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Objectives: To evaluate the effects of interactions between ApoE genotypes, alcohol consumption and
obesity on the age-related trends of blood pressure (BP) levels in postmenopausal women.
Study design: A population-based prospective cohort study of all residents in Bambui, south-eastern

Accepted 20 May 2013 Brazil, aged 60 years or older. Repeated BP measurements were obtained in four waves from 851 women
who underwent ApoE genotyping at baseline (88.3% of those enrolled), and multi-level random-effects
Keywords: pattern-mixture models were used to evaluate the age-related BP trajectories, while accounting for

non-ignorable dropouts/deaths and handling heterogeneities as random parameter variations. The few
measurements (2.1%) made during hormone replacement therapy were excluded from the analysis.
Results: Alcohol consumption was associated with high levels of systolic and diastolic BP in an
age x genotype-dependent manner only in the non-obese women (BMI < 27 kg/m?2). Among those with
the £3/3 genotype, the differences in systolic and diastolic levels between drinkers and non-drinkers
estimated at the age of 60 years were respectively 13.7 mmHg (p=0.022) and 10.7 mmHg (p = 0.002), and
disappeared in the older age groups, in which drinking was associated with systolic/diastolic hypertension
if the non-obese women were &4 carriers.
Conclusion: In non-obese postmenopausal women, alcohol consumption is associated with systolic and
diastolic hypertension early in those with the £3/3 ApoE genotype, and late in £4 carriers. We hypothesize
the mediation of androgen hormones and the influence of ApoE genotypes on age at natural menopause.
A better understanding of these mechanisms may guide better preventive choices.

© 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction The apolipoprotein E (ApoE) gene encodes a plasma protein that
plays an important role in transporting cholesterol, and the effects
of its polymorphism on lipids and the risk of CVD have been exten-
sively studied [8]. The ApoE gene has three common alleles (€2, €3
and &4) and six different genotypes (£2/2, €2/3, €2/4, £3/3, €3/4,
and e4/4). It is believed that allele &3 codes for normal ApoE func-
tions, whereas alleles €2 and €4 have a definite impact on lipids and
lipoproteins: €2 tends to be associated with increased triglyceride
levels and decreased levels of total and low density lipoprotein
(LDL) cholesterol, and &4 is associated with increased total and LDL
cholesterol levels [9].

It is still not clear whether ApoE polymorphism plays a role in
regulating BP, and the conflicting findings of studies of the relation-
ship between ApoE polymorphism and BP have aroused interest
in the interactions involving this polymorphism and lifestyle vari-

Blood pressure (BP) generally increases after menopause, and
hypertension is a major risk factor for cardiovascular disease (CVD),
the leading cause of death in postmenopausal women [1].

Heavy alcohol consumption has been consistently associated
with a higher risk of hypertension in women [2], but the data
concerning the effect of light to moderate alcohol consumption
are conflicting [3-5]. Light alcohol consumption seems to have a
protective effect on hypertension in pre-, but not postmenopausal
women [6,7].
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ables [10].

The Bambui Cohort Study of Aging is an ongoing prospective
study of an elderly Brazilian cohort; we used its database to exam-
ine the individual longitudinal trajectories of BP levels in order
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to assess the interactions between ApoE genotypes and lifestyle
factors. In a previous paper, we described the results relating to
men and showed the effect of an interaction between allele €2 and
alcohol consumption on the age-related trends of BP levels [11].
Similar findings have been reported in the case of middle-aged men,
but not middle-aged women [12]. However, there is no published
information concerning postmenopausal women.

The aim of this study was to evaluate the interactions between
ApoE genotypes and alcohol consumption in elderly women and, as
it has been shown that body weight affects the association between
alcohol drinking and BP levels in women [ 13], we also examined the
role of the body mass index (BMI).

2. Methods
2.1. Subjects and measurements

The Bambui Cohort Study of Aging was carried out in Bambui,
a city of approximately 15,000 inhabitants in south-eastern Brazil,
and its procedures have been described in detail elsewhere [14].
Briefly, the baseline cohort population consisted of all residents
aged >60 years on 1 January 1997, who were identified by means
of a complete census of the town. Of the 1742 older residents, 1606
(92.2%, including 964 women) participated in the baseline survey,
which consisted of a questionnaire covering socio-demographic,
lifestyle, medical and drug use data, laboratory tests (biochemi-
cal and hematological analyses), and physical measurements (BP
and anthropometric measures). The follow-up was based on annual
interviews and reviews of medical records, and collected informa-
tion concerning the current use of anti-hypertensive medication
and hormone replacement therapy (HRT). The Bambui Cohort Study
of Aging was approved by the Ethics Committee of the Fundac¢do
Oswaldo Cruz, Brazil, and all of the participants signed an informed
consent form.

Systolic and diastolic BP were measured at baseline (1997),
and after three (2000), five (2002) and eleven (2008) years, using
standard desk mercurial sphygmomanometers (Welch Allyn Tycos
5097-30, Tycon, Arden, USA) and stethoscopes (Littman Cardi-
ology II, 3M Medical Devices, St. Paul, USA), and a standard
(12 cm x 23 cm) or large adult cuff size (15 cm x 32 cm) depending
on 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 30 min or more after the last caffeine intake
or last cigarette. The measurements were made in the early morn-
ing in a quiet, isolated, temperature-controlled room at the project
field clinic by appropriately trained technicians, with the subjects
seated with their arm supported at heart level. The recorded BP was
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 ampli-
fied by means of polymerase chain reaction (PCR), digested by Hhal,
and underwent restriction fragment length polymorphism analysis
as previously described [15]. The PCR involved the use of the fol-
lowing 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. The restriction fragment length
polymorphism analysis yielded the following patterns: €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 contained both sets of fragments from
each ApoE allele.

The current use of antihypertensive drugs (AHDs) was ascer-
tained 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) classification system [16],
and were considered AHDs if they fell into ATC groups C02 (anti-
hypertensives), CO3 (diuretics), CO7 (beta-blockers), CO8 (calcium
channel blockers), or C09 (agents acting on the renin-angiotensin
system). For the purposes of this analysis, the women using any
type of AHD were considered “treated”. The participants were
divided into four groups on the basis of the number of years
on treatment in relation to the number of years of follow-up:
1 =untreated; 2 =irregularly treated (treated for less than 50% of the
follow-up); 3 = frequently treated (>50%); and 4 =regularly treated.

For the alcohol consumption estimates, the subjects were shown
cards with a representation of the amount of liquid corresponding
to one drink of spirits, beer or wine. Alcohol consumption was cal-
culated by multiplying the number of drinks by the frequency of
imbibing in a week during the previous 12 months. We considered
two categories: “non-drinkers” were teetotallers and ex-drinkers
(those who had stopped drinking at least 12 months previously),
and “drinkers” were those currently drinking any amount of alco-
hol. The BMI was calculated as weight(kg)/height?(m), and we
considered two groups: “obese” (or highly overweight), defined
as a BMI of >27kg/m? and “non-obese”. Current smokers were
defined as those who had smoked at least 100 cigarettes during
their lifetime and still smoked. The smoking, BMI and HRT data
were updated after three, five and eleven years of follow-up.

2.2. Statistical analysis

Multi-level, random-effects pattern-mixture (MLREPM) models
[17] were used to evaluate the age-related BP trajectories while
accounting for non-ignorable dropouts/deaths. This approach has
been described in more detail in a previous paper [18]. In brief, the
variable defining three groups on the basis of the pattern of their
missing data (completers, lost because of drop out, lost because
of death) was included as a model covariate, and the overall esti-
mates of the trend parameters were obtained by means of weighted
averaging (mixing) the pattern-specific estimates. The weights
were the estimated proportion of women in the three missing-
pattern groups within each genotype x drinking x BMI group, and
the standard error of the averaged overall estimates were obtained
using the delta method. In a hierarchical (multi-level) structure,
AHD use constituted the third level (treatment groups, subjects
within treatment group and BP measurements within subjects)
and, in order to avoid the problem of over-parameterisation, we
addressed heterogeneity in terms of random slope parameter varia-
tions across the four treatment groups. Age at baseline was included
in the models to account for birth year effects, and the individual
contributions to the age-related trends were spread over a single
age axis ranging from 60 to 90 years. As the inclusion of quadratic
age terms did not significantly improve the likelihood of the mod-
els, only linear terms were fitted. Examination of the residual plots
did not show any particular trend in their distribution, thus indi-
cating the good fit of the models to the observed data.

The analyses were made using the multi-level mixed-effects lin-
ear regression (xtmixed) procedure of Stata software, version 11.2
[19].

3. Results

Of the 964 enrolled women, 851 (88.3%) underwent ApoE geno-
typing: 549 (64.4%) were £3/3, 186 (21.9%) £3/4, 94 (11.0%) £2/3,
12 (1.4%) €4/4, and 10 (1.2%) £2/4: none was €2/2. The allele fre-
quencies were within Hardy-Weinberg equilibrium (p > 0.25). The
women with the £3/4 or €4/4 genotype were grouped in a single
&4 carrier group, and the 10 women with the £2/4 genotype (none
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Table 1

Patterns of missingness of blood pressure measurements in the 841 women.
Pattern Missing because of Total

Dropout Death

000 O (Completers) 402
OOMO 16
OMOO 18
OMMO 3
Total 439
0 0 O M (missing after the third wave) 71 120 191
OMOM 4 7 11
0 0 M M (missing after the second wave) 20 61 81
O M M M (missing after the first wave) 25 94 119
Total 120 282

O: observed; M: missing.

of whom was a drinker or smoker) were excluded from the analy-
sis. The mean follow-up of the remaining 841 women was 9.0 years,
and 439 (52.2%) of them completed the follow-up (i.e. their 2008 BP
measurements were available); 120 (14.3%) were missing because
they had dropped out, and 282 (33.5%) had died (Table 1).

Table 2 shows some of the women’s characteristics. Alcohol
consumption was generally light: almost all (94%) of the drinkers
drank less than on drink/day (data not shown). The frequencies
of drinking (p=0.894), smoking (p =0.499) and obesity (p=0.793)
were homogeneous across the genotype groups. The women with
the €3/3 genotype tended to be treated more regularly (p =0.087).

Table 3 shows the MLREPM model estimates of the intercepts
and slopes describing the age-related trends of systolic and dia-
stolic BP in the three ApoE genotype groups. In the £3/3 group, the
expected systolic BP at the age of 60 years was 130.9 mmHg and
it increased significantly by a mean of 0.61 mmHg with each year
of age, whereas diastolic BP was expected to be about 86 mmHg at
the age of 60 years and decreased by an average of 0.28 mmHg at
each year of age. There was no substantial difference in BP trends
between the genotype groups.

We then evaluated the effect of alcohol consumption on the BP
variations with age in the three genotype groups. Too few women
used HRT throughout the follow-up, and so the measurements
made in conjunction with HRT (56, corresponding to 2.1% of the
total) were excluded from the analysis. As smoking status had no
appreciable effect on the relationships between ApoE genotype,
alcohol consumption and BP, smoking was included in the mod-
els as a control variable. Figs. 1-3 show the estimated age-related
trends of systolic and diastolic BP for each ApoE genotype group,
stratified on the basis of alcohol consumption. Although the differ-
ence was not significant, there was a more rapid increase in systolic
BP, and a more rapid decrease in diastolic BP among the drinkers
in the £2/3 than among the non-drinkers (Fig. 1). The younger
drinkers in the £3/3 group had higher systolic and diastolic BP levels
than the non-drinkers: at the age of 60 years, their expected sys-
tolic BP was 140.0 mmHg (9.6 mmHg higher than that estimated
for the non-drinkers) (p=0.032), and their expected diastolic BP
was 92.7mmHg (7.1 mmHg higher) (p=0.006). These differences
disappeared in the older women (Fig. 2). There were no signifi-
cant difference in the age-related trends of systolic and diastolic
BP between the drinkers and non-drinkers in the &4 carrier group
(Fig. 3).

We next looked for heterogeneities in the obesity strata (BMI<
or >27kg/m?) in the £3/3 and the €4 carrier groups; the &2/3
group was too small to allow further stratification. The differences
in the younger subjects with the £3/3 genotype were confined to
the non-obese stratum (Fig. 4). The differences in estimated sys-
tolic and diastolic BP between the drinkers and non-drinkers at
the age of 60 years was respectively 13.7 mmHg (p=0.022) and
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Fig. 1. Estimated age-related trends of systolic and diastolic blood pressure in the
£2/3 genotype group, stratified on the basis of alcohol drinking habits.

10.7 mmHg (p =0.002). These differences disappeared in the older
age groups because systolic BP in the non-drinkers increased more
rapidly (0.65 mmHg for each year of age; p<0.001) and because
diastolic BP in the drinkers decreased more rapidly (0.81 mmHg),
slope significantly different (p=0.011) from that estimated in the
non-drinkers.

Among the &4 carriers, the BMI strata modified considerably
the relationship between alcohol consumption and the age-related
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Fig. 2. Estimated age-related trends of systolic and diastolic blood pressure in the
£3/3 genotype group, stratified on the basis of alcohol drinking habits.
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Table 2
Apolipoprotein E genotype distribution, baseline characteristics of the study population, and the use of antihypertensive drugs (AHDs) during follow-up.
Apolipoprotein E genotype All subjects
e2/3 e3/3 £3/4,e4/4
No. (%) 94(11.2) 549(65.3) 198(23.5) 841(100.0)
Mean age (SD), years 68.7 (6.6) 69.3(7.1) 69.0(7.4) 69.2(7.1)
Mean systolic BP (SD), mmHg 136.2(22.2) 137.3(22.6) 135.5(21.3) 136.8(22.2)
Mean diastolic BP (SD), mmHg 83.2(12.6) 82.6(12.2) 82.3(12.3) 82.6(12.3)
Percentage of alcohol drinkers 6.4 7.7 7.1 7.4
Percentage of smokers 12.8 9.5 11.6 10.3
Percentage with BMI > 27 kg/m? 41.3 38.6 37.1 38.6
Percentage of AHD users
Non-users 17.0 12.8 141 13.6
Irregular users 11.7 18.6 21.2 18.4
Frequent users 36.2 26.4 313 28.7
Users 35.1 423 333 39.4

SD: standard deviation; BP: blood pressure; BMI: body mass index.
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Fig. 3. Estimated age-related trends of systolic and diastolic blood pressure in the
&4 carriers (&3/4, e4/4) stratified on the basis of alcohol drinking habits.

trends of BP levels (Fig. 5). In the non-obese group, estimated sys-
tolic BP at the age of 60 years in the drinkers was 18.0 mmHg lower
than that estimated in the non-drinkers (p=0.092), but increased
very quickly: the estimated increase of 1.90 mmHg per year of age
(p=0.022) was higher than that of the non-drinkers (p=0.091),
leading to expected higher systolic BP in the older age groups.

Diastolic BP levels in the drinkers increased with age, leading to
expected levels that were 16.9 mmHg higher than those in the non
drinkers at 85 years of age (p=0.031).

No significant heterogeneity in BP trends was observed in the
obese stratum of the two genotype groups.

4. Discussion

Our findings show the interrelationships between ApoE
polymorphism, alcohol consumption and obesity affecting the age-
related longitudinal trends of BP levels in postmenopausal women.
Alcohol consumption was associated with high levels of systolic
and diastolic BP in the younger non-obese women with the &3/3
genotype and in the older &4 carriers.

We followed a large number of women for a long time, and the
prospective nature of the study represents its main strength as it is
the appropriate means of investigating gene-environmental inter-
actions in complex human diseases [20]. We constructed a complex
statistical model in order to evaluate the subject-specific BP trajec-
tories accounting for informative (non-ignorable) “missingness”.
Nevertheless, the analysis was limited by intrinsic imbalances
related to the genotype frequencies and a lack of statistical power
due to the small size of the drinkers’ group. Power is the probabil-
ity that a statistical test will correctly reject a false null hypothesis.
Then, a low statistical power context is of concern when inter-
preting non-significant results and would not compromise the
statistical validity or the meaningfulness of our positive findings. All
of the data used in this analysis were updated during the follow-up
except for alcohol consumption, for which only baseline data were
available; the related estimates may therefore be subject to dilution
bias which, however, is known to be toward null and understimates
the real association [21].

Although we cannot exclude some degree of under-reporting,
practically all of our elderly women were light drinkers. There

Table 3

Age-related linear trends in blood pressure (BP) measurements (mmHg) by apolipoprotein E genotype: estimated?® values (95% confidence interval).
ApoE Systolic BP Diastolic BP
Genotype Intercept?® Slope¢ Intercept® Slope©
e2[3 132.8(126.0, 139.7) 0.38(-0.13, 0.88) 87.0(83.1,91.0) —0.38 (-0.69, —0.08)
&3/3 130.9(127.6,134.2) 0.61(0.30,0.92) 85.9(84.1,87.8) —0.28 (—0.48, -0.07)
&3/4,e4/4 129.3 (124.6, 134.0) 0.65(0.27,1.03) 85.1(82.5,87.8) —-0.28 (-0.52, —0.04)

@ Using multilevel mixed-effects pattern-mixture models as described in the text.
b Expected values at the age of 60 years.
¢ Mean variation in BP levels for each year of age.
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Fig. 4. Estimated age-related trends of systolic and diastolic blood pressure in the £3/3 genotype group, stratified on the basis of alcohol drinking habits and obesity.

are few data concerning the influence of age on the effect of light
drinking, but the elevating effect of alcohol consumption on BP is
more prominent in the elderly than in the young [5], and a pro-
tective effect of alcohol on hypertension has only been found in
young female light drinkers [7]. Experimental data have shown that
the hemodynamic effects of alcohol (particularly its hypotensive
action) are estrogen-dependent [22], and so the reduced ben-
efit of light-moderate alcohol consumption in postmenopausal
women may be related to the decrease in their circulating estrogen
levels.

Alcohol intake may affect the BP levels of elderly women by
altering the serum concentrations of sex steroids. It has been found

BMI < 27kg/m?
160 1

150 A
140 4

130 A

Non-drinkers

21201 7
T

[ = = = Drinkers
€110 4

100 A

80 1

70 T T T T r T

120
T

60 65 70 75 80 85 90
Age (years)

that alcohol consumption in postmenopausal women is especially
associated with higher serum levels of dehydroepiandrosterone
sulphate (DHEAS) and testoterone [23,24], both of which have been
shown to be associated with a higher incidence of hypertension and
greater longitudinal increase in BP in postmenopausal women [25].
Alcohol consumption may therefore contribute to exacerbating
estrogen/androgen imbalances, and changes that favor an increases
in androgens and lead to the activation of the renin-angiotensin
system (RAS) are among the potential mechanisms responsible for
postmenopausal hypertension [26].

In our study, the hypertensive effect of alcohol drinking was
confined to non-obese women. After menopause, the main source
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Fig. 5. Estimated age-related trends of systolic and diastolic blood pressure among €4 carriers (&3/4, €4/4), stratified on the basis of alcohol drinking habits and obesity.
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of circulating estrogen is the aromatization of androgen precur-
sors to estrogen in adipose tissue [27]. Fatter women have higher
levels of aromatase, and so obese postmenopausal women have
higher estrogen levels than lean postmenopausal women [28]. It is
therefore likely that the estrogen/androgen balance in obese post-
menopausal women tends to remain preserved. On the other hand,
it is also possible that our BMI cut-off value (<27 kg/m?2) defines a
group of women who prevalently drink outside meals, and it has
been found that this pattern of drinking has a significant effect on
hypertension risk, regardless of the amount of alcohol consumed
[29].

Alcohol drinking was associated with high systolic and dia-
stolic BP levels in the younger women with the £3/3 genotype,
and in the older &4 carriers. The mechanisms underlying these
age-genotype interactions are unclear, but it is possible that the
typical hormonal changes associated with menopause (particu-
larly the decrease in estrogen levels) is delayed in €4 carriers. This
hypothesis is supported by the observation that age at natural
menopause was higher in the &4 carriers than in the £3/3 group
(p value of the non-parametric equality-of-medians test=0.023;
data not shown). The relationship between ApoE genotype and
age at natural menopause, which was older in the &4 carriers
than non-carriers, has also been observed in other populations
[30].

Although the limited size of the groups precludes further con-
clusions, it is interesting to note that the patterns of variation
in systolic and diastolic BP levels in our postmenopausal women
with the £2/3 genotype and the obese women in the other two
genotype groups were somewhat similar, and suggest that alco-
hol consumption tends to be associated with a greater increase
in pulse pressure. Hypertriglyceridemia is a common trait linking
these three groups of women (data not shown) in whom it is pos-
sible that alcohol drinking activates non-hormonal, inflammatory
and/or oxidative stress pathways, and leads to impaired arterial
compliance (see discussion and references in our previous paper

[11]).
4.1. Conclusion

In non-obese postmenopausal women, alcohol consumption is
associated with systolic and diastolic hypertension, early in those
with the £€3/3 ApoE genotype and late in the €4 carriers. We hypoth-
esize that the effect of alcohol may be mediated by increased
androgen levels that change estrogen/androgen ratios and lead to
activation of the RAS, and that the observed age-genotype inter-
action may be due to the influence of the ApoE genotype on age
at natural menopause. A better understanding of the mechanisms
inducing hypertension in postmenopausal women may lead to bet-
ter preventive options.
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