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Age-related trends of blood pressure levels by
apolipoprotein E genotype: the Bambuı̀ cohort study
of ageing (1997–2008)

Maria Léa Correa Leite1, Maria Fernanda Lima-Costa2 and Emilio H Moriguchi3

The role of apolipoprotein E (apoE) polymorphisms in regulating blood pressure (BP) is still not clear. The aim of this study

was to examine longitudinal changes in BP levels by apoE genotypes in a population-based prospective cohort of elderly

subjects, and explore interactions with plasma lipids and uric acid. Subjects whose apoE genes had been genotyped at

baseline (1408, representing 80.8% of all the elderly residents in Bambuı̀ city, south-eastern Brazil; age range 60–95 years)

were included in the analysis. Repeated BP measurements were obtained in four waves. Multi-level random-effects pattern-

mixture models were used to evaluate the age-related BP trajectories, accounting for non-ignorable dropouts/deaths and

handling heterogeneities as random parameter variations. Subjects with the e4/4 genotype and high levels of low-density

lipoprotein cholesterol had higher systolic BP levels at 60 years of age than those with the other genotypes (154.5 vs.

133.2 mm Hg, P¼0.020), but this was not the case among the older subjects. Systolic BP increased more rapidly with

age in the e2 carriers, leading to significantly higher levels among the oldest. This relationship seemed to be modulated

by uric acid levels, as it was present in the subjects with the e2/3 genotype and high uric acid levels, and in those with

the e2/4 genotype and low or normal uric acid levels. The differences in systolic BP between the genotypes were age

dependent, and the shift between the e4 and e2 alleles suggest that these alleles are involved in the different mechanisms

leading to increased BP in middle-aged and elderly subjects.
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INTRODUCTION

Apolipoprotein E (apoE) is a plasma protein that has an important
role in transporting cholesterol and other lipoproteins. The apoE gene
is polymorphic, leading to three common alleles (e2, e3 and e4) and
six different genotypes (e2/2, e2/3, e2/4, e3/3, e3/4, e4/4). As apoE-e3
contributes little to variations in plasma lipids, it is believed to code
for normal apoE functions. Alleles e2 and e4 have a definite impact
on lipid and lipoprotein levels: apoE-e2 tends to be associated with
increased triglyceride levels and decreased levels of total and low-
density lipoprotein (LDL) cholesterol, whereas apoE-e4 is associated
with increased total and LDL cholesterol levels.1

ApoE has a key role in the atherosclerotic process.2,3 The e4 allele is
associated with an increased risk of coronary heart disease,4 and the
presence of the e4 or e2 allele in men is associated with a significantly
greater cardiovascular risk.5 Nevertheless, whether apoE polymorphisms
have a role in regulating blood pressure (BP) is still not clear. Some
studies have suggested that high BP may be associated with the presence
of the e4 allele,6–8 but a negative association has also been found,9 and
others have shown an association between the e2 allele and
hypertension,10,11 and yet others have found no association.12–14

These conflicting findings have recently led to a call for further
investigations into gene–environment interactions to establish more
clearly whether as well as which apoE alleles have a role in the
development of hypertension.15 Most of the studies cited above were
case–control studies, which are typically subject to significant sources
of bias, whereas prospective cohort studies seem to be a more
appropriate means of investigating gene–environmental interactions
in complex human diseases.16 Furthermore, it has recently been
pointed out that, as apoE genotypes tend to interact with some
cardiovascular risk factors that tend to change with aging, there is a
need for studies of older subjects that evaluate the age-related effects
of apoE genotypes on cardiovascular outcomes.17

Besides plasma lipids, the levels of uric acid may be implicated in
the mechanisms relating the apoE genotype and BP. Plasma uric acid
has an important role in the pathogenesis of hypertension18 and its
levels seem to be modulated by the apoE genotype: the e2 allele has
found to be independently associated with increased levels19,20 and
the e4 with decreased levels21 of plasma uric acid.
The Bambuı̀ Cohort Study of Ageing is an ongoing prospective

study of an elderly Brazilian cohort, and its database, which includes
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apoE genotyping and repeated BP measurements, offers a valuable
opportunity to examine longitudinal changes in BP levels by apoE
genotype and try to identify the gene–environmental interactions that
could improve the development of better preventive and therapeutic
strategies.
Longitudinal studies of older cohorts are complicated by the loss of

individuals between waves, mainly due to death or other dropout
mechanisms. If these are related to the response variable of interest,
any failure to deal with dropouts can lead to biased parameter
estimates and misleading inferences.22 We therefore constructed a
complex multi-level random-effects pattern-mixture model to describe
the time trends of systolic and diastolic BP, and here provide overall
estimates for each apoE genotype and analyze the heterogeneity of the
data by levels of plasma lipids and uric acid. The evaluation of these
genotype–environment interactions as well as the description of their
age-related dynamics denote the main novelty aspects of our study.

METHODS

Subjects and measurements
The data come from the Bambuı́ Cohort Study of Ageing, which involves a

population-based cohort of older adults in Bambuı́, a city of approximately

15 000 inhabitants in south-eastern Brazil. The cohort study procedures have

been described in detail elsewhere.23,24 Briefly, the baseline cohort population

was identified by means of a complete census of the town performed in

November and December 1996. A letter was sent to all residents (1742

individuals) aged X60 years on 1 January 1997 to explain the study objectives

and invite their participation. Of the 1742 eligible elderly, 1606 (92.2%)

participated in the baseline survey, which consisted of a questionnaire covering

socio-demographic, lifestyle, medical and drug-use data, laboratory tests

(biochemical and hematological analyses) and physical measurements (BP

and anthropometric measures). The mean age of the cohort participants was

69.3 years (range 60–95 years); 60.0% were women. Most of the participants

were white (60.4%), 33.2% were light brown (‘moreno’), 3.7% dark brown

(‘mulato’) and 2.7% black. The follow-up was based on annual interviews and

reviews of medical records, and collected information concerning the current

use of antihypertensive medication. The Bambuı́ Cohort Study of Ageing was

approved by the Ethics Committee of the Fundação Oswaldo Cruz, Brazil, and

all of the participants signed an informed consent form.

Systolic and diastolic BP were measured at baseline (1997), and after 3

(2000), 5 (2002) and 11 (2008) years of follow-up, using standard desk

mercurial sphygmomanometers (Welch Allyn Tycos 5097-30, Tycos, Arden,

NC, USA) and stethoscopes (Littman Cardiology II, 3M Medical Devices,

St Paul, MN, USA). Either a standard adult (12� 23 cm) or a large adult

(15� 32 cm) cuff size was used, appropriate to the subject’s right arm

circumference. At each time point, three measurements separated by 2-min

intervals were made after an initial 5-min rest, and 30min or more after the

last caffeine intake or last cigarette. These measurements were taken in the

early morning and, to ensure adequate rest, they were performed in a quiet,

isolated room with controlled temperature; the individuals were seated with

the arm supported at heart level. BP was measured at the project field clinic by

properly trained technicians. In this analysis, BP was considered as the

arithmetic mean of the second and third measurements.

Genomic DNA for apoE genotyping was extracted from blood samples

using the Wizard Genomic DNA Purification System (Promega, Madison, WI,

USA). The DNA samples were then amplified by means of polymerase chain

reaction (PCR), digested by HhaI and underwent restriction fragment length

polymorphism analysis, as previously described.25 PCR involved the following

primers: forward 50-TAAGCTTGGCACGGCTGTCCAAGGA-30 and reverse

50-ACAGAATTCGCCCCGGCCTGGTACAC-30. The PCR conditions were

denaturation at 95 1C for 5min, followed by 35 cycles of 95 1C for 1min,

60 1C for 1min and 70 1C for 2min, and a final extension at 72 1C for 10min.

Restriction fragment length polymorphism analysis yielded the following

patterns: e2e2, 91 and 83bp; e3e3, 91, 48 and 35bp; e4e4, 72, 48 and 35bp.

Each of the heterozygote genotypes contained both sets of fragments from each

apoE allele.

The current use of antihypertensive drugs (AHDs) was ascertained annually

by reviewing medication containers and/or physician prescriptions made

during home visits to all of the participants. The medications were coded on

the basis of the Anatomical Therapeutic Chemical (ATC/DDD) classification

system,26 and were considered AHDs if they fell into ATC groups C02 (anti-

hypertensives), C03 (diuretics), C07 (beta-blockers), C08 (calcium channel

blockers) or C09 (agents acting on the renin–angiotensin system). For the

purposes of the present analysis, the subjects using any type of AHD were

considered ‘treated’. The participants were divided into four groups on the

basis of the proportion of years on treatment in relation to the number of years

of follow-up: 1¼ untreated; 2¼ irregularly treated (treated for less than 50% of

the follow-up); 3¼ frequently treated (X50%); and 4¼ regularly treated.

The blood samples were drawn after a recommended 12-h fast, and plasma

measurements (LDL cholesterol, HDL cholesterol, triglycerides, glucose and

uric acid) were made using standard enzymatic methods (Merck KgaA,

Darmstadt, Germany).

Statistical analysis
Mixed models were fitted to describe the time trends of the BP measurements.

A mixed model is a statistical model that contains both fixed and random

effects. The random-effects approach is a powerful means of dealing with

longitudinal data sets in the presence of missing data, and provides valid

inferences in the case of ignorable (random missing) non-responses.27 The

term ‘pattern-mixture models’ describes a general class of models that deal

with missing data when it is thought that dropouts cannot be ignored.28

In such models, the subjects are divided into groups on the basis of the pattern

of their missing data so that their effect on outcome can be examined.

In the case of longitudinal studies, it is often reasonable to assume that

intermittent missing observations are randomly missing, and recoding the

patterns into groups on the basis of the last available measurement wave is a

sensible option.29 By grouping subjects with similar missing patterns, we aimed

to stabilize the extrapolation without losing any substantial information about

the effect of ‘missingness’.29

In our elderly cohort, dropouts were prevalently due to death. First of all, we

defined five workable missing data pattern groups: completers, or those for

whom the last measurement was available; those lost because they dropped out

before or after 2002; and those lost because they died before or after 2002. We

subsequently collapsed the groups with similar results and, after finding that

this had a minimal effect on overall estimates, finally considered three groups:

1) completers; 2) subjects lost because they dropped out; and 3) subjects lost

because of death. The variable defining these groups was included as a model

covariate and, by interacting it with the genotype and time covariates, we

estimated the trend parameters by each missing-pattern group.

The overall estimates were obtained by means of weighted averaging

(mixing) the missing data patterns. The weights were the estimated proportions

of subjects in the three missing-pattern groups within each genotype, and the

s.e. of the averaged overall estimates were obtained using the delta method.30

Our models included fixed-effects intercepts for gender and treatment

groups. Time trends of BP levels are expected to be influenced by AHD use and

so, to avoid the problem of over-parameterisation, we addressed heterogeneity

in terms of random slope parameter variations across the four treatment

groups. In a hierarchical (multi-level) structure, AHD use constituted the third

level: treatment groups, subjects within treatment group and BP measurements

within subjects. Furthermore, the models with systolic BP as the outcome

included a random slope parameter handling some of the heterogeneity

between genders (a fourth level). At subject level, the random terms (intercept

and slope) were assumed to have an unstructured covariance matrix in the

systolic model and an independent structure in the diastolic model.

We expressed the time trends in terms of age because this is biologically

more meaningful than variations over the period of follow-up time. Age at

baseline was included in the models to account for birth year effects. Although

this variable was associated with the dropout patterns, there were no significant

interaction terms within the patterns between age at baseline and the temporal

trend. The individual contributions to the age-related trends were therefore

spread over a unique age axis ranging from 60 to 95 years. As the inclusion of

quadratic age terms terms did not significantly improve the likelihood of the
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models, only linear terms were fitted. Examination of the residual plots did not

show any particular trend in their distribution, thus indicating the good fitting

of the models to the observed data.

The analyses were made using the multi-level mixed-effects linear regression

(xtmixed) procedure of Stata software, version 11.2.31

RESULTS

Of the 1606 enrolled subjects, 1408 (87.7%) underwent apoE
genotyping. Only one subject had the e2/2 genotype and was excluded
from the analysis. Of the remaining 1407, 677 (48.1%) completed the
follow-up (that is, their 2008 BP measurements were available), 195
(13.9%) were missing because they had dropped out and 535 (38.0%)
had died (Table 1).
Table 2 shows the frequency distribution of the apoE genotypes

among the 1407 subjects. The allele frequencies were within Hardy–
Weinberg equilibrium (P40.10). There were no differences in
genotype distribution between the genders (P¼ 0.512) or the AHD
groups (P¼ 0.300). The age- and gender-adjusted comparisons
showed that the e4/4 group had higher LDL cholesterol levels
(P¼ 0.007) than the subjects with the e3/3 genotype, and those in
the e2/3 (Po0.001) and e2/4 (P¼ 0.003) had lower levels. Triglycer-
ide levels were higher in the e2/3 group (P¼ 0.019) than in the e3/3
group. The distribution of subjects by pattern of ‘missingness’ was
homogeneous across the apoE genotypes (P¼ 0.610). Table 3 shows
mean BP levels in the four waves by genotype group.
Table 4 shows the multi-level random-effects pattern-mixture

model estimates of the intercepts and slopes describing age-related
trends of systolic and diastolic BP by apoE genotype. Except for the
e4/4 group, which had a negative slope (but not significantly different
from zero), the estimated mean increases in systolic BP at each year of
age ranged from 0.34mmHg (e2/3, e3/3) to 0.96mmHg (e2/4). At
the age of 60 years, the subjects with the e4/4 genotype had higher
systolic BP in comparison with the e3 carriers (P¼ 0.059). The
expected diastolic BP in the e3/3 group at the age of 60 years was
87.4mmHg, and decreased by a mean of 0.35mmHg with each year
of age. There was no significant difference in the variation in diastolic
BP between the apoE genotype groups.
We then explored the data for effect modifications by the plasma

levels of the variables shown in Table 2, and identified heterogeneities
in systolic BP trends related to LDL cholesterol and uric acid levels.
Figure 1 shows the age-related trends of systolic BP estimated from
the multi-level random-effects pattern-mixture model and stratified

on the basis of LDL cholesterol levels of p160mgdl�1 and
4160mgdl�1, after collapsing similar genotype estimates (e2/3,
e3/3, e3/4) into a single group to make the graph easier to read.
The subjects with the e4/4 genotype in the p160mgdl�1 subgroup
had practically constant systolic BP levels of about 134.0mmHg
regardless of age, whereas those in the 4160mgdl�1 subgroup had
higher systolic BP in the younger age groups: at the age of 60 years,
the estimated systolic BP in the subjects with the e4/4 genotype was
154.5mmHg, significantly higher than the 133.2mmHg observed in
the subjects with the other genotypes (P¼ 0.020). The estimated slope
the e2/4 carriers in the low LDL cholesterol group was 1.51mmHg
(significantly different from zero; P¼ 0.025) leading to expected
systolic BP levels that were 16.9mmHg higher than those in the e3
carriers at 80 years of age (P¼ 0.004). The estimated slope for the
genotypes containing the e3 allele was 0.35mmHg (P¼ 0.036), with
no significant heterogeneity between the LDL cholesterol strata. It has
to be pointed out that as the high-LDL cholesterol subgroup included
only four subjects with the e2/4 genotype and too few observations
were made in the over-80-year olds with the e4/4 genotype, these are
not shown in the graph.
When the data were stratified on the basis of plasma uric acid levels

of p6mgdl�1 and 46mgdl�1, there were significant differences
between the subjects with genotypes containing the e2 allele
(Figure 2). The expected systolic BP in the e2/3 carriers with low/
normal uric acid levels remained almost invariable regardless of age
whereas, in those with high uric acid levels, systolic BP increased by
1.3mmHg (P¼ 0.001) for each year of age; the difference between the
two slopes was significant (P¼ 0.002). At the age of 85 years, the
expected systolic BP in the e2/3 group was 12.9mmHg higher than in
the e3/3, e3/4 groups (P¼ 0.036). Conversely, the estimated slopes
in the e2/4 group were 1.9mmHg (P¼ 0.007) in the low/normal uric
acid subgroup, and �0.8mmHg (P¼ 0.362) in the high uric acid
subgroup, a difference that was statistically significant (P¼ 0.013).
The expected systolic BP in the e2/4 carriers with low uric acid levels
was significantly higher than in the e3/3 or e3/4 groups after the age
of 75 years (P¼ 0.004).

DISCUSSION

We found different age-related patterns of variations in systolic BP
between the genotype groups, but no substantial heterogeneity in the
variations in diastolic levels. These age-dependent differences in
systolic BP between genotypes highlight the advantage of longitudinal
over transversal (or cross-sectional) analysis, and may partially explain
the discrepancies between studies of populations with different age
ranges. It may also explain the lack of an association between apoE
genotype and prevalent hypertension found in a previous transversal
analysis of our data.32

The strength of our study mainly lies in its prospective nature and
the large number of subjects followed for a long time. We constructed
a complex statistical model to evaluate the subject-specific BP
trajectories accounting for informative (non-ignorable) ‘missingness’.
On the other hand, the analysis was limited by intrinsic imbalances
and a lack of statistical power due to the small size of some genotype
groups.
The distributions of apoE alleles and genotypes in our elderly

population were similar to those observed in other western popula-
tions and uninfluenced by age, thus suggesting the absence of an
association with mortality.33 Although black skin color significantly
correlated with the presence of two e4 alleles, an analysis excluding
the dark brown or black subjects (5.8% of the total) led to unchanged
results.

Table 1 Patterns of missingness in relation to blood pressure

measurements made in the 1407 study subjects

Missing because of

Pattern Dropout Death Total

O O O O (completers) 602

O O M O 28

O M O O 35

O M M O 12

Total 677

O O O M (missing after the third wave) 112 228 340

O M O M 5 15 20

O O M M (missing after the second wave) 34 111 145

O M M M (missing after the first wave) 44 181 225

Total 195 535

Abbreviations: M, missing; O, observed.
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Table 2 Apolipoprotein E genotype distribution, baseline characteristics of the study population and use of AHDs during follow-up

Apolipoprotein E genotype

e2/3 e2/4 e3/3 e3/4 e4/4 All subjects

Number of subjects (%) 161 (11.4) 20 (1.4) 892 (63.4) 309 (22.0) 25 (1.8) 1407 (100.0)

Females (%) 58.4 50.0 61.6 60.2 48.0 60.5

Mean (s.d.)

Age (years) 68.4 (6.7) 71.5 (7.0) 69.2 (7.1) 69.1 (7.4) 67.9 (7.1) 69.1 (7.1)

LDL cholesterol (mg dl�1) 140.3 (42.1) 123.8 (36.2) 155.9 (45.1) 160.3 (45.1) 178.7 (55.1) 155.0 (45.4)

Triglycerides (mg dl�1) 167.6 (144.2) 132.8 (51.6) 147.8 (92.6) 154.1 (97.3) 145.2 (74.8) 151.2 (100.3)

HDL cholesterol (mg dl�1) 50.6 (16.0) 60.3 (23.1) 49.1 (14.7) 48.0 (14.9) 50 (16.2) 49.2 (15.1)

Glucose (mg dl�1) 113.4 (46.9) 116.6 (54.7) 106.3 (38.4) 110.3 (51.2) 111.0 (27.9) 108.2 (42.7)

Uric acid (mg dl�1) 5.2 (1.7) 6.0 (3.8) 5.4 (1.7) 5.2 (1.5) 5.2 (1.9) 5.3 (1.7)

AHD use (%)

No 21.7 25.0 19.2 18.4 16.0 19.3

Irregular 18.6 20.0 19.7 23.0 20.0 20.3

Frequent 31.1 40.0 26.0 31.1 36.0 28.1

Yes 28.6 15.0 35.1 27.5 28.0 32.3

Abbreviations: AHDs, antihypertensive drugs; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Table 3 Observed longitudinal blood pressure levels (mm Hg) by apolipoprotein E genotype: mean values (s.d.)

ApoE genotype

Year of follow-up e2/3 e2/4 e3/3 e3/4 e4/4 All subjects

1997 n 161 20 892 309 25 1407

(baseline) SBP 136.6 (24.2) 146.7 (29.4) 137.3 (22.9) 136.8 (19.9) 141.8 (28.6) 137.3 (22.6)

DBP 84.0 (13.5) 87.8 (15.0) 83.5 (12.6) 83.3 (12.0) 86.8 (16.4) 83.7 (12.7)

2000 n 129 14 702 249 21 1115

SBP 132.9 (20.3) 142.0 (20.2) 134.4 (20.7) 138.2 (20.6) 145.6 (25.5) 135.4 (20.8)

DBP 82.7 (11.6) 89.1 (13.9) 82.5 (12.0) 84.4 (12.1) 86.7 (16.3) 83.1 (12.1)

2002 n 119 12 626 219 21 997

SBP 135.6 (20.5) 139.0 (15.8) 137.2 (21.9) 137.6 (20.9) 136.4 (29.9) 137.1 (21.6)

DBP 83.9 (13.1) 84.2 (11.1) 83.6 (13.7) 83.4 (12.5) 83.5 (17.0) 83.6 (13.4)

2008 n 80 9 434 142 12 677

SBP 141.2 (21.6) 137.2 (17.6) 144.0 (22.6) 142.3 (20.9) 151.6 (21.6) 143.3 (22.1)

DBP 78.6 (11.9) 73.3 (9.3) 78.4 (12.1) 77.7 (10.8) 81.5 (15.0) 78.3 (11.9)

Abbreviations: Apo E, apolipoprotein E; DBP, diastolic blood pressure; SBP, systolic blood pressure.

Table 4 Age-related linear trends in BP measures (mm Hg) by apolipoprotein E genotype: estimateda parameters (95% confidence interval)

Systolic BP Diastolic BP

Genotype Interceptb Slopec Interceptb Slopec

e2/3 132.9 (127.8, 137.9) 0.34 (�0.10, 0.78) 88.0 (85.2, 90.9) �0.41 (�0.65, �0.18)

e2/4 133.1 (115.7, 150.6) 0.96 (�0.13, 2.04) 91.8 (81.9, 101.7) �0.37 (�0.97, 0.23)

e3/3 133.6 (130.9, 136.2) 0.34 (0.02, 0.66) 87.4 (85.9, 88.9) �0.35 (�0.52, �0.18)

e3/4 133.2 (129.3, 137.0) 0.45 (0.08, 0.82) 86.9 (84.8, 89.1) �0.31 (�0.51, �0.11)

e4/4 144.6 (132.9, 156.3) �0.38 (�1.21, 0.46) 92.0 (85.5, 98 6) �0.64 (�1.08, �0.19)

Abbreviation: BP, blood pressure.
aUsing multi-level mixed-effects pattern-mixture models as described in the text.
bValues at age of 60 years.
cMean variation in BP levels with each year of age.
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We found that the younger carriers of the e4/4 genotype (that is,
those aged about 60 years) had significantly higher systolic BP than
the other groups. This is consistent with the results of two recent
meta-analyses (one of which considered only Chinese subjects)34,35

showing that the apoE e4 allele was associated with an increased risk
of developing hypertension in a recessive manner. After stratification
by LDL cholesterol p160mgdl�1 and 4160mgdl�1, only the e4/4
subjects in the latter group had high systolic BP at the age of 60 years.
This may be due to the fact that the e4 allele may be a common
genetic determinant of both hypercholesterolemia and systolic
hypertension.6 A twin study examining the relative contributions of
genetics and the environment to the association between BP and
serum lipid levels observed a significant genetic covariance between
LDL cholesterol and systolic BP.36 However, the fact that the high
systolic BP values were confined to the group with high LDL
cholesterol suggests that hypercholesterolemia may form part of the
pathway linking the e4/4 genotype to systolic hypertension. It has
been found that LDL cholesterol increases vascular responsiveness to
angiotensin II37,38 by increasing the number of receptors mediating its
action,39 which directly raises peripheral vascular resistance and
predisposes to hypertension. The e4 allele has less impact on LDL
cholesterol levels in more elderly groups,40 and this may partially
explain the looser association between the e4/4 genotype and high
systolic BP after the age of 70 years.
The more rapid increases in systolic BP in the e2/4 group led to

significantly higher BP levels in the oldest age group. The rare

e2/4 genotype seems to characterize a special group of subjects
but, unfortunately, they were too few to allow more precise
conclusions. Given the opposite effect of their alleles on lipids,
this group is often excluded from analyses, but it has been shown
that the e2 allele is dominant and has a larger impact than the
e4 allele.41

Serum uric acid levels seem to modulate longitudinal changes in
systolic BP in carriers of the e2 allele, but the subjects with the e2/3
genotype and high uric acid levels showed a significantly more rapid
increase in systolic BP than those with low/normal levels, and the
opposite was found in the subjects with the e2/4 genotype. High uric
acid levels in subjects with the e2/3 genotype indicate a subgroup with
a higher prevalence of obesity and dyslipidemia (high triglyceride, and
low-HDL cholesterol levels), thus suggesting that the more rapid age-
related increase in systolic BP was related to a ‘metabolic syndrome’
context. On the contrary, there were no obese subjects in the e2/4
genotype group and those with normal/low uric acid levels tended to
have higher levels of glucose and triglycerides than those with high
uric acid levels (data not shown). The triglyceride-raising effect of the
e2 allele has been widely shown42 but, unlike that of LDL cholesterol,
the role of plasma triglycerides as an independent cardiovascular risk
factor is somewhat controversial.43

It has been suggested that the presence of the e2 allele in an
‘unhealthy environment’ may predispose an individual to increased
levels of triglyceride-rich lipoproteins, commonly called remnant
lipoproteins,44 whose significant role in the pathogenesis of

Figure 1 Age-related trends of systolic blood pressure by apolipoprotein E genotype and plasma low-density lipoprotein (LDL) cholesterol level.

Figure 2 Age-related trends of systolic blood pressure by apolipoprotein E genotype and plasma uric acid level.
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atherosclerosis is becoming increasingly clear.45 Growing evidence
supports their role in the pathophysiology of vascular disease,46 as
high concentrations of triglyceride-rich lipoproteins are a strong
predictor of arterial stiffness in women.47 It has been found that
remnant lipoproteins impair endothelium-dependent vasomotor
function in large coronary arteries48 and, interestingly, that this
dysfunction is independently and intimately associated with pulse
pressure.49 It has been suggested that oxidative stress is the underlying
mechanism relating these disorders,50 and it is known to be the
mechanism causing the large arterial alterations (stiffness and
decreased compliance) involved in the pathophysiology of geriatric
hypertension.51 It has also been suggested that uric acid acts as
a pro-oxidant in the context of the metabolic syndrome,50 may have
pro-inflammatory effects on vascular cells52 and induces oxidative
stress in adipocytes,53 but it may function as an anti-oxidant.54

C-reactive protein (CRP) is an inflammatory marker associated
with both oxidative stress55 and arterial stiffness56 and, interestingly,
our uric acid data positively correlated with CRP and triglyceride
levels in the subjects with the e2/3 genotype, but negatively
correlated with them in the subjects with the e2/4 genotype (data
not shown).
We found an age-related shift between the e4 and the e2 alleles that

influenced systolic BP. It is likely that these alleles act by means of
different mechanisms with different time courses during life, as the e4
allele is involved in the mechanisms participating in the development
of hypertension in the middle-aged, and the e2 allele is involved in the
mechanisms prevalently related to hypertension in the elderly. High
systolic BP is a well-established risk factor for stroke in the elderly,57

and the genes modifying the risk of hypertension could also influence
the risk of stroke. Like those regarding hypertension, studies of the
association between apoE and stroke remain controversial.58 However,
it is interesting to note some analogies between our results and those
of a study of a Japanese rural population aged 40–89 years that
evaluated the association between apoE polymorphisms and stroke.59

This study showed that the association between e2 carriers and stroke
was more marked in the elderly than in the middle-aged. The apoE e2
carriers tended to have an increased age-related odds ratio for all
strokes, whereas the e4 carriers tended to show the opposite effect.
The association between apoE polymorphisms and coronary artery
disease is also influenced by age,60 with carriers of the e3/4 genotype
suffering myocardial infarction at an earlier age than carriers of the
e2/3 genotype.
In conclusion, our findings show that increased systolic BP is

associated with the presence of two e4 alleles and high-LDL
cholesterol levels in middle-aged subjects, and that this relation
disappeared in the elderly. Among the older subjects, e2 carriers
had increasingly higher systolic BP. Uric acid levels seem to
discriminate subgroups at increased risk of systolic hypertension
among the subjects with different genotypes containing the e2 allele
and, together with apoE genotyping, determining its serum concen-
tration could be helpful when preparing preventive action.
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