Presently, the
APOE genotype and alcohol consumption has been demonassociation oAPOE genotype with TG concentrations is still
strated in women. In men, 1 previous study has reported amontroversial and depends greatly on the demographic charac-
interaction between th&POEpolymorphism and alcohol con- teristics of the populatiok*17.23.36Based on the results of a
sumption in determining blood pressure lev&Recently, in  meta-analysis, Dallongeville et*8khowed that TG levels were
the Framingham Offspring Study we reported an interactionhigher in subjects carrying the or ¢4 allele. Our results showed
between theAPOEpolymorphism and alcohol consumption on a clear effect of the4 allele, but the increasing effect 8 was
LDL-C concentrations in meff. In the present study, although not detected. Such conflicting results strongly suggest that the link
the interaction effects between this genetic polymorphism andetweenAPOE polymorphism and TG concentrations also in-
alcohol consumption were not statistically significant in men, volves many interactions with environmental factors.
when men and women were combined in the multivariate In summary, the findings of the present study, which was
regression model, the interaction term reached statistical sigperformed in a healthy Mediterranean population, showed that
nificance, indicating a similar effect of this interaction in both environmental factors modulate the effect of heOE poly-
sexes. However, the small prevalence of nondrinking men irmorphism on lipid concentrations, explaining the heterogeneity
the Mediterranean Spanish population largely affects the staef the magnitude of the allelic effect estimated among different

tistical power of this test in men. populations.
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