
Associations between Apolipoprotein E Genotype, Diet,
Body Mass Index, and Serum Lipids in Lithuanian Adult
Population
Janina Petkeviciene1*, Alina Smalinskiene2, Dalia Ieva Luksiene2, Kristina Jureniene2,

Vitalija Ramazauskiene1, Jurate Klumbiene1, Vaiva Lesauskaite2

1 Faculty of Public Health, Medical Academy, Lithuanian University of Health Sciences, Kaunas, Lithuania, 2 Institute of Cardiology, Medical Academy, Lithuanian University

of Health Sciences, Kaunas, Lithuania

Abstract

Background: Apolipoprotein E (APOE) polymorphism is associated with lipid levels. Some studies have reported that blood
lipid response to diet or obesity varies depending on APOE genotypes. The aim of this study was to assess the effect of APOE
genotypes, the intake of saturated fatty acids (SFA), and obesity on serum lipid levels in Lithuanian adult population.

Methodology/Principal Findings: A cross-sectional health survey was carried out in five municipalities of Lithuania. The
random sample was obtained from lists of 25–64 year-old inhabitants registered at primary health care centres. The data
from 996 subjects (416 men and 580 women) were analysed in this study. Two single-nucleotide polymorphisms (rs429358
and rs7412) were assessed using a real-time polymerase chain reaction. 24-hour recall and food frequency questionnaire
were used for evaluation of dietary habits. Serum lipids were determined using enzymatic methods. Men and women with
the APOE2 genotype had the lowest level of total cholesterol (TC) (p = 0.002 for men, and p = 0.02 for women) and low-
density lipoprotein cholesterol (LDL-C) (p,0.001). Multivariate linear regression analysis showed that age, genotype APOE2,
SFA intake, and body mass index (BMI) were significant determinants of TC and LDL-C level (with p values ranging from
0.043 to 0.001). Our data did not reveal any statistically significant interactions between APOE genotype and SFA intake or
between APOE genotype and BMI regarding TC and LDL-C level (all p.0.05). However, the predictive power of the
regression model for LDL-C improved when gene-BMI interaction and gene-BMI interaction plus gene-nutrient interaction
were added (p = 0.04 and p = 0.032 for R2 change, respectively).

Conclusions/Significance: APOE genotypes, SFA intake, and obesity were found to be associated with blood lipid levels in
Lithuanian adult population. Analysis of gene-diet and gene-obesity interactions did not confirm that the effects of diet and
obesity on TC and LDL-C level significantly depended on APOE genotype.
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Introduction

Dyslipidemia has been defined as one of the principal risk

factors for the development of cardiovascular diseases (CVD) [1,2].

Dietary habits such as saturated fatty acid (SFA) intake, obesity,

and genetic factors are known to influence blood lipid profile [3–

5]. Apolipoprotein E (APOE) plays an important role in lipid

metabolism [6]. APOE mediates the uptake of lipoproteins

through ligand-receptor interaction with the low-density lipopro-

tein (LDL) receptors [7]. APOE is polymorphic and has three

major isoforms encoded by three alleles of chromosome 19 (e2, e3

and e4) [8]. APOE interactions with lipoprotein receptors depend

on APOE isoform [9]. In most of the studied populations, the

presence of the APOE e2 allele was associated with low levels of

low-density lipoprotein cholesterol (LDL-C), whereas the APOE e4

allele was related to elevated levels of LDL-C [10–12].

Some studies have reported that diet may influence the effect of

APOE polymorphism on blood lipid levels [13–15]. The data

indicated that carriers of the e4 allele were more responsive to high

fat and cholesterol intake than those without the e4 allele. Other

studies failed to demonstrate that people with different APOE

genotypes respond differently to dietary fat [16–18]. In addition to

diet, a modulating effect of body mass index (BMI) on the

association between the APOE genotype and blood lipids has been

reported [19,20].

High morbidity and mortality from CVD is a major health

problem in Lithuania [21]. In 2009, the age-standardized

mortality rate was 122.3 per 100 000 Lithuanian population aged

0–64 years, while the average rate in the European Union was

45.6 per 100 000 population of the same age [22]. Disparities in

CVD mortality can be linked to a number of complex factors, such

as economic, social, lifestyle, and genetic factors. In Lithuania, the
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transition period from a centralized communist to a market-

oriented economy was characterized by some positive changes in

the food habits of the population. The use of vegetable fats and the

frequency of consumption of fresh vegetables increased. Con-

versely, the use of animal fats declined. However, epidemiological

studies have demonstrated that diet-related CVD risk factors

including dyslipidemia and obesity are still highly prevalent in the

country [23,24]. Furthermore, there is a lack of data regarding the

role of genetic factors and gene-environmental interactions for

CVD risk in Lithuania. Such data can help to assess the risk of

CVD more accurately and to define the most vulnerable groups of

people who would benefit from interventions.

The aim of this study was to assess the relationships of APOE

genotypes, dietary intake, and body mass index with serum lipid

levels in Lithuanian adult population.

Materials and Methods

Ethics Statement
The study protocol was approved by the Lithuanian Bioethics

Committee. Written informed consent for the participation in the

study was obtained from all participants.

Study design and sample
The cross-sectional health survey was carried out in five

municipalities, with populations ranging from 20 to 45 thousands,

randomly selected from the northern, southern, eastern, western

and central parts of Lithuania. The random sample was obtained

from lists of 25–64 year-old inhabitants registered at the primary

health care centres of the included municipalities. In Lithuania,

the majority of the population is registered with a primary health

care institution [21]. In 2007, health examinations were conducted

for 1739 participants (58% of the eligible sample). From these,

1035 randomly selected individuals (429 men and 606 women)

had their APOE genotypes determined. Those individuals did not

differ from other participants of health examination with respect to

basic demographic characteristics, lipid levels, and BMI. We

excluded 34 subjects with the rare APOE e2/4 genotype and 5

subjects taking lipid-lowering medications from our analysis.

Finally, data of 996 subjects (416 men and 580 women) were

analysed in this study.

APOE genotyping
For DNA extraction, blood samples were collected from each

individual in ethylenediaminetetraacetic (EDTA) tubes during

their health examination. DNA was extracted from peripheral

blood leukocytes using a reagent kit (NucleoSpin Blood L Kit;

Macherey & Nagel, Düren, Germany).

Two single-nucleotide polymorphisms (SNPs) (rs429358 and

rs7412) were assessed using TaqMan assays (Applied Biosystems,

Foster City, CA, USA). We used the Applied Biosystems 7900HT

Real-Time Polymerase Chain Reaction System for detecting the

SNPs. The cycling program started with heating at 95uC for

10 min, followed by 40 cycles (at 95uC for 15 s and at 60uC for

1 min). Allelic discrimination was carried out using the software of

Applied Biosystems. The allele APOE e2 has a cytosine-to-thymine

base-pair substitution in rs7412, while in APOE e4, a thymine is

replaced by a cytosine in rs429358.

Three genotype groups were analysed in this study: APOE2

(carriers of the e 2/2 and the e 2/3 genotype), APOE3 (carriers of

the e 3/3genotype), and APOE4 (carriers of the e 3/4 and the e 4/4

genotype).

Laboratory analyses and anthropometric measurements
Blood samples for lipid levels measurements were taken in the

morning after at least 12 hours of fasting. TC, LDL-C, HDL-C,

and TG levels were determined using an automatic analyser under

conventional enzymatic methodology. All laboratory analyses

were made in the same certified laboratory. Quality control

measures were followed for the estimation of lipid concentrations.

The height of participants (without shoes) was measured with

the accuracy of one centimeter, using a stadiometer. The body

weight of participants, wearing light indoor clothing and no shoes,

was measured with the accuracy of 0.1 kg, using standardized

medical scales. BMI was calculated as weight divided by height

squared (kg/m2). Obesity was defined as BMI$30 kg/m2.

Dietary assessment
A 24-hour dietary recall and food frequency questionnaire were

used for the assessment of dietary intake [25]. The questionnaire

included questions about food habits related to meat and milk

consumption as well as the type of fat used in cooking and

spreading on bread. Trained dietary interviewers collected the

data. Food models, a validated picture book, and household

measures were used to quantify food portions sizes. Nutrient values

of food were calculated using the Lithuanian Food Composition

Tables [26,27].

Statistical analysis
Statistical analysis was performed using the SPSS software

package, version 19.0 for Windows. Categorical variables were

expressed as percentages and tested by the x2 test. Hardy-

Weinberg equilibrium was also assessed using the x2 test. The

normality of the distribution of continuous variables was tested by

the Kolmogorov - Smirnov test. Only distribution of triglyceride

levels was skewed, and this variable was logarithmically trans-

formed to improve normality for statistical testing. Estimated

means were subsequently back-transformed for presentation in the

tables. Analysis of variance with Bonferroni multiple comparison

tests were used to compare the mean values of continuous

variables across groups.

The dietary variable included in the analysis was the percent of

total energy intake (E%) from SFA, because only this nutrient was

associated with lipid levels. Multiple linear regression models were

applied to test the effects of APOE genotypes, SFA intake, and BMI

on lipid levels, controlling for sex and age. Separate models

included the main effect and interaction terms (gene-nutrient or/

and gene-BMI interactions). Genotypes were included as dummy

variables. In order to test whether the interaction terms added any

significant predictive power to the regression model, change in R2

and the significance of R2 change were calculated. A p-value less

than 0.05 was considered to be statistically significant.

Results

The prevalence of APOE genotypes and alleles in the study

population is presented in Table 1. The APOE allele frequencies

were 0.10 for APOE e2, 0.78 for APOE e3, and 0.12 for APOE e4.

We did not observe any significant differences in the frequencies of

genotypes or alleles between men and women. Furthermore,

frequencies of genotypes in men and women did not differ

significantly from those predicted by the Hardy-Weinberg

equilibrium (x2 = 4.91; p = 0.178 for men, and x2 = 4.88;

p = 0.181 for women).

The characteristics of study subjects according to APOE

genotypes are given in Table 2 and Table 3. Mean values of

age, intake of SFA, and BMI, as well as the prevalence of obesity,
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were similar in groups with different genotypes. An association

between APOE genotypes and the lipid levels was observed. Men

and women with APOE2 genotype had the lowest level of TC and

LDL-C. Mean values of TC and LDL-C were highest in the

APOE4 genotype group; however, they did not differ significantly

from mean values of lipids of APOE3 genotype carriers. No

statistically significant effect of APOE genotypes on the level of

HDL-C and TG was observed.

The prevalence of obesity in the study population was 28.9%

(95% CI: 26.1–31.7). Overweight and obesity were associated with

an atherogenic blood lipid profile (Table 4). Overweight and obese

subjects had higher levels of TC, LDL-C, and TG and lower levels

of HDL-C than people with normal BMI did. The diet of the study

population was very high in SFA. The average share of SFA in

total energy intake was 14.7 (4.9) E% in men and 14.3 (4.8) E% in

women (p.0.05). High intake of SFA was related to higher levels

of TC, LDL-C, and TG (Table 4).

The regression model showed that age, genotype APOE2, SFA

intake, and BMI were the significant determinants of TC and

LDL-C (Model 1) (Table 5 and Table 6). The presence of APOE2

genotype contributed negatively to lipid levels. After including the

gene-nutrient interaction into the model, the contribution of

APOE4 genotype to both TC and LDL-C reached statistical

Table 1. Prevalence (%) of apolipoprotein E genotypes and
frequency of alleles in the study population.

Men (n = 429) Women (n = 606) Total (n = 1035)

N % n % n %

Genotype

e 2/2 2 0.5 2 0.3 4 0.4

e 3/2 77 17.9 95 15.7 172 16.6

e 3/3 273 63.6 362 59.7 635 61.3

e 4/2 13 3.0 21 3.5 34 3.3

e 4/3 62 14.5 117 19.3 179 17.3

e 4/4 2 0.5 9 1.5 11 1.1

Allele

e2 0.11 0.10 0.10

e3 0.80 0.77 0.78

e4 0.09 0.13 0.11

doi:10.1371/journal.pone.0041525.t001

Table 2. Characteristics of the population (means and
standard deviations (SD) or percentage) according to
apolipoprotein E genotype (men).

Characteristics Apolipoprotein E genotype

APOE2 APOE3 APOE4 p ANOVA

Age (years) 46.5 (10.5) 48.1 (10.8) 48.1 (9.2) 0.462

TC (mmol/l) 4.99 (1.10) 5.37* (1.04) 5.56* (0.97) 0.002

LDL-C (mmol/l) 2.97 (0.82 3.49* (1.02) 3.61* (0.93) ,0.001

HDL-C (mmol/l) 1.23 (0.47) 1.30 (0.40) 1.33 (0.60) 0.393

TGa (mmol/l) 1.71 (0.73) 1.59 (0.90) 1.68 (0.66) 0.052

BMI (kg/m2) 27.4 (5.0) 27.6 (5.1) 27.6 (4.5) 0.943

Obesity (%) 24.4 27.3 23.8 0.812

SFA (E %) 14.1 (4.6) 14.9 (5.2) 14.4 (4.0) 0.943

*p,0.05 compared to APOE2 (Post hoc analysis with Bonferroni corrections).
aTriglycerides were logarithmically transformed before analysis, and estimated
means were subsequently back-transformed for presentation in the Tables.
Abbreviations: APOE – apolipoprotein E; TC – total cholesterol; LDL-C – low-
density lipoprotein cholesterol; HDL-C – high-density lipoprotein cholesterol;
TG – triglycerides; SFA – saturated fatty acids; E% – percentage of total energy
intake.
doi:10.1371/journal.pone.0041525.t002

Table 3. Characteristics of the population (means and
standard deviations (SD) or percentage) according to
apolipoprotein E genotype (women).

Characteristics Apolipoprotein E genotype

APOE2 APOE3 APOE4 p ANOVA

Age (years) 46.0 (10.1) 46.6 (10.8) 45.2 (11.6) 0.427

TC (mmol/l) 5.02 (1.17) 5.35* (0.98) 5.35* (1.14) 0.02

LDL-C (mmol/l) 2.72 (1.01) 3.32* (0.91) 3.33* (0.99) ,0.001

HDL-C (mmol/l) 1.48 (0.43) 1.41 (0.34) 1.44 (0.42) 0.262

TGa (mmol/l) 1.44 (0.63) 1.47 (0.61) 1.44 (0.51) 0.861

BMI (kg/m2) 27.2 (5.8) 28.2 (7.2) 28.3 (6.3) 0.372

Obesity (%) 27.1 30.7 36.5 0.270

SFA (E %) 13.7 (4.44) 14.6 (4.7) 14.3 (5.2) 0.372

*p,0.05 compared to APOE2 (Post hoc analysis with Bonferroni corrections).
aTriglycerides were logarithmically transformed before analysis, and estimated
means were subsequently back-transformed for presentation in the Tables.
Abbreviations: APOE – apolipoprotein E; TC – total cholesterol; LDL-C – low-
density lipoprotein cholesterol; HDL-C – high-density lipoprotein cholesterol;
TG – triglycerides; SFA – saturated fatty acids; E% – percentage of total energy
intake.
doi:10.1371/journal.pone.0041525.t003

Table 4. Mean serum lipid levels (mmol/l), according to body
mass index and saturated fatty acid intake.

Lipids Body mass index
Saturated fatty acid intake
(E%)

,25 25–29 $30 pa #14.2 .14.2 pb

TC 5.07 5.41* 5.48* ,0.001 5.20 5.40 0.005

SD 0.94 1.07 1.10 1.04 1.08

LDL-C 2.99 3.43* 3.52* ,0.001 3.22 3.36 0.034

SD 0.89 0.98 1.00 1.00 0.98

HDL-C 1.53 1.36* 1.23*# ,0.001 1.39 1.37 0.476

SD 0.44 0.41 0.32 0.40 0.41

TG 1.33 1.53* 1.73*# ,0.001 1.46 1.54 0.042

SD 0.48 0.64 0.92 0.66 0.75

Estimates are age-adjusted. Triglycerides were logarithmically transformed
before analysis, and estimated means were subsequently back-transformed for
presentation in the Tables.
ap calculated using ANOVA;
bp calculated using Student t test.
*p,0.001 compared to BMI,25;
#p,0.001 compared to BMI 25–29 (Post hoc analysis with Bonferroni
corrections).
Abbreviations: SD – standard deviation; TC – total cholesterol; LDL-C – low-
density lipoprotein cholesterol; HDL-C – high-density lipoprotein cholesterol;
TG – triglycerides; BMI – body mass index; SFA – saturated fatty acids; E% –
percentage of total energy intake.
doi:10.1371/journal.pone.0041525.t004
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significance (Model 2). The model with gene-BMI interaction

(Model 3), as well as gene-nutrient interaction plus gene-BMI

interaction (Model 4), showed a significant contribution of age,

SFA intake, and BMI to lipid levels. We did not find any

statistically significant interaction between APOE genotypes and

SFA intake or between APOE genotypes and BMI in any of the

regression models. With the addition of the terms of interaction to

the regression model predicting TC, R2 increased only slightly,

and the change in R2 was not statistically significant (Table 5).

Hence, the interactions did not add any significant predictive

power to the regression model. Meanwhile, the inclusion of gene-

BMI interaction and gene-BMI interaction plus gene-nutrient

interaction statistically significant improved the predictive power

of the regression model predicting LDL-C, although the change in

R2 was small (Table 6).

Next, we assessed the association of SFA intake and BMI with

lipid levels using multiple linear regression analysis stratified by

genotype. A statistically significant contribution of SFA intake to

TC and LDL-C levels was only found in APOE3 genotype carriers

(b= 0.029, p,0.001 for TC and b= 0.022, p = 0.006 for LDL-C).

BMI was associated with lipid levels among individuals with the

APOE3 and APOE4 genotype. The effect of BMI was stronger in

APOE4 genotype carriers (b= 0.041, p = 0.003 for TC and

b= 0.054, p,0.001 for LDL-C) (data not shown).

We used multivariate regression models to test the effects of

APOE genotypes, SFA intake, and BMI on HDL-C and TG levels.

Only BMI contributed negatively to HDL-C level (b= 20.020,

p,0.001) and positively - to TG level (b= 0.025, p,0.001).

Neither APOE genotypes nor SFA intake were significant

determinants of HDL-C and TG levels. Furthermore, we did

not find any statistically significant gene-nutrient and gene-BMI

interactions in the regression models predicting HDL-C and TG

levels (data not shown).

Discussion

To date, this is the first study that assessed the frequencies of the

APOE allele, the association of the APOE genotypes with lipid

levels, and the effect of the interaction between APOE genotypes,

SFA intake, and obesity on lipid levels in the adult Lithuanian

population. The frequencies of the APOE allele in our population

were comparable with previously reported data for other

European populations [28–31].

Our study demonstrated that the APOE2 genotype was

associated with the lowest level of TC and LDL-C, confirming

findings from other studies [10–12,20,29,30]. Some observations

proved that subjects with APOE2 genotype had higher levels of TG

than those with the APOE3 genotype [18,32]. APOE2 was found

Table 5. Association of apolipoprotein E genotype, SFA intake, and BMI with total cholesterol.

Models Model 1 Model 2 Model 3 Model 4

b (SE) b (SE) b (SE) b (SE)

Women vs men 20.062 (0.070) 20.062 (0.070) 20.063 (0.070) 20.063 (0.070)

P 0.380 0.378 0.369 0.367

Age (years) 0.026 (0.003) 0.026 (0.003) 0.025 (0.003) 0.025 (0.003)

P ,0.001 ,0.001 ,0.001 ,0.001

Dummy APOE2 20.253 (0.095) 0.111 (0.304) 0.241 (0.487) 0.589 (0.561)

P 0.008 0.715 0.620 0.294

Dummy APOE4 0.152 (0.090) 0.582 (0.282) 20.467 (0.452) 20.049 (0.515)

P 0.091 0.039 0.301 0.924

SFA 0.021 (0.007) 0.030 (0.009) 0.020 (0.007) 0.029 (0.009)

P 0.004 0.001 0.005 0.001

BMI 0.013 (0.006) 0.013 (0.006) 0.020 (0.009) 0.020 (0.009)

P 0.028 0.025 0.016 0.017

APOE2*SFA 20.026 (0.021) 20.025 (0.021)

P 0.212 0.220

APOE4*SFA 20.030 (0.019) 20.031 (0.018)

P 0.108 0.093

APOE2*BMI 20.018 (0.018) 20.018 (0.018)

P 0.293 0.301

APOE4*BMI 0.022 (0.016) 0.023 (0.016)

P 0.171 0.151

R2 0.117 0.121 0.121 0.125

DR2 0.004 0.004 0.008

pa 0.180 0.144 0.112

Regression coefficients are expressed in kg/m2 for BMI and in mmol/l for total cholesterol.
Model 1 – without interactions; Model 2 – with gene-SFA intake interaction; Model 3 – with gene-BMI interaction; Model 4 – with gene-SFA intake interaction and gene-
BMI interaction.
DR2 - R2 change compared to Model 1; pa - p for R2change.
Abbreviations: APOE – apolipoprotein E; BMI – body mass index; SFA – saturated fatty acids; SE – standard error.
doi:10.1371/journal.pone.0041525.t005

Apolipoprotein E Gene, Diet, Body Weight, Lipids

PLoS ONE | www.plosone.org 4 July 2012 | Volume 7 | Issue 7 | e41525



to bind poorly to lipoprotein receptors leading to the accumulation

of chylomicron and very low-density lipoprotein remnants [7–9].

In our study, the concentration of TG tended to be higher in men

with the APOE2 genotype compared to those with the APOE3

genotype, but no such differences were detected in women.

Previous studies demonstrated that the effects of APOE genotype

on lipid levels differ by gender [32,33]. The reasons for those

differences are not studied well; however, some authors stated that

they might be related to the influence of sex hormones [32].

In our study, high SFA intake was associated with increased

levels of TC, LDL-C, and TG. The average share of SFA in total

energy intake of Lithuanians (14.5 E%) was higher than that

recommended for CVD prevention (less than 10 E%) [34].

Positive changes in nutrition habits of Lithuanian population,

which occurred over two decades of post-communist transition

period (the increase in the use of vegetable oil in cooking and the

decrease in butter and high-fat milk consumption), improved the

quality of fat intake and contributed to the decline in mean TC

and LDL-C levels [25,35]. However, the increased purchasing

power of the inhabitants stimulated a rise in the consumption of

meat and meat products [36]. An increase in energy intake and a

decline in physical activity resulted in a high prevalence of obesity.

Since 1990s, the proportion of obese men almost doubled in

Lithuania [37]. Our study demonstrated that obese people had the

atherogenic lipid profile.

It is well known that individuals vary widely in their response to

any diet. This variation in response to dietary intake could be

associated with genetic polymorphisms [38,39]. Among environ-

mental factors, diet may be a major factor involved in the

modulation of genetic susceptibility to some diseases. A genetic risk

factor may lead to disorder only under certain environmental

conditions - for example, unhealthy diet [38,39]. Although the

intake of saturated fat raises the mean TC level of a population

leading to an increased risk of CVD, not all individuals within the

population are susceptible. Several studies have reported that

subjects with APOE4 genotype are more likely to respond to high

SFA intake with increased levels of LDL-C than those having

another APOE genotype [13,14,40]. Moreover, the association

between APOE4 genotype and LDL-C was stronger in populations

consuming high SFA diet than in those with low SFA intake. In

Costa Rica, where the diet of the population was low in SFA,

higher SFA intake was associated with increased levels of very low-

density lipoprotein cholesterol, lower HDL-C levels, and smaller

LDL particles in APOE2 genotype carriers, while the opposite

effect was found in APOE4 genotype carriers [41]. The authors

concluded that individuals with APOE2 genotype might have a

greater risk of CVD when exposed to diets high in SFA. Kofler et

Table 6. Association of apolipoprotein E genotype, SFA intake, and BMI with low-density lipoprotein cholesterol.

Models Model 1 Model 2 Model 3 Model 4

b (SE) b (SE) b (SE) b (SE)

Women vs men 20.197 (0.065) 20.197 (0.064) 20.198 (0.064) 20.198 (0.064)

P 0.002 0.002 0.002 0.002

Age (years) 0.021 (0.003) 0.020 (0.003) 0.019 (0.003) 0.019 (0.003)

P ,0.001 ,0.001 ,0.001 ,0.001

Dummy APOE2 20.457 (0.087) 20.172 (0.280) 0.213 (0.446) 0.479 (0.514)

P ,0.001 0.537 0.632 0.351

Dummy APOE4 0.117 (0.083) 0.568 (0.259) 20.543 (0.414) 20.106 (0.472)

P 0.159 0.028 0.190 0.823

SFA 0.013 (0.007) 0.022 (0.008) 0.012 (0.007) 0.021 (0.008)

P 0.043 0.006 0.05 0.007

BMI 0.023 (0.005) 0.023 (0.005) 0.032 (0.008) 0.032 (0.008)

P ,0.001 ,0.001 ,0.001 ,0.001

APOE2*SFA 20.020 (0.019) 20.019 (0.01)

P 0.291 0.308

APOE4*SFA 20.031 (0.017) 20.033 (0.017)

P 0.066 0.054

APOE2*BMI 20.025 (0.016) 20.025 (0.016)

P 0.121 0.124

APOE4*BMI 0.023 (0.015) 0.024 (0.015)

P 0.112 0.096

R2 0.151 0.154 0.157 0.161

DR2 0.004 0.007 0.011

pa 0.150 0.040 0.032

Regression coefficients are expressed in kg/m2 for BMI and in mmol/l for low-density lipoprotein cholesterol.
Model 1 – without interactions; Model 2 – with gene-SFA intake interaction; Model 3 – with gene-BMI interaction; Model 4 – with gene-SFA intake interaction and gene-
BMI interaction.
DR2 - R2 change compared to Model 1; pa - p for R2 change.
Abbreviations: APOE – apolipoprotein E; BMI – body mass index; SFA – saturated fatty acids; SE – standard error.
doi:10.1371/journal.pone.0041525.t006
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al. reported that the association between TG levels and BMI was

the also strongest among APOE2 carriers [20].

Our study did not reveal any significant effect of the interaction

between APOE genotype and SFA intake or between APOE

genotype and BMI on blood lipid levels. However, the predictive

power of the regression model for LDL-C improved when gene-

BMI interaction and gene-BMI interaction plus gene-nutrient

interaction were added. Several reasons explaining why statistical

tests for gene-diet and gene-obesity interactions were not

significant can be proposed. The sample size of our study was

relatively small, affecting its ability and power to detect the effect

of such interactions on lipid levels. A diet high in saturated fat was

typical for the majority of the study population, and thus the

possibility to evaluate the effect of lower SFA intake on lipid levels

with sufficient power was limited. Furthermore, the cross-sectional

study design did not allow us to consider all possible genetic and

environmental confounders that may influence lipid levels. The

development of dyslipidemias depends on the genetic diversity of

individuals, the complexity of dietary habits, and a variety of other

heath behaviours. Further research, particularly intervention

studies, will be necessary to assess the variability in response to

diet in relation to genetic factors.
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