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Abstract
Aim

Apolipoprotein E (ApoE) is one of the major triglyceride-rich lipoproteins, which acts as a genetic determinate of cardiovascular
disease (CVD). A common polymorphism in this gene codes for 3 isoforms E2, E3 and E4 with equivalent allele ε2, ε3 and ε4,
located on chromosome 19. Three alleles of apoE gene, e2, e3, and e4, are responsible for the major ApoE isoforms: ApoE2,
ApoE3, and ApoE4. The ApoE phenotype has been reported to be the strongest genetic factor that affects serum lipid and lipoprotein
concentrations, as well as influencing anthropometric parameters including obesity risk.
Methods

This case control study of randomly selected, free living individuals from North Greece investigated whether traditional Greek
Orthodox dietary practices could affect obesity markers independent of genetic influences, by examining the association between
ApoE genetic polymorphisms and BMI. Waist circumference (WC), waist hip ratio (WHR) and % fat mass (% FM), were measured
in healthy adults who follow the rules of Greek Orthodox fasting compared to those who did not. 382 subjects (246 women and 136
men) were included in the analysis, 161 fasters and 220 non-fasters as a control group.
Results

Age affected obesity markers in all participants with more obesity in the older subjects. ApoE alleles did not differ between fasting and
controls. When fasters where classified as obese and non-obese, there was no association with age (p>0,077). In the control group,
BMI and WC were associated with age and gender and WHR with apoE alleles (p<0.001). In the fasting group these correlations are
not observed (p=0.545 and p=0.365 respectively). In addition two-way ANOVA, including multiple comparison testing, demonstrated
interactions between independent variables (sex, age apoE alleles and fasting status) and their influence on BMI, %BF and WHR.
ApoE alleles and age significantly influence WHR (p=0.014). Between the three alleles statistically significant differences in WHR
is observed only in the young participants; mean±SD is 0.82±0.08, 0.86±0.1 and 0.81±0.09 in E2, E3 and E4 carrier, respectively
(p=0.04). Possibly Apo E4 showed a protective role against the increase of WHR, but age counterbalanced this effect.
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Conclusions

Obesity and overweight rates were very high (66.9% men and 55.3% women). Age affected obesity markers in all participants. BF was
higher, while WC and WHR were lower in women compared to men, independent of fasting status. However BMI values are smaller
in women compared to men only in the controls. BMI did not differ significantly between the sexes in the fasting group; thus BMI is
significantly higher in fasting women compared to non-fasting ones. In the present study we found that the effect of ApoE alleles on
adiposity was associated with age. Between the three alleles statistically significant differences in WHR were observed only in the
younger participants. Possibly Apo E4 played a protective role against the increase of WHR, but age counterbalanced this effect. In
conclusion, even if genetic risks factor influence the susceptibility to obesity and cardiometabolic disorders, lifestyle changes may
ameliorate these effects.
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Introduction

Obesity is a significant problem and it is considered to have
epidemic dimensions worldwide. Obesity constitutes a central
risk factor for atherosclerotic CVD development and progression
because of its association with many other cardiovascular risk
factors [1,2]. According to the IDEA study, waist circumference is a
strong predictor of CVD, stronger than BMI [3] and independently
of the relationship that BMI has with CVD risk [4]. For that reason
is important to understand the pathogenesis of adiposity and its
relationship with metabolic risk and cardiovascular disease.
Apolipoprotein E (ApoE) is one of major triglyceride-rich
lipoproteins. It is a 34 kDa circulating protein which associates
with chylomicron remnants, very low density lipoproteins and
high density lipoproteins. ApoE is the main ligand for the binding
to their receptors [5].
ApoE is a foundational component of all lipoprotein particles
apart from LDL and it works as a high-affinity ligand for lipoprotein
receptors. It seems to be a genetic determinate of CVD since it
influences factors which are related to obesity and lipid profiles
[6]. ApoE4 is a risk factor for Alzheimer’s and cardiovascular
disease [7]. ApoE alleles determine the risk of Alzheimer disease,
atherosclerosis and the efficiency of dyslipidaemia therapy [8].
Apolipoprotein E genes are of critical importance in cholesterol
and TG metabolism. A common polymorphism in this gene codes
for 3 isoforms E2, E3 and E4 with equivalent allele ε2, ε3 and ε4,
located on chromosome 19. Numerous studies have found that
ε4 is associated with a higher risk of CVD in males and females.
Three alleles of apoE gene, e2, e3, and e4, are responsible
for the major ApoE isoforms: ApoE2, ApoE3, and ApoE4, with
respective allele frequencies of 10, 75, and 15% [8]. ApoE3 is the
most common one in the Caucasian population [9,6,7].
The effect of genetic polymorphism in the ApoE gene has
shown to have effects on lipid profiles and cardiovascular risk
in adults [10]. The ApoE phenotype has been reported to be the
strongest genetic factor that affects serum lipid and lipoprotein
concentrations. It has been estimated to account for 16% of the
genetic variation in serum LDL-cholesterol levels [11].
It has been shown that ApoE polymorphism also influences
anthropometric parameters [12] such as adiposity in all

genotypes, and it has variable effects in different ethic groups
[13], but it is more definite in ε2 homozygote patients [14]. Other
researchers state that there is a certain point of fat accumulation
where ApoE plays a role in adipose functionality [5].
The religious teachings of the Greek Orthodox church contain
instructions concerning diet and fasting. Many of the ancient
religious dietary practices have a history going back to traditional
dietary knowledge, and they may well have modern-day health
implications. Greek orthodox holy books recommend a total
180—200 fasting days/year. During these periods meat, fish,
milk and dairy product intakes are proscribed every Wednesday
and Friday throughout the year and additionally there are three
longer fasting periods Christmas (40 days), Easter (45 days)
and Assumption (15 days). Seafood such as shrimps, squid,
cuttlefish, octopus, lobsters, crabs as well as snails are allowed
on all fasting days throughout the year. During fasting periods
calorie restriction is not required, but Greek orthodox adherents
seem to consume more carbohydrates and less fat. A major
difference between Greek Orthodox fasting and vegetarianism
is that even during fasting periods, protein consumption may not
differ [15]. The Greek Orthodox fasting practices can therefore
be characterized as requiring a periodic vegetarian diet which
includes fish and seafood [16]. This periodic vegetarianism
seems to have beneficial effects on markers of CVD [16] although
previous research hasn’t shown an influence of vegetarianism on
ApoE levels [17], which rather depend only on the genotype [18].
The aim of our study was to investigate whether this type of
nutritional model can affect obesity markers independent of
genetic influences. Thus, we examined the association between
ApoE genetic polymorphisms and BMI, WC, WHR, % FM, in
healthy adults who follow the rules of Greek Orthodox fasting.

Materials and methods
2.1. Study population

This is a case control study. All participants were randomly
selected, free living individuals from North Greece. They were all
healthy and free of any thyroid or metabolic disorders requiring
treatment such as hypothyroidsm, diabetes, hypertension, severe
dyslipidemia, and coronary heart disease. Each participant was
interviewed by a Registered Dietician in order to ensure that
fasting rules according to COC was followed [15]. They were
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divided into two age groups 18-35 (young adults) and 50-77
(old adults) and those two age groups were further sub-divided
into two subgroups, fasters and controls. Fasters in the young
group had been practising the orthodox fasting rituals from early
childhood and in the older age group for a mean of 20 years.
Finally, 382 subjects (246 women and 136 men) were included
in the analysis, 161 fasters and the remaining non-fasters were
regarded as a control group.
Each patient underwent anthropometric measurements,
and biochemical examinations on the same day. Height was
measured to the nearest 0.5 cm with a stadiometer, with an
accuracy of 0.5 cm (SECA 220, Seca Corporation, Columbia,
USA). Body weight was measured using a regular calibrated
digital scale with an accuracy of ±100g (Seca 707, Seca
Corporation, Columbia, USA). Body mass index (BMI) was
defined as the individual’s body mass divided by the square of
height (kg/m2).
Waist circumference (WC) was measured between the top of
the iliac crest and the bottom of the rib margin, at the end of
gentle expiration. Hip circumference (HC) was measured over the
maximum posterior extension of the trochanters. Circumferences
were measured with a tape to the nearest 0.1 cm over the naked
skin. The Waist to Hip ratio (WHR) was calculated as waist
circumference (cm) / hip circumference (cm).
Blood samples were drawn after a minimum 8-hour overnight
fast, collected in EDTA-containing tubes, and centrifuged at
3,000 rpm for 20 minutes (Hanil Science Industrial Co., Ltd,
Seoul, Korea). All samples were stored at -80o C.

2.2 Ethics Statement

The Study protocol was approved by the Committee of the
Technological institution of Thessaloniki. At the beginning of the
study all subjects gave written informed consent for participation.

2.3 Body composition

Body composition was determined by Dual energy X-ray
Absorptiometry (DXA). Fat mass (FM) and fat-free mass (FFM)
were calculated with Lunar DPX Bravo equations, using a Lunar
Prodigy Full Oracle (GE Healthcare, enCore software version
13.2). Body composition (fat mass, fat-free soft tissue mass)
was obtained according to standard procedures, by trained
personnel. All participants were scanned in light clothing lying
at on their back and with arms by their sides. The two discrete
energies X-rays that the scanner detects is 140 keV and 70 keV.
This allows two components to be distinguished in those pixels
that do not contain bone, fat and fat-free tissue [19]. Fat mass
and fat-free mass were expressed in kilograms.

2.4 DNA extraction and genotyping

Genomic DNA was isolated from frozen whole blood, using
the PureLink Genomic DNA Mini Kit (Invitrogen by Life
Technologies). The quality and quantity of DNA were checked
using a NanoDrop 1000 Spectrophotometer (Thermo Scientific).
The DNA concentration of each sample was adjusted to 20 ng/
ul through dilution with distilled water and arrayed into 96-well
PCR plates.
DNA amplification was performed on a 2720 thermal cycler
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(Applied Biosystems) using the AmpliTaq Gold® 360 Master
Mix (Applied Biosystems) with the following primers: P3apoE:
5’-CTCGCGGATGGCGCTGAGG
and
P5-apoE:
5’-CGGGCACGGCTGTCCAAGG. PCR (total volume 25 ul)
cycling conditions were as follows: 5 minutes at 95°C for DNA
denaturation, 35 cycles (60 sec at 95°C (denaturation), 45 sec at
65°C (annealing), and 120 sec at 72°C (extension)), and finally 10
minutes at 72°C. Using the aforementioned primer combination,
a 270 bp fragment of the Apo E gene was amplified, which
encompasses the codons 112 and 158 containing the polymorphic
sites. Post-PCR samples were sequenced using the BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) on
an ABI 3500 Genetic Analyzer (Applied Biosystems). Two SNPs,
a C→T at codon 112 and a C→T at codon 158, were genotyped
to identify the E2, E3 and E4 alleles in each sample.

2.5 Data analysis

Continuous variables (BMI, %BF, WC and WHR) are expressed
as mean±SD. The normality of the distribution of continuous
variables was tested by the Kolmogorov-Smirnov test.
Categorical variables are expressed as percentage. ApoE alleles
frequencies were calculated from genotype frequencies. HardyWeinberg equilibrium was assessed using the χ2 test.
World Health Organization standards were used for BMI
categorization: normal weight: <25 kg/m2, overweight: 25 - 29.9
kg/ m2 and obese: >30 kg/m2. Abdominal obesity was described
as waist circumference more than 102 cm in men and 88 cm in
women. WHR values above 0.9 for men and 0.8 for women,
respectively, defined also abdominal obesity. Body fat status was
evaluated according to age and sex of the participants [20,21].
Chi square2 tests were used in order to assess association
among categorical variables concerning BMI, %BF, WC, WHR
and the independent variables (age, sex, mode of nutrition,
ApoE alleles). In order to further analyse the possibility of
associations, odds ratios (ORs) and corresponding 95%
confidence intervals (CIs) binary or multinomial logistic
regression models were used.
T-test and analysis of variance tests were used to compare the
mean values of continuous variables between two groups or
across groups, respectively. In order to assess if there is any
interaction between the independent variables (sex, age, mode
of nutrition, ApoE alleles) on obesity indices (BMI, %BF, WC,
WHR), two-way Anova with Bonferroni multiple comparison
tests were used.
For all comparisons p-value<0.05 was considered to be
statistically significant. Statistical analysis was performed with
SPSS statistical software package version 20, IBM (SPSS Inc.
Chicago, IL, USA).

Results

ApoE genotypes were clustered into three groups: ApoE2 (carriers
of the E2/2 and the E2/3 genotype), ApoE3 (carriers of the E3/3
genotype) and ApoE4 ((carriers of the E3/4 and the E4/4 genotype).
The E2/2 combination was found only in one sample (0.3%) and
it was excluded. As it was expected, the most frequent allele was
ApoE3, followed by ApoE4 and ApoE2 (Table 1).
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Table 2 shows, no significant difference between the sexes
(p=0.379) (using Pearson Chi Square test) regarding the allelic
distribution. The genotype distribution was in Hardy-Weinberg
equilibrium (x2=5.77; p=0.05).
Table 3 shows the baseline characteristics of the population.
BF is higher while WC and WHR are lower in women compared
to men independent of fasting status. However BMI values are
smaller in women compared to men only in the controls. BMI did
not differ significantly between sexes in the fasting group.
Age affected obesity markers in all participants. In both fasters
and controls, mean values of all studied obesity indexes are
significant lower in younger than in older participants (p<0.001).
The comparison of mean values of indexes across carriers of the
different ApoE alleles didn’t show any significant difference in
both fasting and controls.
χ2 analysis identified that according to WC when the participants
where classified as obese and non obese, there was no
association with age (p>0,077). On the other hand in the control
group, χ2 analysis showed that all indexes were related to age
while BMI and WC were also associated with sex (p=0,006
&p=0,01, respectively) and WHR with apoE alleles (p<0.001). In
the fasters group these correlations are not observed (p=0.545
and p=0.365 respectively).
Table 4 shows the multiple logistic regressions evaluating the
contribution between independent variables (sex, age, nutritional
model, ApoE polymorphism) and obesity markers. In both
groups participants ≤35 years old are less likely to be obese,
according to their BMI (p<0.001 fasters και p<0.001 control) and
according to their %BF (p<0.007 και p<0.008 respectively). In the
control group, women compared to men were more likely to be
normal weight rather than obese (p=0.001) according to BMI but,
according to WC are more likely to have over normal values. In the
fasting group, sex and age did not appear to have any influence
(p<0.542, p<0.081 respectively). WHR in the young, fasters and
control, was less likely to be over normal compared to the older
age subjects. An influence of ApoE alleles was observed only in
the control group. ApoE3 carriers were more likely to have over
normal WHR compared to ApoE4 carriers (p=0.003).
In addition two-way ANOVA, including multiple comparison
testing, demonstrated interactions between independent variables
(sex, age apoE alleles and fasting status) and their influence on
BMI, %BF and WHR. There is a statistical significant interaction
between sex and age to BMI (p=0.016). Only in the young group

Table 1. Distribution of ApoE genotypes.
Τotal sample
N=382
(%)

Males
Ν=146
(%)

Females
n=236
(%)

E2/3

9.2

9.8

8.1

E3/3

78.8

78.0

80.1

E3/4

11.5

12.2

10.3

E2/2

0.3

0

0.7

E4/4

0.3

0

0.7

Table 2. Distribution of ApoE alleles

Ε2

Τotal sample
N=382
(%)

Males
Ν=146
(%)

Females
n=236
(%)

9.4

9.8

8.8

Ε3

78.8

78.0

80.1

Ε4

11.8

12.2

11.0

was BMI significant higher in men compared to women (p<0.001).
Concerning %BF there was a significant interaction between sex
and fasting (p=0.027). In the men there was no difference between
the fasters and non-fasters (p=0.645), in women fasters seem to
have significantly higher %BF compared to the controls (p=0.002).
ApoE alleles and age significantly influence WHR (p=0.014).
Between the three alleles statistically significant differences in
WHR is observed only in the young participants; mean±SD is
0.82±0.08, 0.86±0.1 and 0.81±0.09 in E2, E3 and E4 carrier,
respectively (p=0.04). Possibly Apo E4 showed a protective role
against the increase of WHR, but age counterbalanced this effect.

Discussion

In our study, the allelelic frequencies were 9.5%, 78.8% and 11.8%
respectively, for the APOE2, E3, and E4 allele. The distribution of
ApoE genotypes in our study resembles the findings of the only
previous study in Greek population [22]. Similarly, Caucasian
populations had similar values (8%, 77% and 15%), while a
Chinese population study showed values of 8.4%, 85.2% and
6.4% and a Japanese study showed 3.5%, 85.1% and 11.2%
respectively [23]. Accordingly, in a Chinese population, the ɛ2,
ɛ3, and ɛ4 allelelic frequencies were 8.3%, 83.4%, and 8.3%
for men and 8.7%, 82.9%, and 8.4% for women, respectively
[24]. In an urban Tehran (Iran) population, frequencies of E2,
E3, and E4 alleles were 9.7%, 73%, and 14.6%, respectively

Table 3. Athropomentric status of participants according to sex and fasting status.
Men

Women

p

Total
N=136

Fasters
N=56

Control
N=80

Total
N=136

Fasters
N=105

Control
N= 141

Total

Fasters

Control

BMI

27.30±4.18

27.17±4.46

27.40±3.99

26.29±5.00

26.72±4.64

25.97±5.25

0.046

0.555

0.036

%BF

28.41±8.68

28.02±9.45

28.69±8.15

40.69±8.25

42.62±7.99

39.27±8.17

<0.001

<0.001

<0.001

WC

90.69±12.25

90.78±14.22

90.63±10.82

79.69±12.65

80.90±12.05

78.77±13.06

<0.001

<0.001

<0.001

WHR

0.95±0.11

0.95±0.11

0.95±0.11

0.88±0.12

0.89±0.12

0.88±0.11

<0.001

<0.001

<0.001
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Table 4. Logistic regression model for BMI, %BF, WC and WHR in study population
Total sample
Test
variable

Predictor
variable

BMI

Age

Normal

overweight
%BF
non normal
WC
Obese

Fasters

Control

OR

95% CI

p

OR

95% CI

p

OR

95% CI

Young

8.786

<0.001*

7.583

9.682

(4.398, 21.314) <0.001*

Ref.

(2.927,
19.646)

<0.001*

older

(4.787,
16.126)

Young

1.606

0,693*

older

Ref.

(0.480,
3.021)

(0.208,
0.778)

0.007

(0.213,
1.094)

0.081

(0.887,2.907)

Ref.
0.118*

1.204
Ref.

Age
Young

0.439

Older

Ref.

(0.288, 0.699) <0.001

0.402
Ref.

Age
Young

0.396

(0.227, 0.692) 0.001

0.482

Older

Ref.

Ref.

Men

Ref.

Ref.

Women

2.538

(1.352, 4.762) 0.004

1.290

(0.565,
2.945)

Young

0.086

(0.047,0.160)

0.148

(0.066,
0.033)

Older

Ref.

p

Ref.
2.045

(0.937,4.465)

0.072*

Ref.

0.474

(0.274, 0.822)

Ref.

0.349

(0.162, 0.751)

0.008

0.007

Ref.

Sex
Obese
WHR
at risk

Age
<0.001

Ref.

Ref.
0.545

<0.001

5.660

(1.121, 16.679) 0.002

0.042

(0.015, 0.123)

Ref.

<0.001

ApoE alleles

at risk

E2

2.187

(0.856, 5.592) 0.102

1.432

(0.316,
6.492)

0.642

2.872

(0.861,9.575)

0.086

E3

2.862

(1.503, 5.450) 0.001

2.012

(0.718,
5.636)

0.184

3.617

(1.569, 8.340)

0.003

E4

Ref.

Ref.

Ref.

Odds Ratios (OR) are unadjusted. Ref: Reference category.
p: p-value for the binary logistic regression model.
p*: p-value for the multinomial logistic regression model.

[13]. Higher values for APOE4 presented in French-Canadians,
where contribution of the APOE2, E3, and E4 allele found to be
6.9%, 69.1%, and 24.0%, respectively [25]. It is remarkable that
frequency of the ApoE4 phenotype varies markedly around the
world, but Finland has one of the highest prevalences [26]. As a
result, Finnish men were 6.2% APOE2 carriers, 60.1% APOE3
carriers and 33.8% APOE4 carriers [27].
In our study population, the obesity and overweight rates
(according to BMI classification) were very high (66.9% men
and 55.3% women). Based on WHR, those at risk for abdominal
obesity were found to be 73.5% of men and 73.4% of women.
Based on WC, abdominal obese and at risk were 42.4% of men
and 44.9% of women. Those with an above-normal body fat level
included 61% of men and 61.2% of women. Age affected obesity
markers in all participants. In both fasters and controls, the mean
values of all the measured obesity indexes were significant lower
in younger compared to older participants (p<0.001).
Similarly, in a previous survey of 17,341 Greek men and women,
the overweight prevalence was 35.2% (41.0% in men, 29.8%

in women), the obesity prevalence was 22.3% (25.8% in men,
18.4% in women), and that for abdominal obesity 26.4% in
men and 35.9% in women [28]. Accordingly, the prevalence of
overweight and obesity in the present study was also similar to
WHO [29] estimates for the Greek population and a bit higher
than the results of the Eurostat 2014 report [30].
To our knowledge there has been no other study estimating the
association of genotypes and Greek Orthodox fasting in obesity.
BF is higher, while WC and WHR are lower in women compared
to men, independent of fasting status. However BMI values are
smaller in women compared to men only in the controls. BMI did
not differ significantly between the sexes in the fasting group;
thus BMI is significantly higher in fasting women compared to
non-fasting ones. This can be attributed to the fact that orthodox
women who follow the rules of their church in terms both of
living and eating, may have paid less attention to their physical
appearance or dieting outside of the religious dietary restrictions,
perhaps related to a preferential focus on spiritual concerns.
In the present study we found that the effect of ApoE alleles on

34

|

International Cardiovascular Forum Journal 15 (2018)
DOI: 10.17987/icfj.v15i0.568

Original Article

adiposity was associated with age. Between the three alleles
statistically significant differences in WHR were observed only
in the younger participants. Possibly Apo E4 played a protective
role against the increase of WHR, but age counterbalanced this
effect. When we analyzed our population according to mean
values we could not identify any effect of obesity markers in either
group, fasters or control. When we sub-divided the population
into normal or non-normal, ApoE4 showed a protective role
against the increase of WHR and age in younger male group.
This result warrants further investigation.

should always bear in mind that the environmental conditions
play an important essential role in the development of disease.
Thus, a healthy lifestyle, including both balanced nutrition and
physical activity, taking into account the culture, the religion
and the ethics of each population should be promoted through
intervention programs such as those described recently that have
suffered from sub-optimal implementation [39]. Government and
international policies, food and beverage industries, educational
institutions, local communities should work towards lifestyle
changes that reinforce well-being [9].

The protective effect of the ApoE allele on obesity status
is controversial. Thus, Zarkesh et al [13] did not find any
association between obesity related factors and Apo E
polymorphism while Zeljko et al [31] reported a strong
relation between the Apo E polymorphism and obesity
status suggesting that it plays an important role in obesity
development in a Roma population of Croatia.
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Apo E plays a key role in lipid metabolism, and thus encoding
this gene has been of great importance in order to find its effect
on obesity and cardiometabolic disorders [13]. Obesity might
contribute to heart failure through different effects such as
increased cardiac output and total blood volume, hypertrophy
and diastolic dysfunction of left ventricular, adipositas cordis [32]
and alterations in cardiac metabolism [33]. It can lead to diabetes
which subsequently adversely affects survival in established
heart failure syndromes [34]. However, BMI cut-off points might
be appropriate for defining overweight optimally in populations
like Asian Indians that have higher percentage of body fat
compared to whites [35].
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rapid quantitative diagnosis of metabolic disturbances such as
dysbetalipoproteinemia, Alzheimer disease and in population
screening for CHD risk factors [8]. MetS is also increased in a
dose-dependent manner when carrying APOE*4 alleles. So,
considering that health disturbances can be prevented and
reverted more effectively if detected early, the characterisation
of an individual’s APOE genotype may be helpful for identifying
at-risk overweight persons [37], and may help in determining who
may benefit from traditional health promoting practices such as
Yoga [38].
In conclusion, even if genetic risks factor influence the
susceptibility to obesity and cardiometabolic disorders, we
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