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ABSTRACT

KEY WORDS:

Background: APOE genotype strongly affects plasma lipid lev-
els and risk for cardiovascular disease and cognitive decline.
Studies of apo-e allelic and APOE genotype frequencies among
several populations have revealed interesting ethnic varia-
tions that might affect cardiovascular morbidity and cognition
deterioration.
Objectives: To evaluate apo-e allelic frequency among Israeli
newborns based on known variances in APOE allelic frequen-
cies in different countries.
Methods: We examined 498 consecutive neonates born at Tel
Aviv Sourasky Medical Center. Umbilical cord blood was sam-
pled for genotyping and lipids. Birth weights were recorded.
Demographics and parental risk factors for atherosclerosis
were obtained from the mothers.
Results: Most parents were native-born Israelis. Other coun-
tries of origin of grandparents were Morocco, Russia, and Irag.
The prevalence of APOE genotypes in Israel is APOE 2/2: 1.4%,
APOE 2/3: 8.2%, APOE 3/3: 77.7%, and APOE 4/4: 11.8%. There
were no associations of APOE genotype with parental country
of origin. However, there was a tendency for APOE 3/4 to be
more frequent in newborns of parents of Asian and African or-
igin. Genotype 3/3 was more frequent in newborns whose par-
ents came from Europe and America (78%) compared to those
from Asia or Africa (69%).
Conclusions: It is important to determine risk factors such
as APOE genotype for evaluation of premature atherosclero-
sis. Determining genetic and environmental risk factors may
facilitate earlier treatment and prevent heart and brain ath-
erosclerosis. APOE genotypes did not appear to affect total
cholesterol, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, or triglyceride levels in newborns.
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Human apolipoprotein E (APOE) is an arginine-enriched
glycoprotein found as a structural component in chylomi-
crons, very low-density lipoproteins (VLDL), intermediate-den-
sity lipoproteins (IDL), and high-density lipoproteins (HDL). It

plays a central role in lipoprotein metabolism including hepatic
clearance of chylomicrons and VLDL remnants by binding to
the LDL receptor in hepatic and extrahepatic tissues. It is also a
ligand for the putative LDL receptor-related proteins [1]. APOE
is a polymorphic gene with three common isoforms (E2, E3, and
E4). Phenotypes E4/4 and E4/3 have lower affinity to the LDL
receptor and to the LDLR-related protein and are associated
with higher levels of pro-atherogenic lipoprotein. Phenotypes
E3/2 and E2/2 have higher affinity to these receptors and are
thus associated with lower levels of pro-atherogenic lipoprotein.

The role of APOE in atherosclerosis development was first
demonstrated in animal models [2]. Further research found that
APOE has an atherogenesis modulating effect in humans [3-6].
The E4 allele (phenotypes E4/4 and E4/3) is associated with high-
er low-density lipoprotein cholesterol (LDL-c) and is considered
proatherogenic, whereas the E2 allele (E3/2, E2/2), is associ-
ated with lower LDL-c levels and seemed to have the opposite
effect (although it may be associated with increased plasma tri-
glycerides and lipoprotein remnants) [3]. APOE also modifies the
reverse cholesterol efflux from cholesterol loaded macrophages
and thus affects atherosclerosis plaque formation [7].

In almost all populations, the APOE 3/3 genotype is by far
the most common. Typically, 50% to 70% of the population has
the APOE 3/3 genotype, with the E3 allele making up 70-80%
of the APOE gene pool [8,9]. APOE 2 allele frequencies are
0-13%. APOE 4 is 12-18%. The APOE polymorphism has
been found to influence plasma lipid metabolism [2]. The rela-
tive frequency of the APOE 2 allele is increased in patients with
type 3 hyperlipoproteinemia [8]. However, the APOE 2 allele
has been associated with lower levels of plasma cholesterol and
LDL-c as well as higher levels of triglyceride-rich lipoproteins
compared to APOE 3 [3]. Conversely, APOE 4 is associated
with higher levels of total cholesterol and LDL-c [2,3,9]. Song
et al. [3] evaluated data from several studies that included Cau-
casian and Asian populations and found remarkably consistent
patterns. Individuals with the E2/2 genotype had the lowest
plasma cholesterol levels, while those with E4/4 genotype had
the highest. The allele E4 has been suggested as a risk-factor for
atherosclerosis [5-10], Alzheimer's, dementia, and Parkinson's
disease [10,11]. APOE4 has an allele frequency of about 37% in
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Caucasian Alzheimer's dementia patients [8,9,11]. When eval-
vated according to the specific genotype frequencies, APOE
3/4 individuals represent about 21% of the cognitively normal
Caucasian population vs. about 41% of Caucasian Alzheimer's
dementia patients (odds ratio [OR] 3.2) [11], whereas APOE
4/4 individuals have a genotype frequency of approximately 2%
in the cognitively normal Caucasian population vs. about 15%
in Alzheimer's dementia population. APOE 3/4 phenotype was
found to have a frequency that was twofold higher in patients
with Alzheimer's dementia compared to cognitively preserved
individuals, while APOE 4/4 phenotype was reported to be
7-fold more frequent in Alzheimer's dementia [8-11].

Studies of patients with coronary artery disease (CAD) and
those who have had myocardial infarctions yielded conflicting
information as to whether APOE 4 imposes an increased risk of
cardiovascular disease [6-8,12,13].

It was shown that APOE 4 is associated with CAD and tho-
racic and abdominal atherosclerosis. In contrast, APOE 2 cor-
relates with reduced risk [7-11]. Several studies have demon-
strated that APOE 4 is involved in higher intestinal absorption
of cholesterol and increased LDL-c production [5-7]. Weintraub
and colleagues [13] showed that lipoproteins containing APOE
2 are detected in the liver due to increased LDL receptors. In
contrast, individuals with APOE 4/3 genotype displayed accel-
erated plasma clearance of intestinally derived lipoproteins and
low levels of remnant lipoproteins in plasma [13].

The association of APOE 4 allele with increased levels of
plasma total cholesterol and LDL-c has been postulated to occur
secondary to a decrease in LDL receptor expression in the liver,
caused by accelerated delivery of dietary cholesterol to the liver
and down-regulation in the receptor [14-22].

In the current study, we determined the frequency of genetic
variations in APOE compared with populations in other coun-
tries and investigated the effects of APOE polymorphism on
quantitative variations in plasma lipids.

PATIENTS AND METHODS

In this cross-sectional study, we examined 498 Israeli neonates
born at the Tel Aviv Medical Center. The study was conducted
from September 1996 to February 1997.

The study was approved by the Tel Aviv Medical Center
Ethics Committee. All women gave written consent to donate
umbilical cord blood and agreed to complete a questionnaire
about demographic data, neonatal birth weight, parental family
history, and risk factors for atherosclerosis.

A preliminary sample of the population taken before the study
demonstrated that the study population reflected the Israeli pop-
ulation: 77.9% women were native Israelis, 7.0 % of the women
were born in Asia or Africa, and 15.1.% were born in Europe or the
United States. A total of 517 women were recruited to the study;
however, only 498 consented to undergo APOE genotyping.

LABORATORY METHODS

Lipid profile

Total serum cholesterol, triglyceride and HDL-cholesterol
(HDL-c) were determined by enzymatic methods using reagents
from Berringer-Manheim, Germany [18,20]. HDL-c was deter-
mined by Mg2/dextran sulfate precipitation method. LDL-c lev-
el was calculated using the Friedewald formula.

APOE typing

The APOE gene was amplified using primers and conditions
described by Wenhan and colleagues [18]. After amplification
[18,19], PCR product was digested with the restriction enzyme
H-hal and fragments were separated by electrophoresis on 5%
agarose gel. APOE alleles were visualized by staining with
ethidium bromide.

STATISTICAL ANALYSIS

Statistical analyses were performed using IBM Statistical Pack-
age for the Social Sciences statistics software, version 25 (SPSS,
IBM Corp, Armonk, NY, USA). Nominal data were described as
numbers and percentage and metric data as means and standard
deviations. Statistical tests were performed accordingly: Chi-
square test for qualitative variables and t-test or Mann-Whitney
non-parametric test as appropriate (after Shapiro-Wilk test for
normality distribution) for continuous parameters and one-way
ANOVA with Bonferroni correction were conducted. P-values <
0.05 were considered statistically significant.

RESULTS

Among 498 newborns, 281 were male and 217 were female. Of
the parents, 388 (77.9%) mothers and 372 (74.7%) fathers were
born in Israel. Approximately 7% of the mothers and 11% of
the fathers were born in Asia or Africa, and 15% of the mothers
and 14% of the fathers were of European or North American
extraction. There fewer parents from Asia and Africa compared
to other origins (P = 0.012). Grandparents were most frequently
from Russia (17%), Morocco (15%), and Iraq (14%).

Table 1 depicts variations in lipid profile of the newborns
according to APOE genotype. No difference was found in lipid
profiles or APOE genotypes by sex.

Table 2 shows differences in APOE genotypes of Israeli
newborns according to parental country of origin. The compar-
ison of APOE according to the country of origin of the parents
showed that 18.2% of couples were from different countries.
Most parents (64.2%) were native Israelis.

There were no associations between APOE genotype and pa-
rental country of origin. However, 3/4 phenotype was the most
frequent in the subgroup of newborns whose grandparents were
from Asia/Africa (21.7 % vs. 13.0%), and inversely in the sub-
group of newborns whose grandparents came from Asia/Africa
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3/4 phenotype was most frequent. The 3/3 genotype was found
more often in those of European and North American origin
(21.7 % vs. 13.0%).

It is likely that we did not identify a difference in APOE
according to country of origin because of the mixed origins of
Israelis in the generation studied.

Table 3 and Figure 1 present the distribution of APOE geno-
types in Israel and other countries. The Israeli APOE polymor-
phism differs statistically from some of the countries mentioned.
APOE 2/2 genotype was comparable in all five countries while
APOE 2/3 genotype was more prevalent in the United States.
APOE 3/3 genotype was more prevalent in Israel and comparable
to Japan. APOE 3/4 genotype prevalence was highest in Finland.
APOE 4/4 genotype was scarce in all countries, and APOE 2/4
genotype prevalence was exceedingly low in all five countries.

DISCUSSION

We discuss the importance of determining APOE genotype as a
potential risk factor to atherosclerosis.

The classic risk factors for CAD do not seem to entirely
explain cardiovascular morbidity and mortality. Therefore, ad-

ditional risk factors have been suggested. In this respect, the
composition of apolipoproteins have been a major focus of in-
terest in recent years [10-16,20-25]. It is thought [4-6, 21-25]
that determining APOE very early in life can predict future
atherosclerosis (e.g., CAD, stroke) much more accurately than
measurement of lipid profile, because newborns and toddlers
have very low total cholesterol, LDL-c, HDL-c, and triglyceride
levels. APOE modulates lipoprotein transport and metabolism.
Its polymorphism explains about 7% of cholesterol variation at
the population level [3,20-22]. There is an obvious relation-
ship between APOE and major coronary risk factors, including
family history, total cholesterol, and LDL-c level.

In this study, we investigated the distribution of APOE al-
leles and its genotypes in a group that we believe represents
the Israeli population, and compared this distribution to sub-
groups, according to parental country of origin. We found the
following distribution: 1.4% (APOE 2/2), 8.2% (APOE 2/3),
77.7% (APOE 3/3), 0.6% (APOE 4/4), 0.2% (APOE 2/4), and
11.8% (APOE 3/4).

In our study, the E4 allele (E3/4) was associated with
slightly higher LDL-c, total cholesterol levels [Table 2]. This
corresponds with several previous studies that found a higher

Table 1. Variations in lipid profiles according to APOE genotypes of the newborns

APOE genotype n E3/2 SD n E3/3 SD n E4/3 SD
Total cholesterol

Females 16 54.06 14.35 157 59.65 16.62 22 59.22 12.76
Males 25 54.88 14.86 22 55.95 16.11 35 53.25 13.56
LDL-cholesterol*

low-density 16 25.12 17.06 157 2717 12.33 22 25.95 8.78
lipoproteins 25 21.24 11.22 220 24.88 11.89 35 2414 10.77
HDL-cholesterol**

Females 16 2412 8.44 157 24.96 9.63 22 24.27 8.17
Males 25 25.00 10.00 220 22.99 10.70 35 20.82 8.24
VLDL-cholesterol***

Females 16 8.68 3.28 157 8.41 3.80 22 8.68 2.99
Males 25 11.48 16.33 220 9.71 2.69 35 8.42 2.39
Triglycerides

Females 16 44,06 17.03 157 41.26 17.64 22 42.81 14.05
Males 25 41.36 12.65 220 43.80 17.38 35 40.60 13.28

The genotypic groups E 2/2 (6), E 2/4 (1), E 4/4 (3) were omitted from analysis due to the low number of individuals

Total cholesterol: E3/2 vs. E3/3 females, P = 0.028

*LDL-cholesterol: E3/2 vs. E3/3 males, P=0.025
**HDL-cholesterol: E3/2 vs. E4/3 males, P = 0.04
***¥\/| DL-cholesterol: E3/2 vs. E3/3 males, P = 0.06

HDL = high-density lipoproteins, LDL = low-density lipoproteins, VLDL = very low-density lipoproteins, SD = standard deviation
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Table 2. Distribution of APOE genotypes according to parents’ country of origin

Country of origin | Total % 4L/4 % 3/4 % 3/3 % 2/4 % 2/3 % 2/2 %
Israel 320 64.2 0 0 42 13.1 246 76.8 1 0.3 26 8.12 5 1.6
Asia, Africa 23 4.6 0 0 5 21.7 16 69.6 0 0 2 8.69 0 0
Europe, America 46 9.2 1 2.1 b 13.0 36 78.2 0 0 3 6.52 0 0
Mixed 90 18.2 2 2.2 8 8.8 68 75.5 0 0 12 13.3 1 1.1
Unknown 17 3.4 0 0 2 11.8 13 76.5 0 0 2 1.7 0 0
Total 498 100 3 0.6 63 12.56 379 76.1 1 0.2 45 9.03 6 1.2
No statistical difference was found between Israel and any other country by APOE genotypes
Table 3. Distribution of APOE genotypes in several countries
Type of APOE 2/2 | P-value* | 2/3 | P-value | 3/3 | P-value | 3/4 | P-value | 4/4 | P-value 2/4 @ P-value
Israel 498 (%) 1.4 8.2 77.7 11.8 0.6 0.2
United States 152 (%) 1.3 0.5 22.0 <0.01 58.0 <0.01 14.0 0.5 3.0 0.02 2.0 0.04
Germany 1000 (%) 2.0 0.5 9.8 0.3 61.8 <0.01 20.6 <0.01 3.9 <0.01 2.0 <0.01
Finland 615 (%) 0.3 0.08 6.7 0.3 54.0 <0.01 31.9 <0.01 6.3 <0.01 1.5 0.03
Japan 279 (%) 0.3 0.4 7.1 0.01 74.6 0.06 165 | <0.01 1.1 0.4 0.7 0.3

*P-value for any APOE genotype percentage in Israel compared to each one of the other four countries

Figure 1. Distribution of APOE genotypes in several countries
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The APOE genotypes were partially related to total cho-
lesterol, LDL-c, HDL-c, or triglyceride levels in our study
total cholesterol E3/2 vs. E3/3 females (P = 0.028), LDL-c
E3/2 vs. E3/3 males (P = 0.025), HDL-c E3/2 vs. E4/3 males
(P=0.04), VLDL-c E3/2 vs. E3/3 males (P= 0.06). Lipid levels in
newborns and young children are exceedingly low before they start
to consume a standard diet around the age of 3 years [15,20,21].
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The Finnish [21] study did not find a relationship between
APOE and lipid profile. However, total cholesterol and LDL-c
were reported to correlate with APOE 3/4 genotype compared
to APOE 3/2 and 3/3. In that study, it was not clear whether
elevation of total-c and LDL-c and especially HDL-c were re-
lated to diet type (e.g., eggs, fats consumption) or to a genetic
predisposition in children of age 3 years [15,17,21].

More babies whose parents originated in Europe or the Unit-
ed States tended to have APOE 3/3 genotype. Significantly more
newborns with parents of Asian and African origin had APOE
3/4. When the study was conducted, the distribution of parents
of newborns according to country of origin reflected strong
demographic effects of a recent wave of immigration from the
former Soviet Union. Demographic studies did not show APOE
differences between Sephardi and Ashkenazi groups, which can
be explained by mixed marriages of immigrants from different
countries of origin in the two preceding generations.

CONCLUSIONS

The numbers of young individuals with CAD are increasing
slowly. It is, therefore, important to investigate risk factors
for premature CAD in addition to hypertension, diabetes, hy-
perlipidemia, smoking history, and family history. Determi-
nation of genetic, as well as environmental risk factors, may
facilitate earlier prevention and treatment of cardiac and ce-
rebral atherosclerosis. The APOE genotype has been a focus
of interest as an emerging such risk factor. We surveyed the
frequencies of APOE alleles and APOE genotypes in Israel in
reference to ethnicity, blood lipids, and birth weight. Israeli
APOE genotype distribution was comparable to that of Japan
but varied significantly from Finland. The genotype E 3/3
was less common in newborns whose parents originated in
Asia or Africa (69%) compared to Europe or United States
(78%). The APOE genotypes did not appear to affect total
cholesterol, LDL-c, HDL-c, or triglyceride levels in new-
borns. There was a tendency of lower birth weight to be asso-
ciated with APOE distribution.

Correspondence

Dr. G. Charach
Dept. of Internal Medicine B, Meir Medical Center, Kfar Saba 4428164, Israel
email: drcharach@012.net.il

References

1. Mahley RW, Innerarity TL, Rall SC Jr, Weisgraber KH. Plasma lipoproteins:
apolipoprotein structure and function. J Lipid Res 1984; 25 (12): 1277-94.

2. Meir KS, Leitersdorf E. Atherosclerosis in the apolipoprotein-E-deficient mouse: a
decade of progress. Arterioscler Thromb Vasc Biol 2004; 24 (6): 1006-14.

3. SongY, Stampfer MJ, Liu S. Meta-analysis: apolipoprotein E genotypes and risk for
coronary heart disease. Ann Intern Med 2004; 141 (2): 137-47.

12.

17.

18.

20.

21

22.

23.

24.

25.

Heeren J, Beisiegel U, Grewal T. Apolipoprotein E recycling: implications for
dyslipidemia and atherosclerosis. Arterioscler Thromb Vasc Biol 2006; 26 (3):
442-8.

Greenow K, Pearce NJ, Ramji DP. The key role of apolipoprotein E in atherosclerosis.
J Mol Med (Berl) 2005; 83 (5): 329-42.

Bahri R, Esteban E, Moral P, Hassine M, Ben Hamda K, Chaabani
H. Apolipoprotein gene polymorphisms and plasma levels in healthy Tunisians
and patients with coronary artery disease. Lipids Health Dis 2008; 7: 46.

Lin CY, Duan H, Mazzone T. Apolipoprotein E-dependent cholesterol efflux from
macrophages: kinetic study and divergent mechanisms for endogenous versus
exogenous apolipoprotein E. J Lipid Res 1999; 40 (9): 1618-27.

Utermann G. Apolipoprotein E polymorphism in health and disease. Am Heart
J1987: 113; 433-9.

Steinmetz A. Clinical implications of the apolipoprotein E polymorphism and

genetic variants: current methods for apo E phenotyping. Ann Biol Clin (Paris)
1991; 49 (1): 1-8.

. Emrani S, Arain HA, DeMarshall C, Nuriel T. APOE4 is associated with cognitive

and pathological heterogeneity in patients with Alzheimer's disease: a systematic
review. Alzheimers Res Ther 2020; 12 (1): 141.

. Pankratz N, Byder L, Halter C, et al. Presence of an APOE4 allele results in

significantly earlier onset of Parkinson's disease and a higher risk with dementia.
Mov Disord 2006; 21 (1): 45-9.

Wilson PW, Schaefer EJ, Larson MG, Ordovas JM. Apolipoprotein E alleles and
risk of coronary disease. A meta-analysis. Arterioscler Thromb Vasc Biol 1996;
16 (10): 1250-5.

. Weintraub MS, Eisenberg S, Breslow JL. Dietary fat clearance in normal subjects

is regulated by genetic variation in apolipoprotein E. J Clin Invest 1987; 80 (6):
1571-7.

. Walden CC, Hegele RA. Apolipoprotein E in hyperlipidemia. Ann Intern Med

1994; 120 (12): 1026-36.

. Willem J.S. de Villiers. The Apo E 2 (Ary 145 Cys) mutation causes autosomal

dominant type III hyperlipoproteinemia with incomplete penetrance. Arterioscler
Thromb Vasc Biol 1997; 17 (5): 865-71.

. Reiman EM, Caselli R], Yun LS, et al. Preclinical evidence of Alzheimer's disease

in persons homozygous for the epsilon 4 allele for apolipoprotein E. N Engl ] Med
1996; 334 (12): 752-8.

Hofman A, Ott A, Breteler MM, et al. Atherosclerosis, apolipoprotein
E, and prevalence of dementia and Alzheimer's disease in the Rotterdam Study.
Lancet 1997; 349 (9046): 151-4.

Wenham PR, Price WH, Blandell G. Apolipoprotein E genotyping by one-stage
PCR. Lancet 1991; 337 (8750): 1158-9.

. Erlich HA, Arnheim N. Genetic analysis using the polymerase chain reaction.

Annu Rev Genet 1992; 26: 479-506.

Hallman DM, Boerwinkle E, Saha N, Sandholzer C, Menzel HJ, Csazir
A, Utermann G. The apolipoprotein E polymorphism: a comparison of allele
frequencies and effects in nine populations. Am ] Hum Genet 1991; 49 (2): 338-49.

Lehtimaki T, Porkka K, Viikari J, Ehnholm C, Akerblom HK, Nikkari
T. Apolipoprotein E phenotypes and serum lipids in newborns and 3-year-old
children: the Cardiovascular Risk in Young Finns Study. Pediatrics 1994; 94 (4
Pt 1): 489-93.

Breslow J. Genetics of the human apolipoproteins. In: Scunu AM, Spector
AA (eds) Biochemistry and Biology of Plasma Lipoproteins. New York: Marcel
Dekker, 1986: 85.

Menzel HJ, Kladetzky RG, Assmann G. Apolipoprotein E polymorphism
and coronary artery disease. Arteriosclerosis 1983; 3 (4): 310-5.

Ehnholm C, Lukka M, Kuusi T, Nikkild E, Utermann G. Apolipoprotein
E polymorphism in the Finnish population: gene frequencies and relation
to lipoprotein concentrations. J Lipid Res 1986; 27 (3): 227-35.

Kobayashi S, Tateno M, Park TW, et al. Apolipoprotein E4 frequencies in
a Japanese population with Alzheimer's disease and dementia with Lewy bodies.
PLoS One 2011; 6 (4): €18569.

That is happiness; to be dissolved into something complete and great.

Willa Cather (1873

-194

American novelist
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