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Abstract

Apolipoprotein E (ApoE) is one of the most extensively studied genes

in the context of aging, but there are few population-based studies on

ApoE polymorphism in the elderly in developing countries. The

objective of the present study was to assess ApoE allele and genotype

distribution in a large elderly community-based sample and its asso-

ciation with age, sex and skin color. Participants included 1408

subjects (80.8% of all residents aged ≥60 years) residing in Bambuí

city, MG, Brazil. The DNA samples were subjected to the polymerase

chain reaction amplification, followed by the restriction fragment

length polymorphism technique, with digestion by HhaI. Analysis

was carried out taking into consideration the six ApoE genotypes (ε3/

ε3, ε3/ε4, ε2/ε3, ε4/ε4, ε2/ε4, and ε2/ε2), the three ApoE alleles, and

the number of ApoE4 alleles for each individual. The ε3 allele pre-

dominated (80.0%), followed by ε4 (13.5%) and ε2 (6.5%). All six

possible genotypes were observed, the ε3/ε3 genotype being the most

frequent (63.4%). This distribution was similar to that described in

other western populations. Sex was not associated with number of

ApoE4 alleles. Black skin color was significantly and independently

associated with the presence of two ApoE4 alleles (age-sex adjusted

OR = 7.38; 95%CI = 1.93-28.25), showing that the African-Brazilian

elderly have a high prevalence of the ε4 allele, as observed in blacks

from Africa. No association between number of ApoE4 alleles and age

was found, suggesting the absence of association of ApoE genotype

with mortality in this population.
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Introduction

The search for genes and mutations po-

tentially linked to diseases and aging itself

has revealed many candidates. One of the

genes most extensively studied in the con-

text of aging has been the apolipoprotein E

gene (ApoE), located on chromosome 19,

which encodes for a protein that participates

in the regulation of lipid metabolism (1-3).

The ApoE gene is polymorphic, containing

single-nucleotide polymorphisms, which are

mutations leading to changes in a single nucleo-

tide base in the DNA sequence of the gene,
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eventually causing changes in the amino acid

sequence of the protein. Studies have shown

that there are three common ApoE alleles in

populations throughout the world, known as

ε2, ε3, and ε4, giving rise to 6 genotypes (ε2/

ε2, ε2/ε3, ε2/ε4, ε3/ε3, ε3/ε4, and ε4/ε4).

Allelic frequencies vary widely, with ε3 being

the most common (wild type), while ε4 is

more frequent in certain populations from

Africa (4-6), northern Europe (5,7), Oceania

(7), and in native Americans (8,9).

ApoE has multiple other roles in addition

to its role in lipid metabolism (10) and the

presence of the ε4 allele has been consis-

tently linked to the development of Alzhei-

mer’s disease (11). This allele has also been

associated with coronary heart disease (12,

13) and cerebrovascular disease (14,15) in

some studies but not in others (16,17). In

addition, ApoE has been studied in the con-

text of mortality, but the results of these

studies are controversial (18-24).

Community-based studies on ApoE poly-

morphism conducted in well-defined Brazil-

ian populations are scarce (25), and all of

them were small, involving populations of

less than 500 subjects (8,9,25-30). The pres-

ent study describes ApoE allele and geno-

type distribution in an elderly community-

based sample of 1408 subjects, and its asso-

ciation with age, gender and skin color.

Material and Methods

Study area

The city of Bambuí (approximately

15,000 inhabitants) is situated in the South-

western region of the State of Minas Gerais.

Cerebrovascular diseases constitute the main

cause of death in the population aged ≥60

years, followed by Chagas’ disease and is-

chemic heart diseases. The Bambuí Health

and Ageing Study (BHAS) is a population-

based cohort study of older adults which is

being conducted in Bambuí since 1997. In

this report, we analyze data collected at the

baseline of this study.

The Bambuí cohort study was approved

by the Ethics Committee of the Oswaldo

Cruz Foundation in Rio de Janeiro in 1996,

and the present project was approved by the

Ethics Committee of the Oswaldo Cruz Foun-

dation in Belo Horizonte in 2006. All par-

ticipants gave informed written consent.

Study population

From November to December 1996, a

census was conducted in Bambuí to identify

participants for the baseline study. Every

person aged 60 years or older (N = 1742)

was invited to take part in the study. Of

these, 1606 (92%) were interviewed for risk

factors, and 1496 (85.9%) had blood samples

drawn for genomic DNA extraction. The

latter subjects comprise the sample for the

present study. Additional details have been

reported elsewhere (31).

DNA extraction, PCR amplification and RFLP

genotyping

Genomic DNA was extracted from the

blood samples using the Wizard genomic DNA

extraction kit (Promega, Madison, WI, USA).

Samples were stored at -70ºC until further use.

ApoE genotyping was carried out as described

by Hixson and Vernier (32), with slight modi-

fications. The DNA samples were subjected to

the polymerase chain reaction amplification,

using the following primers: forward 5' TAA

GCT TGG CAC GGC TGT CCA AGG A 3'

and reverse 5' ACA GAA TTC GCC CCG

GCC TGG TAC AC 3'. Polymerase chain

reaction conditions were denaturation at 95ºC

for 5 min, followed by 35 cycles of 95ºC for 1

min, 60ºC for 1 min, and 70ºC for 2 min, and

a final extension at 72ºC for 10 min. The

amplified DNA was subjected to the restric-

tion fragment length polymorphism technique,

with digestion by HhaI, generating the follow-

ing patterns: ε2ε2, 83 and 91 bp; ε3ε3, 91, 48,

and 35 bp, and ε4ε4, 72, 48, 35, and 19 bp.
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These fragments were visualized on 4% aga-

rose gels, instead of polyacrylamide gels as

described in the original article.

Variables

In the present study, the dependent vari-

able was the single-nucleotide polymorphism

of the ApoE gene. Analysis was carried out

taking into consideration the three ApoE

alleles, the six ApoE genotypes (ε3/ε3, ε3/

ε4, ε2/ε3, ε4/ε4, ε2/ε4, and ε2/ε2) and the

number of ApoE4 alleles for each individual

(0, 1 or 2 alleles).

Independent variables included age (60-

69, 70-79, and ≥80 years), sex and skin

color. Interviewers classified the subjects

based on photographs representative of indi-

viduals with different skin colors (white,

light brown, dark brown, and black).

Statistical analysis

Statistical analysis was based on Pearson's

chi-square test and on multinomial regres-

sion (33). Allele frequencies were estimated

by gene counting. Hardy-Weinberg equilib-

rium expectations were tested by using a

chi-square goodness-of-fit test. The statisti-

cal analysis was performed using the Stata

version 7.0 software (Stata Corporation,

College Station, TX, USA).

Results

Of the 1606 BHAS cohort members, 1408

(557 males and 851 females) could be geno-

typed and participated in this study, their

mean age being 69.3 years (SD = 7.2). The

participants in this study were similar to

non-participants regarding age (P = 0.999),

sex (P = 0.365), and skin color (P = 0.063).

The ApoE allele and genotype distribution

in the study population is shown in Figure 1.

The most frequent allele was ε3 (80.0%),

followed by ε4 (13.5%), and ε2 (6.5%). The

distribution of ApoE alleles was within Hardy-

Weinberg equilibrium (P > 0.05). All six pos-

sible genotypes were observed: the ε3/ε3 geno-

type predominated (63.4%), followed by ε3/

ε4 (21.9%), ε2/ε3 (11.4%), ε4/ε4 (1.8%), ε2/

ε4 (1.4%), and ε2/ε2 (0.1%).

There was no statistically significant dif-

ference (P = 0.311) in allele or genotype

distribution among the various age groups

(Table 1). The ε3 allele (79.4, 81.4, and

79.3%) and the ε3/ε3 genotype predomi-

nated in all age groups (61.8, 66.6, and

Figure 1. ApoE allele (A) and

genotype (B) distribution among

1408 elderly participants at

baseline of the Bambu  Health

and Aging Study (Brazil).

Table 1. Apolipoprotein E (ApoE) allele and genotype distributions among 1408 elderly

participants at baseline of the Bambu  Health and Aging Study by age group (Brazil).

ApoE Age group

60-69 years 70-79 years ≥80 years

Allele

ε2 110 (6.6%) 58 (6.7%) 15 (5.5%)

ε3 1328 (79.4%) 707 (81.4%) 219 (79.3%)

ε4 234 (14.0%) 103 (11.9%) 42 (15.2%)

Genotype

ε2/ε2 0 (0.0%) 1 (0.2%) 0 (0.0%)

ε2/ε3 102 (12.2%) 47 (10.8%) 12 (8.7%)

ε3/ε3 517 (61.8%) 289 (66.6%) 86 (62.3%)

ε2/ε4 8 (1.0%) 9 (2.1%) 3 (2.2%)

ε3/ε4 192 (23.0%) 82 (18.9%) 35 (25.4%)

ε4/ε4 17 (2.0%) 6 (1.4%) 2 (1.4%)

Data are reported as number with percent in parentheses. ApoE: P = 0.481, genotype:

P = 0.311 (Pearson's chi-square test).
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62.3% among subjects aged 60-69, 70-79

and ≥80 years, respectively).

The distribution of the number of ApoE4

alleles according to demographic character-

istic is shown in Table 2. A significant asso-

ciation between number of ε4 alleles and

skin color was found (P = 0.023), but no

associations with age (P = 0.437) or sex (P =

0.394) were observed. The prevalence of

two ε4 alleles among black and dark brown

subjects was 9.1 and 4.1%, respectively,

while among light brown and white subjects

the prevalence was less than 2%. The asso-

ciation between black skin color and two ε4

alleles was strong and independent of sex

and age (OR = 7.38; 95%CI = 1.93-28.25).

Discussion

The results of the present study show that

ε3/ε3 was the most frequent genotype and ε3

was the most frequent allele in the study

population. These results are in agreement

with previous observations that ε3 is the

most common allele worldwide (5,7).

Regarding the ε4 and ε2 alleles, some

Table 2. Association of the number of ApoE4 alleles among 1408 elderly participants at baseline of the

Bambu  Health and Aging Study with selected demographic characteristics (Brazil).

Variables Number of ApoE4 alleles

None One Two One Two

N (%) N (%) N (%) OR (95%CI)* OR (95%CI)*

Age group (years)

60-69 years 619 (74.1%) 200 (23.9%) 17 (2.0%) 1.00 1.00

70-79 years 337 (77.6%) 91 (21.0%) 6 (1.4%) 0.83 (0.62-1.10) 0.69 (0.27-1.79)

≥80 years 98 (71.0%) 38 (27.5%) 2 (1.5%) 1.17 (0.78-1.76) 0.73 (0.16-3.24)

Gender

Female 643 (75.6%) 196 (23.0%) 12 (1.4%) 1.00 1.00

Male 411 (73.8%) 133 (23.9%) 13 (2.3%) 1.05 (0.82-1.36) 1.65 (0.74-3.67)

Skin color

White 630 (74.2%) 207 (24.4%) 12 (1.4%) 1.00 1.00

Light brown** 368 (77.1%) 101 (21.2%) 8 (1.7%) 0.84 (0.64-1.10) 1.11 (0.45-2.76)

Dark brown** 35 (71.4%) 12 (24.5%) 2 (4.1%) 1.04 (0.53-2.04) 2.87 (0.61-13.35)

Black 21 (63.6%) 9 (27.3%) 3 (9.1%) 1.30 (0.59-2.89) 7.38 (1.93-28.25)

ApoE = apolipoprotein E; OR = odds ratio; 95%CI = confidence interval at 95%. Age group: P = 0.437, sex: P

= 0.394, skin color: P = 0.023 (Pearson chi-square test).

*Adjusted by multinomial logistic regression for the variables listed in the table (absence of ε4 allele was the

reference group). **Light brown: “moreno”; dark brown: “mulatto”.

differences in distribution have been reported.

In Europe, studies have described a north to

south cline in the ε4 allele, with a higher

frequency in the northern region and a lower

frequency in the southern region (7,34,35).

The highest frequencies of ε4 have been de-

scribed in Nigerians (4), Sub-Saharan Afri-

cans (5), South Africans (6), Inuit from

Greenland (7), Finns (7), and native Ameri-

cans (up to 47% in Brazilian natives) (8). ε2 is

the least frequent allele, being completely ab-

sent from certain populations, in particular

from several Native American tribes (8,9,26).

In the present study, the prevalence of the ε4

and ε2 alleles was 13.5 and 6.5%, respectively.

In Brazil, studies carried out in children

have found similar allele distributions. In Re-

cife city (northeastern Brazil), allele distribu-

tion among 414 children ascertained at a pedi-

atric hospital was as follows: ε3, 77%; ε4,

17%, and ε2, 6% (27). In Fortaleza city, also in

northeastern Brazil, the corresponding find-

ings among 72 shantytown children were 77.1,

14.6, and 8.3%, respectively (28). Previous

studies of ApoE polymorphism in small

samples of native Brazilian and South Ameri-
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can populations (8,9,26,29) found a highly

heterogeneous distribution of alleles with a

predominance of ε3 (frequency range: 51-

98%), followed by ε4 (0-47%) and ε2 (0-4%).

Regarding older subjects, two Brazilian

studies were carried out in the State of Rio

Grande do Sul, in the south of Brazil (25,30).

One involved a random sample of 64 sub-

jects aged 80 years and older from a popula-

tion of Italian descent residing in the city of

Veranópolis. ApoE allelic frequencies were

ε3, 84%; ε4, 11%, and ε2, 5%, and only four

genotypes were observed: ε3/ε3 (70%), ε3/

ε4 (22%), ε3/ε2 (6%), and ε2/ε2 (2%) (25).

The other study involved 252 Caucasian

volunteers ≥50 years of age residing in the

city of Gravataí. ApoE allelic frequencies for

this population were ε3, 76.7%; ε4, 16.2%,

and ε2, 7.1%, with five genotypes (ε2 ho-

mozygotes were absent), ε3/ε3 being the

most frequent (61.3%), followed by ε3/ε4

(24.3%) (30).

The allelic frequencies found in the pres-

ent study are similar to the distributions found

among older adults from south Brazil (25,30),

even though the population from Bambuí is

miscigenated and somewhat different from

the populations in these studies which have a

more strict European ascendance.

Reports that have included blacks from

Africa (4-6) have suggested that there may

be a higher frequency of the ε4 allele in

blacks but, to the best of our knowledge,

there are no population-based studies of ApoE

polymorphisms in African-Brazilians. In our

study, we found a gradient in the prevalence

of ε4 homozygotes when genotypes were

compared by skin color, with the highest

prevalence among black-skinned individu-

als and the lowest among white-skinned sub-

jects. Black-skinned individuals from this

sample were significantly more likely to be

ε4 homozygotes compared to white-skinned

individuals. Among the dark-brown-skinned

individuals the prevalence of ε4 homozy-

gotes was twice as high as among white-

skinned subjects, but this difference was not

statistically significant. Those results could

be the consequence of the greater ε4 preva-

lence mentioned above among African sub-

jects, groups of which were brought to Bra-

zil by the Portuguese during the 15th to 18th

centuries as slaves, and which now form an

important part of the Brazilian gene pool (8).

Several studies have investigated the as-

sociation between ε4 allele and age. If an

association of ε4 and mortality existed, one

would expect to find a lower prevalence of

this allele among the very old. Previously

published results have been controversial,

with some investigators reporting lower fre-

quencies of ε4 among the very old (19-21), a

finding which was not replicated by others

(22-24). In the present study, we did not

identify an association between ε4 allele

prevalences and age.

This paper presents the largest population-

based study on ApoE distribution carried out

in Brazil, involving 1408 individuals who rep-

resent a well-defined target population. The

results of the present study showed a distribu-

tion of ApoE alleles and genotypes similar to

those observed in other western populations.

The distribution of ApoE alleles was influ-

enced by skin color, showing that the African-

Brazilian elderly in the study population have

a high prevalence of the ε4 allele, as observed

in blacks from Africa (4-6). The distribution of

ApoE4 alleles was not influenced by age, sug-

gesting the absence of association with mor-

tality in the study population.
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Apolipoprotein E (ApoE) polymorphism influences lipid metabolism, but its association with arterial hypertension is controver-

sial. The objective of this study was to examine the association between ApoE polymorphism and prevalent hypertension in a

large unselected population of older adults. Participants from the baseline of the Bambuí Health Aging Study whose ApoE genes

had been genotyped were selected for this study (N = 1406, aged 60-95 years). These subjects represented 80.7% of the total

elderly residents in Bambuí city, MG, Brazil. Hypertension was defined as a systolic blood pressure 140 mmHg and/or a

diastolic blood pressure 90 mmHg, or the use of anti-hypertensive medication. The exposure variable was the ApoE genotype

as follows: 3 carriers, 3 3; 2 carriers, 2 2 or 2 3, and 4 carriers, 3 4 or 4 4. Potential confounding variables were age,

gender, traditional cardiovascular risk factors, uric acid, and creatinine levels. The prevalence of hypertension was 61.3%.

Compared with the 3 homozygotes, neither the 2 nor the 4 carrier status was associated with hypertension (adjusted

prevalence ratios = 0.94, 95%CI = 0.83-1.07 and 0.98, 0.89-1.07, respectively). On the other hand, the 2 allele carriers had lower

LDL cholesterol levels (P < 0.001) and the 4 carriers had higher LDL cholesterol levels (P = 0.036). This study provides

epidemiologic evidence that the ApoE genotype is not associated with prevalent hypertension in old age.
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Introduction

There has been an increasing interest in apolipopro-

tein E (ApoE) polymorphisms as predictors of hyperten-

sion. ApoE plays a fundamental role in lipid metabolism,

participating in the clearance of chylomicron remmants

and very low-density lipoproteins (VLDL) by serving as a

ligand for low-density lipoprotein (LDL) receptors (1). It is

also an important determinant of intestinal cholesterol

absorption (2) and plasma lipid levels (3). The ApoE gene

is located on chromosome 19 (4,5) with three common

alleles, termed 2, 3 and 4. The 4 allele has consistently

been linked to increases in LDL cholesterol levels (6,7).

The 2 allele has been reported to be linked with higher

triglyceride levels in some (6,8), but not all studies (7).

Although ApoE genotype is involved in lipid metabo-

lism, its association with arterial hypertension is controver-

sial. Nevertheless, only two previous studies (9,10) in-

volved populations of more than 1000 subjects, few stud-

ies have been carried out in representative community-
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based samples, and few studies have considered tradi-

tional risk factors as potential confounders for the associa-

tion between ApoE and hypertension or blood pressure

level (9-21). Aditionally, few studies focused on the influ-

ence of ApoE genotype on hypertension in older individu-

als (9,12-14).

The primary objective of this study was to investigate

the effect of the ApoE polymorphisms on the prevalence of

hypertension in a population of 1406 community-dwelling

older adults, considering several potential confounding

factors in the analysis. A secondary objective was to

examine the association between ApoE polymorphism

and systolic blood pressure, diastolic blood pressure, high-

density lipoprotein (HDL) cholesterol, LDL cholesterol and

triglyceride levels.

Material and Methods

The Bambuí Health Ageing Study (BHAS)

The BHAS is a population-based cohort of older adults,

which has been carried out in Bambuí city (~15,000 inhab-

itants), which is situated in Minas Gerais State, Southeast-

ern Brazil. The cohort baseline was established in 1997.

From November to December 1996, a complete census

was carried out by the research team for identification of

participants. Of the 1742 inhabitants aged 60 years or

older by January 1, 1997, 1606 (92.0%) participated. The

mean age of the cohort participants was 69.3 years (range:

60-95 years), and 60.0% were women. White skin color

was predominant (60.4%), followed by light brown

(“moreno”, 33.3%), dark brown (“mulato”, 3.6%), and black

(2.7%) (22). The prevalence of hypertension (61.5%) was

close to that described for the North American elderly

(~60%) (23), as well as the prevalence of some traditional

risk factors (24). A detailed description of the study design

and methods has been published elsewhere (25).

Study participants

All of the 1406 cohort members who had their blood

pressure (BP) measured at baseline and whose ApoE was

genotyped were selected for the present study. The partici-

pants in this study were similar to non-participants in

relation to age (P = 0.999) and gender (P = 0.365).

Measurements

Three measurements of systolic (SBP) and diastolic

(DBP) were taken on the right arm with an appropriately

sized cuff using a mercury sphygmomanometer. BP meas-

urements were taken early in the morning, after a 5-min

initial rest and subsequently at 2-min intervals between

each measurement, and after 30 or more min of the last

caffeine intake or cigarette smoked. BP was considered as

the arithmetic mean of the second and third measure-

ments. According to the Seventh Joint National Committee

criteria (26), hypertension was defined as SBP 140 mmHg

and/or DBP 90 mmHg or the use of anti-hypertensive

medication. Current use of anti-hypertensive medication

was ascertained by reviewing medication containers or

prescription, and coding the medication as previously de-

scribed (27).

Genomic DNA for ApoE genotyping was extracted

from blood samples using the Wizard® Genomic DNA

Purification System (Promega, Madison, WI, USA). DNA

samples were then amplified by polymerase chain reaction

(PCR), followed by digestion with HhaI, and restriction

fragment length polymorphism analysis, as previously de-

scribed (28). The DNA samples were subjected to PCR

with the following primers: forward 5' TAA GCT TGG CAC

GGC TGT CCA AGG A 3' and reverse 5' ACA GAA TTC

GCC CCG GCC TGG TAC AC 3'. The PCR conditions

were denaturation at 95°C for 5 min, followed by 35 cycles

of 95°C for 1 min, 60°C for 1 min, and 70°C for 2 min, and

a final extension at 72°C for 10 min. Restriction fragment

length polymorphism analysis yielded the following pat-

terns: 2 2, 91 and 83 bp; 3 3, 91, 48 and 35 bp; 4 4, 72,

48 and 35 bp. Each of the heterozygote genotypes con-

tained both sets of fragments from each ApoE allele.

Other variables considered included baseline age, gen-

der, smoking, alcohol consumption, physical activity, fam-

ily history of cardiovascular diseases, diabetes, traditional

risk factors for cardiovascular diseases such as SBP,

DBP, body mass index (BMI), and levels of LDL choles-

terol, HDL cholesterol, triglycerides, creatinine (29), and

uric acid (30). Current smokers were defined as those who

had smoked at least 100 cigarettes during their lifetime and

were still smoking. For alcohol consumption estimates, the

subjects were shown cards with a representation of the

amount of liquid corresponding to one drink for liquor, beer

or wine. The alcohol consumption was calculated by mul-

tiplying the number of drinks by the frequency of imbibing

in a week during the previous 12 months. Physical activity

was defined as any exercise for 20-30 min at least three

times a week, during leisure time in the previous 90 days.

Diabetes was defined by a fasting blood glucose level

126 mg/dL and/or current use of insulin or oral antidia-

betic drug treatment, as defined by the 2003 American

Diabetes Association updated criteria (31). BMI (weight/

height2) was calculated from height and weight measure-

ments. Levels of LDL cholesterol, HDL cholesterol, triglyc-

erides, creatinine, and uric acid were determined after a

12-h recommended overnight fast, using commercial kits

(Boehringer Mannhein, Germany) and an automated ana-
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lyzer (Eclipse Vitalab, Merck, Netherlands), as described

elsewhere (25).

All of the observers of the BHAS were trained and

certified before each examination. The BHAS was ap-

proved by the Ethics Committee of the Oswaldo Cruz

Foundation in Rio de Janeiro, RJ, Brazil, in 1996, and the

present investigation was approved by the Ethics Commit-

tee of the Oswaldo Cruz Foundation in Belo Horizonte,

MG, Brazil, in 2006. All participants gave full informed

written consent.

Statistical analysis

The statistical analysis was performed by using the

Stata version 9.1 software (Stata Corporation, College

Station, TX, USA). Allele frequencies were estimated by

gene counting. Hardy-Weinberg equilibrium expectations

were tested by using a chi-square ( 2) goodness-of-fit test.

Non-adjusted analysis of the association between ApoE

genotypes and alleles with prevalent hypertension was

based on Person’s chi-square test. Age-gender adjusted

means and standard errors of the mean by ApoE genotype

were calculated for baseline SBP, DBP, LDL cholesterol,

HDL cholesterol, and triglyceride levels. Multiple linear

regression was used to assess the association between

ApoE genotype and the above mentioned parameters,

after adjustments for age and gender. Poisson regression

models (32) were used to estimate the prevalence ratio for

hypertension. The models included age and gender in

model 1, and age, gender, smoking, alcohol consumption,

physical activity, family history, diabetes, LDL cholesterol,

HDL cholesterol, uric acid, creatinine, and BMI in model 2.

In the adjusted analysis, ApoE genotypes were classified

into three groups: 3 carriers ( 3 3), 2 carriers ( 2 2,

2 3) and 4 carriers ( 4 4, 3 4). In each model, the

homozygous 3 3 genotype was the reference group.

Twenty subjects (1.4%) with the 2 4 genotype were ex-

cluded from the analysis because of the opposite effects of

these two alleles on LDL cholesterol levels. Since no effect

Table 1.Table 1.Table 1.Table 1.Table 1. Selected baseline characteristics of the 1406 partici-

pants from the Bambuí Health and Aging Study (BHAS).

Characteristics Percentage or mean

(standard deviation)

Age (years) 69.1 (7.1)

Female gender 60.5%

Current smokers 18.1%

Alcohol consumption in the previous 12 2.8%

months (>14 doses a week)

Exercises lasting 20-30 min three times 12.5%

a week or more during the previous 3 months

Family history of cardiovascular diseases 45.9%

Diabetes mellitus 14.1%

Systolic blood pressure (mmHg) 137.2 (22.6)

Diastolic blood pressure (mmHg) 83.6 (12.7)

Body mass index (kg/m2) 25.0 (4.9)

LDL cholesterol (mg/dL) 155.0 (45.4)

HDL cholesterol (mg/dL) 49.1 (15.1)

Triglycerides (mg/dL) 151.1 (100.3)

Creatinine (mg/dL) 0.90 (0.30)

Uric acid (mg/dL) 5.3 (1.7)

Table 2.Table 2.Table 2.Table 2.Table 2. Age-sex adjusted analysis of the association between selected baseline characteristics of the Bambuí Health and Aging

Study (BHAS) population and ApoE genotype.

ApoE genotype N Characteristics

Systolic blood Diastolic blood LDL cholesterol HDL cholesterol Triglycerides

pressure (mmHg) pressure (mmHg) (mg/dL) (mg/dL) (mg/dL)

3 3 891 137.25 (0.75) 83.59 (0.42) 155.85 (1.50) 48.99 (0.49) 147.63 (3.34)

2 2, 2 3 162 136.80 (1.76) 83.88 (0.99) 140.46 (3.56)* 50.95 (1.16) 167.11 (7.84)***

3 4, 4 4 333 137.16 (1.23) 83.53 (0.69) 161.91 (2.47)** 48.20 (0.81) 153.63 (5.47)

Data are reported as means (standard error of the mean) adjusted for age and gender.

*P < 0.001; **P = 0.036; ***P = 0.022 compared to 3 3 (multiple linear regression).

modification by gender was noted, all analyses were for

both sexes. Statistical significance in the models was

assessed using Wald 2 statistics.

Results

The prevalence of hypertension was 61.3% for the

1406 participants in the BHAS baseline. As found in most

western populations, the 3 3 genotype was the most

common (63.4%), followed by 3 4 (21.9%), 2 3 (11.5%),

4 4 (1.8%), 2 4 (1.4%), and 2 2 (0.1%). Allele frequen-

cies were within the Hardy-Weinberg equilibrium expecta-

tions (P > 0.05). Additional baseline characteristics of the

study participants are shown in Table 1.

Selected baseline characteristics of the BHAS popula-

tion by ApoE genotypes, adjusted for age and gender are

shown in Table 2. The mean LDL cholesterol was signifi-



92

Braz J Med Biol Res 41(2) 2008

A.K. Fuzikawa et al.

www.bjournal.com.br

cantly greater among the 4 carriers (P = 0.036) and lower

among the 2 carriers (P < 0.001), in comparison to the

homozygous 3 3 carriers. The mean triglyceride level

was significantly greater among those with the 2 allele (P

= 0.022). No significant associations were found between

ApoE genotype and SBP, DBP and HDL cholesterol lev-

els.

The ApoE genotype and allele frequencies for the

prevalence of hypertension are shown in Table 3. Both the

ApoE genotype and the allele frequencies showed similar

distributions among prevalent hypertension cases and

non-cases.

The results of the adjusted analysis for the association

between ApoE genotype and hypertension are shown in

Table 4. Hypertension was not associated with the pres-

ence of either 2 or 4 alleles in the model adjusted by age

and gender or in the model adjusted for several confound-

ers.

Discussion

In this study, prevalent hypertension was not associ-

ated with ApoE polymorphisms in a large sample of Brazil-

ian older adults. This lack of association was observed in

the age-gender adjusted analysis and in the analysis ad-

justed for factors a priori believed to be potential confound-

ers for the association between ApoE genotype and hyper-

tension. Secondary analysis indicated that such associa-

tions were absent for both males and females (data not

shown).

An association was observed between greater LDL

cholesterol levels and the presence of the 4 allele, as well

as between lower LDL cholesterol levels and the presence

of the 2 allele. This observation is in agreement with other

studies reporting a consistent relationship between the 4

allele and greater levels of LDL cholesterol (6,7), as well as

between the 2 allele and lower LDL cholesterol levels (6).

Higher triglyceride levels were found in 2 carriers. This

association was reported in some (6,8), but not all previous

investigations (7). The association of the ApoE alleles with

plasma lipid levels is a direct consequence of the role of

ApoE protein in lipid metabolism. ApoE2 is metabolically

impaired when compared to ApoE3 and ApoE4, due to its

reduced interaction with cellular receptors, resulting in

delayed clearance and accumulation of chylomicrons and

VLDL remnants in the plasma. ApoE-mediated LDL con-

version from VLDL remnants is also reduced. The net

effect is an up-regulation of LDL receptors, higher plasma

concentrations of triglyceride- and cholesterol-containing

remnant particles, and lower plasma levels of cholesterol-

rich LDL particles (1). ApoE4 alleles have an opposite net

effect compared to those of ApoE2 (1,3).

There have been several studies of the association

between the ApoE genotypes and prevalent hypertension,

with inconsistent findings. Results from small prevalent

case control studies have consistently described a positive

relationship between the presence of the 4 allele and

hypertension or with greater BP levels (15-19). The results

from cross-sectional studies have been more inconsistent.

Four investigations carried out in an mixed population of

younger and older adults reported i) lack of association

between the ApoE genotype and hypertension in the USA

(10) and in Tunisia (11), ii) a positive association between

the 2 allele and prevalent hypertension among male, but

Table 4.Table 4.Table 4.Table 4.Table 4. Poisson regression models and prevalence ratio for

hypertension in the Bambuí Health and Aging Study (BHAS)

population, by ApoE genotype.

ApoE genotype N Hypertension Model 1 Model 2

prevalence (%) PR (95%CI) PR (95%CI)

3 3 891 556 (62.4%) 1.0 1.0

2 2, 2 3 162 96 (59.3%) 0.96 (0.83-1.09) 0.94 (0.83-1.07)

3 4, 4 4 333 197 (59.2%) 0.95 (0.86-1.05) 0.98 (0.89-1.07)

Model 1: Adjusted for age and gender. Model 2: Adjusted for

age, gender, smoking, alcohol consumption, physical activity,

family history, diabetes, LDL cholesterol, HDL cholesterol, uric

acid, creatinine, and body mass index. PR = prevalence ratio

(95% robust confidence intervals).

Table 3.Table 3.Table 3.Table 3.Table 3. Non-adjusted analysis of the association between ApoE

polymorphism and hypertension in the Bambuí Health and Aging

Study (BHAS) population.

Hypertension

Yes No

ApoE genotype

2 2 1 (0.1%) 0 (0.0%)

2 3 95 (11.0%) 66 (12.1%)

2 4 13 (1.5%) 7 (1.3%)

3 3 556 (64.5%) 335 (61.6%)

3 4 179 (20.8%) 129 (23.7%)

4 4 18 (2.1%) 7 (1.3%)

P = 0.538

ApoE allele

2 110 (6.4%) 73 (6.7%)

3 1386 (80.4%) 865 (79.5%)

4 228 (13.2%) 150 (13.8%)

P = 0.846

Data are reported as number of subjects with percent in paren-

theses.

*P value: Person’s chi-square test.
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not female, Japanese immigrants living in Los Angeles or

Hawaii (20), and iii) a negative association between the

presence of the 4 allele and prevalent hypertension in

young, but not older, Japanese (9). Three other cross-

sectional studies included very old subjects. Two were

carried out in Finland (12) and in Spain (14), and did not

find significant association between ApoE genotype, preva-

lent hypertension (14), or mean SBP and mean DBP (12).

The third study included Italian descendents living in the

south of Brazil and reported a significantly lower DBP

among the 4 carriers, compared to the homozygous 3 3,

but the mean SBP was similar in both groups (13). In

addition, two cohort studies carried out with Japanese

Americans (20) and North American males (21) reported

contradictory results. In the present study, the mean base-

line SBP and DBP, as well as prevalent hypertension, were

not associated with the ApoE genotype.

This investigation benefits from a large number of

subjects, the use of an unselected community-based popu-

lation, and the use of double-blind data collection, as the

technicians were unaware of the participants’ ApoE or

hypertension status. Selection and information bias are

therefore unlikely, but prevalence bias is a potential limita-

tion. The population investigated here consisted of older

adults; therefore, the results may not be relevant to younger

subjects.

In conclusion, this study confirms that the presence of

the 4 allele is associated with greater LDL cholesterol

levels and the presence of the 2 allele is associated with

lower LDL levels and greater triglyceride levels. This in-

vestigation also provides epidemiologic evidence that ApoE

genotype is not associated with prevalent hypertension in

old age.
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