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Introduction

THE INITIAL INTEREST in coronary heart disease research in the 1950s centered
primarily on men because of its emergence as a major cause of morbidity
and mortality in men around middle age. In women, the incidence of coronary
heart disease is low at younger age and increases after middle age, though the
occurrence remains lower in women than in men at all ages. The fact that car-
diovascular disease is the major cause of morbidity and mortality in women has
been recognized already for many years and the last decade much effort has
been put in describing and studying cardiovascular disease in women. Despite
the research that has been carried out on the differences in cardiovascular dis-
ease between the sexes, the gender gap in coronary heart disease occurrence is
not completely understood until now.!

The work presented in this thesis aims at gaining insight into gender specific
issues of cardiovascular disease and the cause of the rising incidence of cardio-
vascular disease in women after middle age by studying putative endocrine and
metabolic risk factors. Data from various population-based studies were used to
study these issues.

In chapter 2, studies on classical cardiovascular disease risk factors attenu-
ating the female advantage with regard to cardiovascular disease occurrence
are presented. Chapter 3 contains studies on sex specific determinants of cardio-
vascular disease with a focus on sex steroids. In chapter 4, studies on alterna-
tive endocrine cardiovascular disease risk factors in postmenopausal women
are described. In chapter 5, the results described in this thesis are placed in a
broader context, some methodological considerations are discussed, and views
on further research regarding gender specific issues of cardiovascular disease
are put forward.
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Chapter 2.1

ABSTRACT

Background: The association between body mass and cardiovascular disease is weaker
among smokers, which is generally ascribed to the weight-lowering effect of smoking. An
alternative explanation is that the atherogenic effects of smoking may be different among
subjects with lower compared with those with higher body weight. We studied whether body
mass modifies the association between cigarette smoking and progression of aortic athero-
sclerosis in postmencpausal women.

Methods: In 1680 posimenopausal women {mean age 65.5 years, SD = 6.7 years) participat-
ing in the population-based Rotterdam Study, complete data on smoking habits, body mass
index (BMI}, and aortic atherosclerosis at baseline and after a mean follow-up period of 6.5
years {(SD % 0.5 years) were available. Aortic atherosclerosis was assessed by radiographic
detection of calcified deposits in the abdominal aorta, which have been shown to reflect inti-
mal atherosclerosis. Data were analyzed by logistic regression. Never-smokers were regarded
as the reference category, and analyses were adjusted for age and duraticn of follow-up.
Results: In lower-weight women (BMI < median), smoking was associated with an odds ratio
of 4.3 {95% Cl, 2.5-7.2) for any progression of aortic atherosclerosis, whereas in their higher-
weight counterparts (BM1 > median) the odds ratio was 2.1 (Cl, 1.2-3.8) {P for interaction <
0.05). The difference could not be attributed to smoking habits and multivariate adjustment
did not materially affect the results. In lower-weight women smoking > 10 cigarettes per
day, the odds ratio for moderate to severe progression of acrtic atherosclerosis was 12.9 (Cl,
5.8-28.4) as compared with a corresponding odds ratio of 3.0 (Cl, 1.4-6.3) in higher-weight
women {Pfor interaction < 0.01).

Conclusion: The association between cigarette smoking and progression of atherosclerosis
in postmenopausal women is stronger in lower-weight than in higher-weight women.These
results suggest that adipose tissue-derived estrogen may ameliorate the atherogenic effects

of smoking.
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InTRODUCTION

A high body weight is generally considered to be adversely associated with car-
diovascular disease risk."* Among smoking women, effects of body mass on
coronary heart disease? and cardiovascular mortality®* were found to be less
pronounced than among nonsmokers, and among female smokers, a positive
relation between body mass and mortality was even virtually absent.® The dilu-
tion of the association between body weight and cardiovascular disease among
smokers is often ascribed to the weight-lowering effect of smoking.® An alter-
native explanation, however, is that the atherogenic effects of smoking may
be different among subjects with lower compared with those with higher body
weight. Smoking is postulated to exert deleterious cardiovascular consequences
through antiestrogenic effects.” In postieenopausal women, ovarian estrogen
production has ceased and adipose tissue is the major source of endogenous
estrogens through peripheral conversion of adrenal androgens.®® The athero-
genic effects of smoking may therefore be antagonized by adipose tissue in post-
menopausal women. Accordingly, postimenopausal women with higher body
weight would be relatively protected against the atherosclerotic consequences
of smoking.

In postmenopausal women participating in the population-based Rotterdam
Study, we examined whether body mass modifies the association between ciga-
rette smoking and progression of aortic atherosclerosis during 6.5 years of fol-
low-up.

MEeTHODS

The Rotterdam Study

The Rotterdam Study is a population-based cohort study designed to assess
the occurrence and clarify the determinants of chronic diseases in an aging
population.? The cohort includes 3105 men and 4878 women aged 55 and over
(78% of the eligible population) living in a defined district in Rotterdam, The
Netherlands. Baseline data were collected from 1990 until 1993. The third exami-
nation phase took place from 1997 until 1999. Between the first and third exami-
nation phase 1992 persons had died, and 35 were lost to follow-up. Fifty-five
subjects were not invited for the third examination phase because they were
living outside the area, resulting in 5901 invited subjects. Of the invited subjects,
1922 men and 2875 women (81%) participated. The study was approved by the
medical ethics committee of Erasmus MC, Rotterdam, The Netherlands, and
written informed consent was obtained from all participants.
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Measurements

During a home interview at baseline and at follow-up, a trained research assis-
tant gathered information on current and past health, medication, smoking
habits, alcohol intake, and age of menopause (self-reported age of last menstrua-
tion). As an indicator of socio-economic status the highest attained level of edu-
cation was assessed. Participants were subsequently invited to visit the research
center for clinical examination. At baseline, height, weight, and waist and hip cir-
cumferences were measured while each participant was wearing indoor cloth-
ing without shoes. Body mass index (BMI, weight divided by height squared)
and waist-to-hip ratio (WHR) were computed. Two blood pressure measure-
ments were taken with a random-zero sphygmomanometer after a b-minutes
rest with the subject in sitting position, and averaged. Serum total cholesterol
and high-density lipoprotein (HDL) cholesterol levels were assessed by an auto-
mated enzymatic procedure in a nonfasting blood sample. Diabetes mellitus was
defined as the use of glucose-lowering medication or a random or post-load
serum glucose level > 11.1 mmol/l according to the World Health Organization
(WHO) criteria.!!

Aortic Atherosclerosis

At baseline and at follow-up, lateral radiographic films of the lumbar spine
(T12-51) were made from a fixed distance while the participant was seated.
Atherosclerosis was diagnosed off-line by detecting calcified deposits in the
abdominal aorta, as described previously,'>** by a technician and scored inde-
pendently of the subjects’ smoking status. Calcification was considered present
when linear densities were present in an area parallel and anterior to the lurnbar
spine (L1-L4).

Progression of atherosclerosis was defined as the occurrence of new calcifi-
cations or enlargement of the calcified area present at baseline. Baseline and
follow-up films were exarmined in pairs. The extent of progression was graded
as mild, moderate, or severe, according to the length of the new area or enlarge-
ment of the calcified area present at baseline (< 1 cm; >1 up to 2.5 cm; and > 2.5
cm, respectively). No subject showed a decrease in extent of aortic calcification.
All films were read by 1 observer who was aware of the date of the radiographs.
Before the scoring, a sample of the films was read by 2 observers simultane-
ously s0 as to reach agreement on the interpretation of the scoring protocol.
Previcusly determined interobserver agreement on progression scoring (absent
versus present) based on 758 pairs of lateral radiographic films of the lumbar
spine at our department reached a percentage of agreement of atherosclerotic
change of 88, and a x statistic of 0.74.7

The validity of radiographic assessment of aortic atherosclerosis has been
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studied by comparing results of this method with data obtained at autopsy.
Radiographic assessment was shown to be highly specific, and in most cases vis-
ible calcification represented advanced intimal atherosclerosis.!* Intimal calcifi-
cation was also shown to be clearly distinguishable from medial calcification.”

A comparison study involving computed tomography (CT) was performed at our
department. In 56 unselected elderly persons, aortic calcifications were indepen-
dently assessed by radiography and CT. Calcifications were detected on abdomi-
nal radiography in 32 subjects. In all but 1 person, these calcifications were

shown to be located in the aorta on the corresponding CT images.”

Aortic calcification is known to be associated with risk factors for cardio-
vascular disease!®!® and with atherosclerosis at other sites'® and predicts cardio-
vascular morbidity and mortality.!'™® When aortic calcification (as detected by
radiography) was compared with coronary artery calcium (as detected by elec-
tron-heam computed tomography) in 457 participants in the Rotterdam Study,
aortic calcification was present in 3.9% of participants in the lowest tertile of cor-
onary artery calcium, in 13.7% of those in the middle tertile of coronary artery
calcium, and in 31.5% of those in the highest tertile of coronary artery calcium
(P for trend < 0.001, adjusted for age and sex).

Population for analysis

In the Rotterdam Study, 4865 women were postmenopausal at baseline. Of these,
4229 women visited the research center. Because of logistic reasons, a radio-
graph of the lumbar spine was unavailable at baseline for 870 women. For 75
wornen, calcification of the posterior wall of the abdominal aorta could not
be evaluated because the aorta was not clearly depicted on the radiograph.
Information on smoking habits or BMI was missing for 31 and 25 women, respec-
tively, resulting in 3228 women to be included in the analysis of aortic athero-
sclerosis at baseline.

Of the 2875 women participating at follow-up, 2864 were postmenopausal
at baseline. Of these, 2276 women visited the research center both at baseline
and at follow-up. Because of logistic reasons, a radiograph of the lumbar spine
was unavailable at baseline for 415 women and at follow-up for 312 women.
Radiographs of the lumbar spine both at baseline and at follow-up were avail-
able for 1792 women. Progression of aortic atherosclerosis could not be evalu-
ated for 55 wormen because the aorta was not clearly depicted on the radiograph
at baseline or at follow-up. Information on smoking habits at baseline and at fol-
low-up and information on BMI at baseline was missing for 14, 13, and 5 women,
respectively. Twenty-five women started or re-started smoking during follow-up,
resulting in 1680 women to be included in the analysis of progression of aortic
atherosclerosis.

11



Chapter 2.1

Statistical analysis
For current and former smokers, the number of packyears smoked was calcu-
lated by multiplying the total number of years of smoking with the number of cig-
arettes smoked daily divided by 20. We used general linear regression analysis
to compare age-adjusted smoking habits between lower-weight (BMI < median)
and higher-weight (BMI » median) smoking wormen. Subgroups of body weight
were based on the median BMI for purpose of power. We used logistic regres-
sion analysis to compute odds ratios for the association between smoking habit
and (progression of) aortic atherosclerosis stratified by the median BMI. Never-
smokers were regarded as the reference category. The association between
smoking habit and graded progression of aortic atherosclerosis was analyzed by
using polytomous logistic regression analysis. We adjusted for age by entering
age as a continuous variable in the regression model and, if appropriate, number
of years of follow-up. In subseguent models, we additionally adjusted for WHR,
systolic blood pressure, cholesterol level, HDL cholesterol level, presence of dia-
betes mellitus (yes-no}, alcohol intake (in 4 categories: nondrinking; less than 1
glass; 1 to 2 glasses; and more than 2 glasses per day), years since menopause,
ever use of hormone replacement therapy (yes-no}, and education level (in 4
categories: primary education; lower general educatiow/lower vocational educa-
tion; intermediate vocational education; and higher education/university). For
lacking data on categorical confounders missing value indicators were used.”
To test for effect modification, we added a cross-product term representing the
interaction between BMI (below, equal to or above) and smoking habit in the
described models.

We considered 2-sided probability values < 0.05 to be statistically significant.
SPSS 10.0 for Windows (SPSS Inc., Chicago, Illinois) was used for all analyses.

Resvirs

Baseline characteristics of the study population are shown in Table 1. In the
3228 women available for analysis at baseline, age ranged from 55.0 to 94.5
years, with a mean of 68.1 years. In the 1680 subjects available for analysis
during follow-up, age ranged from 55.0 to 88.8 years, with a mean age of 65.6
years at baseline. The median BMI was 26.3 kg/m? in all subjects at baseline and
26.0 kg/m? in subjects available for analysis during follow-up. The mean body
weight of the women available for analysis of progression of atherosclerosis
was 70.2 kg (Standard Deviation [SD] + 10.8 kg) at baseline and 70.5 kg {(SD =
11.9 kg) at follow-up. Seventy-six percent of these women (n=1251) kept stable
weight (= b kg) during follow-up. At baseline, 6256 women (19%) were current

12
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Table 1. Baseline characteristics of the study population

Subjects for analysis Subjects for analysis
at baseline during follow-up
(n=3228)* (n=1680)T
Characteristic Mean + SD Mean + SD
Age,y 68.1 1 8.1 656 + 6.7
Height, m 1.62 =+ 0.06 1.63 -+ 0.06
Weight, kg 700 + 111 702 + 108
Body mass index (BMI), kg/m* 268 + 40 265 4+ 39
Waist-to-hip ratio (WHR), cm/cm 087 + 009 086 + 0.09
Systolic blood pressure, mmHg 139 + 22 135 + 21
Diastolic blood pressure, mmHg 74 + 1 73+ 1
Total cholesterol, mmol/L 69 + 1.2 69 + 1.2
HDL cholesteral, mmol/L 15 + 04 15 + 04
Time since menopause, y 191 + 85 167 + 83
Percentage Percentage
Smoking status
Current smokers 19 18
Continuing smokers$ - 13
Past smokers§ 29 35
Quitted srokers|| - 5
Never smokers 52 52
Diabetes mellitus 10 6
Alcohal drinkers 74 78
Ever use of hormone replacement therapy 13 15
Education (higher education/university) 5 5
Aortic atherosclerosis 64 58

* For some women, data were missing on WHR (n=206), blood pressure (n=43), total cholesterol level
{n=26), HDL cholesterol level {n=30), time since menopause (n=84}, diabetes meilitus (n=89), alcohol
drinking (n=401), ever use of hormone replacement therapy (n=60), and education {n=11).

+ For some women, data were missing on WHR (n=55), blood prassure (n=12), total cholestero! level
{n=10}), HDL cholesterol level (n=12), time since menopause (n=27), diabetes mellitus {(n=47), alcohel
drinking (n=137), ever use of hormone replacement therapy (n=27), and education (n=3).

# Subjects who continued smoking during follow-up (using follow-up information).

§ Subjects who stopped smoking before the baseline examination.

|} Subjects who stopped smoking during foliow-up (using follow-up information).

cigarette smokers and 1670 subjects (52%) had never smoked. At the follow-up
examination, 217 women (13%) turned out to have continued smoking during
follow-up and 873 women (52%) had never smoked. Aortic atherosclerosis was
present at baseline in 2066 women (64%). Of the women available for analysis
during follow-up, aortic atherosclerosis was present at baseline in 58% (n=969)
and in 69% of the women (n=11563) progression of aortic atherosclerosis was
detected during follow-up.

Smoking, BMI, and aortic atherosclerosis
Number of cigarettes smoked per day, age at starting of smoking, and pack

13



Chapter 2.1

Tabie 2A. Baseline smoking habits in current smokers according to body mass index (BMI}

Current smokers
(n=625)
BMI < 26 kg/m’ BMI = 26 kg/m’
(n=367) {n=258)
No. of cigarettes per day 142 + 04 133 + 05
Age of starting, y 222 X 05 23.0 £ 0.6
Packyears of smoking, y 293 £ 1.0 269 £ 1.1
Inkhaling, % 77 62*

Values are age-adjusted means £ SE or percentages.
*P < 0.01 relative to BMI < 26 kg/m”,

Table 28, Baseline smoking habits in continuing smokers during follow-up according to body
mass index (BMI}

Continuing smokers

(n=217)
BMI < 26 kg/m’ 8MI 2 26 kg/m’
{n=138) (n=7%}
No. of cigarettes per day 14,6 £ 0.6 144 £ 08
Age of starting, y 219 + 0.7 219+ 09
Packyears of smoking, y 288 + 14 289 + 18
Inhaling, % 76 68

Values are age-adjusted means + SE or percentages.

years of smoking did not differ between lower-weight (BMI < median) and
higher-weight {BMI > median) smoking women, but a higher proportion of
lower-weight women reported inhalation of cigarette smoke (Table 2A). In
lower-weight women, smoking was associated with an odds ratio of 4.4 (95%
Confidence Interval {CI], 3.2-6.1) for aortic atherosclerosis, whereas in their
higher-weight counterparts an odds ratio of 2.1 (CI, 1.5-2.9) was found relative
to never-smokers (Table 3A). The formal test for interaction reached a P value
of 0.004. Multivariate adjustment did not materially affect the results (£ value
for interaction unchanged).

Smoking, BMI, and progression of aortic atherosclerosis

Among continuing smokers, smoking habits at baseline did not differ between
lower-weight and higher-weight women (Table 2B). During 6.5 years (SD = 0.5
years) of follow-up, odds ratios for progression of aortic atherosclerosis in

14
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Table 3A. Aortic atherosclerosis at baseline according to smoking status and body mass
index (BMI)

Never-smokers Current smokers
(n=1670) {n=625)
BMI < 26 kg/m2 Atherosclerosis, % (n} 57% (447) 75% (276)
Qdds ratio (95% CI)* 1 {reference) 44(3.2:;6.1)
Qdds ratio (25% Cl)+ 1 {reference) 36(2.5;52)
BMI > 36 kg/m” Atherosclerosis, % (n) 65% (577) 70% (180)
Qdds ratio (95% Cl}* 1 {reference) 2.1(1.5;2.9
Odds ratio (95% Cht 1 {reference) 1.8(1.3;2.7)

* Adjusted for age.

t Adjusted for age, walst-to-hip ratio, systolic blood pressure, cholesterol level, HDL cholesterol level,
diabetes mellitus (yes-no), alcohol intake (4 categories), years since menopause, ever use of hormone
replacement therapy (ves-no), and education (4 categories).

Table 3B. Progression of aortic atheresclerosis during follow-up according to smoking status
and body mass index (BMI}

Never-smokers Continuing smokers
{n=873) (n=217)
BMI < 26 kg/m® Progression, % (n) 64% (269) 84% (116)
Qdds ratic {95% CI)* 1 {reference) 43(25;7.2)
Odds ratic (95% Clyt 1 {reference) 3.7(2.1:6.8
BMI = 26 kg/m’ Progression, % {(n} 68% (311) 76% (60)
Odds ratio (95% CI* 1 (reference) 2.1{1.2;3.8)
QOdds ratio (95% ChHt 1 (reference) 20{1.1;3.7)

* Adjusted for age and duration of follow-up.

t Adjusted for age, duration of follaw-up, waist-to-hip ratis, systolic blood pressure, cholasterol lavel,
HDL cholesterol level, diabetes mellitus (yes-no), alcohol intake (4 categories), years since mencpause,
ever use of hormone replacement therapy {yes-na), and education {4 categories).

lower-weight and higher-weight continuing smoking women relative to never-
smokers were 4.3 (CI, 2.5-7.2) and 2.1 (CI, 1.2-3.8), respectively, adjusted for age
and duration of follow-up. The test for interaction reached a P value of 0.046
{Table 3B). Multivariate adjustment did not materially affect the results (P value
for interaction=0.074). Restriction of the analysis to women with stable weight
(£ 5 kg) during follow-up (n=1281) did not substantially change the results. The
odds ratios for progression of aortic atherosclerosis in lower-weight and higher-
weight continuing smoking women relative to never-smokers with stable weight
during follow-up were 4.2 (CI, 2.3-7.4) and 2.0 {CI, 1.0-4.2), respectively, adjusted
for age and duration of follow-up (P value for interaction=0.065).

When smoking and progression of aortic atherosclerosis were divided into
categories, lower-weight continuing cigarette smoking women who smoked = 10

15
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Table 4. Graded progression of aortic atherosclerosis during follow-up according to smoking status and body mass index {BMI), stratified by number

of cigarettes smoked

Never-smokers

Continuing smokers*

_ 1-9 cig/day 10-19 cig/day >20 cig/day
(n=873) (n=55) (n=91) (n=68)
Mild progression
BMI < 26 kg/m* Progression, % {n} 34% (140) 25% (8) 32%(20) 45% (19)
Qdds ratio {95% CI)T 1 (reference} 0.81(0.3;2.1) 54(2.0;15.0) 6.9(2.2;21.3}
BMI = 26 kg/m’ Progreassion, % (n} 339%(151) 26% (6) 31%(9) 27% (7}
Odds ratio (95% Clit 1 (reference) 1.3{0.4;456) 1.6(0.6;4.3) 1.3(04;4.2)
Moderate progression
BM < 26 kg/m”® Progression, % (n) 24% (102 31% (10} 52% (32) 36% (15)
Odds ratio (95% Cl)+ 1 {reference} 2.1{0.8;5.4) 14.8{5.4,;40.9) 11.1{3.4;36.4)
BMI = 26 kg/m’ Progression, % (n) 29% (133) 35% (8) 38% (1%} 46% (12}
Odds ratio (95% Ci)t 1 (reference) 2.2(07;7.3) 2.8(0.9;8.0} 41(1.4;:12.0)
Severe progression
BM! < 26 kg/m’ Progression, % {n) 7% (27) 6% (2) 8% (5) 10% (4}
Odds ratic {95% CI)t 1 (reference} 1.8{0.3;9.1) 89(2.1;36.9) 11.7(2.3,58.7)
BMI = 26 kg/m* Progression, % {n} 6% (27} 17% (4) 3% (1) 4% (1)
Odds ratio (95% Ci)t 1 (reference) 4.5(1.1;18.9) 1.2(0.1;11.2) 1.3(0.1;11.5)

Percentages and number of subjects with mild, moderate, and severe progression of aortic atherosclerosis add up to any pragression of aartic atherosclerosis

{palytomeaus legistic regression model),
* Due to missing data on number of cigarettes smoked per day 3 subjects ceuld not be categorized accordingly.

t Adjusted for age and duration of foflow-up.
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BM| < 26 kg/m®

- o | (] BMI= 26 ky/m?

=20
severe 10-19
moderate
Progression of aortic atherosclerosis Cigarettes per day

Figure. Odds ratios for graded progression of aortic atherosclerosis during follow-up accord-
ing to number of cigarettes smoked and body mass index {BMI) among continuing smokers
relative to never-smokers, adjusted for age and duration of follow-up {see Table 4 for data)

cigarettes per day tended to reach higher odds ratios for progression of aortic
atherosclerosis than their higher-weight counterparts relative to never-smokers
(Table 4 and Figure). Aggregated results showed that in lowerweight women
smoking > 10 cigarettes per day, an odds ratio for moderate to severe progres-
sion of aortic atherosclerosts of 12.9 (CI, 5.8-28.4) was computed, whereas in
higherweight women smoking an equal amount of cigarettes the odds ratio was
3.0 (CI, 1.4-6.3) {F value for interaction=0.003).

In 478 past smokers, information on time since smoking cessation was avail-
able. In past smokers quitted less than 5 years ago (n=45), the odds ratio for
progression of aortic atherosclerosis among lower-weight women was 3.2 {CI,
0.9-11.7), whereas in higherweight women an odds ratio of 1.7 (CI, 0.7-4.1)
was computed, adjusted for age and duration of follow-up. Corresponding odds
ratios for past smokers who quitted 5 to 10 years ago (n=49) were 2.1 ((I,
0.9-5.0) and 1.1 (CI, 0.4-3.0), respectively. In past smokers quitted more than 10
years ago (n=384), no association between smoking and progression of aortic
atherosclerosis was found.

When we based subgroups on the median body weight instead of the median
BMI results did not materially change.
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Discussion

Our results indicate that the association between cigarette smoking and progres-
sion of atherosclerosis in postmenopausal women is stronger in lower-weight
than in higher-weight women. These results suggest that adipose tissue-derived
estrogen may ameliorate the atherogenic effects of smoking.

When interpreting our results, some methodological issues should be taken
into account. The first concerns the design of the study. Our population-based
follow-up study provided insight into the effect of body mass on the association
between smoking and progression of atherosclerosis that was not influenced
by the disease status. Information on progression of aortic atherosclerosis was
available only for women who visited the research center both at baseline and at
follow-up. Selection bias would be present when the association between smok-
ing and progression of aortic atherosclerosis is modified by body mass differ-
ently among women with or without the availability of follow-up information,
which seems unlikely. We measured aortic atherosclerosis radiographically by
detecting calcified deposits in the abdominal aorta. A high level of body fat may
hamper the radiographic detection of calcification and because of that the detec-
tion of progression of atherosclerosis may be underestimated in obese subjects.
However, this would not have affected the results differently across smoking
categories and therefore the observed interaction remains valid.

Second, we need to consider potential confounding factors. In our popula-
tion, a higher proportion of lower-weight smoking women reported inhalation
of cigarette smoke. Although differences were small, the possibility of residual
confounding by smoking habits has to be considered, particularly since severe
smokers may be inclined to underreport their smoking habits. However, the
association between smoling rate and body weight is curviliniear, indicating that
heavy smokers have generally higher body weights than moderate smokers.?
Therefore, it is unlikely that confounding by amount of smoking induced the
more pronounced association between smoking and progression of atheroscle-
rosis in lower-weight wornen. Furthermore, we have to consider the possibility
that weight loss or increase in weight rather than weight itself modifies the asso-
ciation between smoking and progression of aortic atherosclerosis. Restricting
our analysis to subjects who kept stable weight (+ 5 kg) during follow-up, how-
ever, did not affect the results.

A general issue we have to keep in mind is the fact that aortic atherosclerosis
and progression of aortic atherosclerosis were observed in a high percentage
of subjects (64% and 69%, respectively). Therefore, the odds ratios as derived
from logistic regression analysis are overestimates of the corresponding rela-
tive risks. However, this does not influence the comparison of estimates across
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strata of body weight. A next issue concerns the generalizahility of our results.
We consider aortic atherosclerosis to be a measure of generalized atherosclero-
sis. It is possible, however, that the aorta is more vulnerable to the effects of
smoking and potential modifying effects of body mass than other arteries. Yet,
the fact that aortic atherosclerosis is associated with an up to 89-times increased
risk of ischemic stroke?® is indicative of its importance in relation to cardiovas-
cular disease.

In our study, effects of smoking on progression of aortic atherosclerosis dis-
appeared after 5 years of cessation in higher-weight women, whereas in lower-
weight women effects were detectable up to 10 years after smoking cessation.
There is evidence of increases in body welght in women after they stop smok-
ing,®% therefore body weight, and consequently BMI, as assessed at baseline
may be higher than body weight during the preceding smoking period. However,
this misclassification of body weight would only have led us to underestimate
the observed effect modification.

It has been shown that lean postmenopausal women are at increased car-
diovascular disease mortality risk, possibly due to lower levels of adipose
tissue-derived estrogen.? In this study,® no data were available on smoking.
Our data suggest that differences would be more pronounced if associations
were observed among smokers. Estrogen mediated effects of body mass among
female postmenopausal smokers are also supported by findings in other estro-
gen related diseases. In postmenopausal smoking women, bone loss was much
less pronounced in obese than in slender women,® and in postmenopausal
women, the risk-enhancing effect of body weight for endometrial cancer was
absent among smokers.?®

Antiestrogenic effects of smoking in women are supported by the observa-
tions that relative to nonsmoking women, women who smoke have an earlier
menopause,-* a decreased risk of cancer of the endometrium,® a greater
likelihood of osteoporosis® and osteoporotic hip fractures,® and attain lower
levels of estrogen after exogenous estrogen therapy.®® The mechanism underly-
ing anti-estrogenic effects of smoking are not clear.” It is unlikely that smoking-
related changes in estrogen levels can explain these effects, since smoking is
not related to estrogen levels.”* Smoking, however, appears to alter the metabo-
lism of estrogens. It has been shown that compared with female nonsmokers,
women who smoked had a higher rate of 2-hydroxylation of estradiol, leading
to decreased formation of active estrogen metabolites.® These findings could
indicate that nonsmokers have more circulating active estrogen than smokers.
Decreased estrogenic activity in postmenopausal smokers may also result from
increased estrogen-protein binding.* Furthermore, the pro-androgenic effects
of smoking in postmenopausal women® may be counterregulated by body mass,
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possibly through its capacity for peripheral aromatization to estrogen.

In summary, we observed that the association between cigarette smoking
and progression of atherosclerosis in postmenopausal women is stronger in
lower-weight than in higher-weight women. Our resuits are in agreement with
data showing that lower-weight older women are at increased cardiovascular
disease mortality risk® and indicate that adipose tissue-derived estrogen may
amelicrate the atherogenic effects of smoking. They warrant attention for the
potential effect of endogenous estrogen in postmenopausal women.
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ABSTRACT

Obesity, the insulin resistance syndrome, and atherosclerosis are closely linked and may all be
determinants of an increased acute-phase response. In this study, we examined the relation-
ship of C-reactive protein {CRP) with measures of obesity, variables of the insulin resistance
syndrome, and intima-media thickness of the cammon carotid arteries in 186 healthy, middle-
aged women selected from the general popuiation. Associations were assessed by regression
analysis. CRP was strongly asscciated with body mass index (BMI} and waist circumference.
CRP was also associated with other variables of the insulin resistance syndrome, including
blood pressure, insulin, high-density lipoprotein cholesterol, triglycerides, apolipoprotein Al
{inversely), plasminogen activator inhibitor-1 antigen, and tissue-type plasminogen activator
antigen. Associations between CRP and the variables of the insulin resistance syndrome dis-
appeared after controlling for BMI but remained significant for plasminogen activator inhib-
itor-1 antigen. The association of CRP with common carotid artery intima-media thickness
was weak and limited to ever-smckers. BMI explained 22.7% of the variance of CRP. whereas
common carotid artery intima-media thickness explained only 3.7%.The results of this popu-
lation-based study indicate that adiposity is stroengly associated with CRP in healthy, middle-
aged women. In this population, BMI accounted for the relationship between CRP and other

variables of the insulin resistance syndrome. Further studies shoutd determine whether losing
weight amelicrates the inflammatory state.
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INTRODUCTION

Recent data suggest that inflaramation is involved in atherogenesis.}? C-reactive
protein (CRP), a major acute-phase protein, has been associated with the pres-
ence and severity of atherosclerosis® and has been found to predict cardiac
events in subjects with®® and without™ prevalent cardiovascular disease. Raised
concentrations of inflammatory mediators may reflect inflammation in the arte-
rial wall associated with atherosclerosis but may also be causally involved in
the disease process.'%!! Sources of inflammation include infections'®? and smok-
ing.?® Moreover, levels of obesity have been shown to be associated with low-
grade inflammation.®

Recent data also indicate that the insulin resistance syndrome is accompa-
nied by an increased acute-phase response.'®” A link between the insulin resis-
tance syndrome and the inflammatory state is further suggested by increased
levels of the acute-phase proteins plasminogen activator inhibitor-1 (PAI-1) and
fibrinogen in the insulin resistance syndrome™# and by the finding that dyslipid-
emia in the insulin resistance syndrome and during the acute phase response
show strong similarities. 2

Obesity, the insulin resistance syndrome, and atherosclerotic disease are
closely linked and may all be determinants of an increased acute-phase response.
However, it is not clear whether these factors are independently associated with
the inflammatory state. Previous studies on associations between CRP level as
a measure of inflammation and cardiovascular risk factors were conducted in
middle-aged men and elderly men and women, all of whom are at relatively high
risk of atherosclerosis.'#¢ Atherosclerosis and smoking are potential sources of
inflammation and possibly obscure the relation of CRP with other risk factors.

In the present study, we investigated the relationship between CRP and mea-
sures of obesity, the insulin resistance syndrome, and subclinical atheroscle-
Tosis in a population of healthy, middle-aged women with a low exposure to
tobacco smoke.

MzTuHoDS

Study population

We studied a population of 186 women, aged 43-55 years, selected from the gen-
eral population and participating in a study on the cardiovascular effects of
natural menopause. Women were selected from respondents to a mailed ques-
tionnaire about menopause, which was sent to all women aged 40 to 60 vears
living in the town of Zoetermeer, The Netherlands (n=12,675). Women were con-
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sidered premenopausal if they had experienced 1 or more regular bleeding epi-
sodes in the past 12 months and were free from climacteric symptoms, defined
as perspiration and/or hot flushes. Women were considered postmenopausal if
their menses had ceased naturally for at least 12 months, Exclusion criteria
were diabetes mellitus, prevalent clinical cardiovascular disease, and use of anti-
hypertensive medication or cholestercl-lowering drugs. Women reporting use of
female hormones (hormone replacement therapy or oral contraceptives) within
6 months before the clinical examination were excluded, as were subjects cur-
rently smoking b or more cigarettes per day. Of the eligible subjects, 93 premeno-
pausal and 93 post-menopausal age-matched women were selected (response
rate 76% of eligible and invited women). All women gave written informed
consent, and the study was approved by the medical ethics committee of the
Erasmus University Medical School.

Measurements

During a visit at the research center, a medical history was taken by a physician.
Height, weight, and waist and hip circumferences were measured while the sub-
jects wore indoor clothes without shoes. Body mass index (BMI, weight divided
by height squared) and waist-to-hip ratic (WHR) were computed. Cigarette
smoking history was obtained by a standardized questionnaire. Blood pressure
was assessed with a DINAMAP automatic blood pressure recorder (Critikon,
Inc.). After a -minutes rest in the supine position, blood pressure was measured
4 times at the right upper arm with an appropriately sized cuff, and the mean
was used in the analyses.

Venous blood samples were drawn from each subject after a 12-hour fast.
The samples were stored at -80°C. Total cholesterol was measured with an
automated enzymatic method using the CHOD-PAP high performance reagent
kit from Boehringer Mannheim. High-density lipoprotein (HDL) cholesterol
was measured by the phosphotungstate method. Low-density lipoprotein (LDL)
cholesterol was computed by the Friedewald formula.® Trigiycerides were
determined by using a reagent kit from Boehringer Mannheim after enzymatic
hydrolysis of the triglycerides and subsequent determination of liberated
glycerocl by colorimetry. No correction was made for serum free glycerol
Apolipoproteins Al and B were measured by an automated turbidimetric imumu-
noassay using the reagent kits from Crion Diagnostics. Glucose was enzymati-
cally determined by the hexokinase method (Jnstruchemie). Serum insulin was
determined by metric assay (Biosource Diagnostics). This assay has no cross-
reactivity with either proinsulin or C-peptide. PAI-1 antigen and tissue-type plas-
minogen activator (tPA) antigen levels were determined by ELISA (Innotest
PAI-1, Innogenetics NV, and Inulyse, Biopool, respectively). CRP was measured
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by an in-house ELISA with rabbit anti-CRP (Dako) as the catching and tagging
antibody.® Intraassay and interassay coefficients of variation for CRP were 3.8%
and 4.7%, respectively. Fasting insulin levels were used as a measure of insulin
resistance.?® In addition, insulin sensitivity was calculated according to the for-
mula of the homeostasis model assessment method (HOMA): insulin resistance
= fasting insulin x fasting glucose / 22.5.%7

Carotid artery intima-media thickness (IMT)

Common carotid artery IMT was used as an indicator of generalized atheroscle-
rosis.®® Ultrasonography of the right common carotid artery was performed with
a 7.5-MHz linear array transducer (ATL UltraMark IV) as described in detail pre-
viously.® For each individual, the common carotid artery IMT was determined
as the average of near- and far-wall measurements. Carotid artery IMT measure-
ments have been shown te be reproducible.® In short, mean differences {and
SDs) in far-wall IMT of the common carotid arteries between paired measure-
ments of sonographers, readers, and visists were 0.040 mm (0.07), 0.069 mm
{0.04), and 0.071 mm {0.09), respectively. The intraclass correlation coefficients
were (.63, 0.88, and (.74, respectively. These results are in agreement with the
reproducibility of IMT measurements found in other studies.? In the present
study, all measurements were conducted by 1 sonographer and 1 reader.

Statistical analysis

The clinical and biochemical features of the population are presented as mean =
SD, median (and interquartile range) for variables with a skewed distribution, or
percentages. Because the distribution of CRP was highly skewed, it was natural-
log-transformed for all analyses. The strength of the associations between CRP
and clinical and biochemical variables was assessed by linear regression of In
CRP on each variable separately, adjusted for age. Because strong associations
were found between CRP and measures of obesity, we adjusted for them in addi-
tional models. Regression analysis was further used to estimate the explained
proportion of variance in CRP (E®). The difference in CRP between premeno-
pausal and postmenopausal women adjusted for age and measures of obesity
was studied with regression analysis. We considered 2-sided probability values
< .05 to be statistically significant. SPSS 7.5 for Windows was used for all analy-
ses.

REesuLTs
Characteristics of the population are described in Table 1. BMI ranged from 16.8
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to 41.1 kg/m?, 42 subjects had a BMI » 27 kg/m® CRP varied from 0.05 to 14.38
mg/L; 2 subjects had values > 10 mg/L (10.70 and 14.38 mg/1.), the cutpoint gen-
erally used to identify clinically relevant inflammation.® Fasting insulin levels
ranged from 18 to 232 pmoV/L. Common carotid artery IMT ranged from 0.43 to
0.97 mm.

CRP was significantly associated with measures of obesity: BMI, waist and
hip circumferences, and WHR (Table 2). Associations with CRP were stronger
for BMI and waist and hip circamferences than for WHR (r=0.54 for BMI, r=0.55
for waist circumference, r=0.53 for hip circumference, and r=0.33 for WHR, all
adjusted for age). After adjustment for BMI, hip circumference and WHR were
no longer asscciated with CRP, whereas waist circumference still was. We next
visualized this relationship between BMI, WHR, and CRFP by subdividing the

Tabie 1. Clinical and biochemical characteristics of 186 middle-aged women

Variable All subjects
Age,y 502 %23
Body mass index (BMI), kg/m’ 249 4+ 40
Waist circumference, cm 815 + 95
Hip circumference, cm 1057 + 86
Waist-to-hip ratio (WHR), cm/cm 0.77 + 0.05
Smoking status, %

Never 53.2

Past 40.3

Current® 6.5
Systolic blood pressure, mmbg 127 £+ 14
Diastolic blood pressure, mmHg 68 4+ 10
Hypertension, %t 22
Glucose, mmol/l 55 + 06
Insulin, picomol/LE 440 (32.0-59.0)
HOMA, picomol x mmaol/L’t, § 108 (7.7-15.5)
Total cholesterol, mmol/L 62 + 1.0
HDL cholestercl, mmol/L 16 +04
LDL cholesterol, mmol/L 41 + 09
Triglycerides, mmol/L#, 1| 1.0 (0.8-1.3)
Apolipoprotein A1, mg/dL 1545 + 316
Apolipoprotein B, mg/dL 102.0 + 263
PAI-1 antigen, ng/mlL¥ 53.0 (340-853)
tPA antigen, ng/mL 63 + 24
C-reactive protein {CRP), mg/L# 0.68 (033-1.44)
Common carotid artery IMT, mm 0.61 + 0.09

Data are mean + S0, median (interquartile range) for variables with skewed distributions, or percentages.
* Subjects who smoked 5 or more cigarettes per day were excluded from study participation.

+ Hypertensian was defined as systolic blood pressure > 160 mmHg and/or diastolic blood pressure > 95
mmHg.

+ Skewed data.

§ HOMA = fasting insulin x fasting glucose / 22.5.

|| Highest level of trighycerides was 3.80 mmol/L.
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study population by the median BMI (23.9 kg/m®) and WHR (0.77) (Figure, geo-
metric means). BMI explained 29.7% of the variance of CRP; waist circumfer-
ence 31.3%; hip circumference 28.7%; and WHR 11.4%, after adjustment for age.

The other variables included in or associated with the insulin resistance syn-
drome were also significantly associated with CRP: blood pressure, insulin, HDL
cholesterol, triglycerides, apolipoprotein Al (inversely), PAL-1 antigen, and tPA
antigen (Table 3). No associations were found with glucose or with total and
L.DL cholesterol, whereas an association with apolipoprotein B was present.
Separate analyses after exclusion of subjects with levels of CRP > 10 mg/L did
not affect the results {data not shown).

After controlling for BMI, the associations between CRP and variables of the
insulin resistance syndrome disappeared except for the association with PAI-1

Table 2. Regression coefficients® for In C-reactive protein {CRP) as the dependent variable
and measures of obesity as independent variables in 186 women

Adjusted for age Adjusted for age & BMI
B (95% Cl) p* (95% C)
Body mass index {BMI), 1 kg/m’ 014t (0.11;0.18) - -
Waist circumference, 10 cm 062t (0.48;0.75) 0.39F .11 ;0867
Hip circumference, 10 ¢cm 065t  (0.50;0.80) 0.29 (-0.051;067)
Waist-to-hip ratio (WHR), .05 0.34% (0.20;0.49) 0.12 {(-0.021,;0.26)

B indicates regression coefficient; an increase of the independent variable by 1 unit is associated with
an increase of CRP by a factor of &P,
Regressian significant at the #0.01 and 10.001 levels, respectively (all 2-tailed).

1,2 1

0,8
O WHR = median
O WHR > median

0,6

0,38

0,4 4

C-reactive protein (mgfL)

0,2 4

BMI = median B > median

Figure. Levels of C-reactive protein (mg/L) according to body mass index (BMI) and waist-to-
hip ratio (WHR) in 186 women.Values are gecmetric means.
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Table 3. Regression coefficients® for In C-reactive protein {CRP) as the dependent variable
and clinical and biochemical characteristics as independent variables in 186 women

Adjusted for age Adjusted for age & 8M|
B (85% Cl) p* (95% CI)

Systolic bloed pressure, 10 mmHg 0.16% (0.057;027 0.025 {-0.071;0.12)
Diastolic blood pressure, 10 mmHg 0.20t {0.043;0.35) 0.029 (-0.11 ;017
Glucose, 1 mmoi/L 0.23 (-0.055;0.51) -0.069 (-0.32 ;0.18)
Insulin, 10 picomaol/L 011+ (0.057;0.16) 0.024 (-0025;0074)
HOMA, 5 picomol x mmol/L’§ 0.18% (0.089;0.26) 0.028 (-0.058;0.12)
Cholesterol, 1 mmaol/L 0.1 (-0.045:0.26) 0.080 (-0.050;0.21)
HDL cholesterol, ¢.5 mmol/L -0.37% {-0.56;-0.17y -0.082 (-0.28 ;0.093)
LDL cholestero!, T mmol/L 0.15 {-0.020,;0.3M) 0,080 (-0.051;0.23)
Triglycerides, T mmol/L 0.64% (0.38;0.90) .23 (-0.027;049)
Apolipoprotein A1, 10 mg/dL -0.063|| (0.11;-0015) -0.027 {-0.068:0.015)
Apolipopratein B, 10 mg/dL 0.078|| {0.021;0.14) 0.029 (-0.022;0.080)
PAI-1 antigen, 1 ng/mL# 0.65% (0.45,0.84) 030|] (0.082;0.571)
tPA antigen, 1 ng/mL 0134 (0.067;0.19) 0.052 (-0.005;0.11)

BMI = body mass index.

* i indicates regression coefficient; an increase of the independent variable by 1 unit is associated with

an increase of CRP by a factor of ef.
§ HOMA = fasting insulin x fasting glucose / 22.5.

# PAI-1 was In transformed to obtain a better model-fit as assessed by residual analysis; an increase of

PAI-1 by 1% yields an increase of CRP by [%.

Regression significant at the $0.05, [|0.01 and $0.001 levels, respectively (all 2-tailed).

Tabie 4. Measures of obesity and C-reactive protein (CRP) in premenopausal and

postmenopausal women

Premencpausal Postmenopausal
(n=293) (n=93)

mean 4+ megan + SE
Age,y 506 + 024 511 + 024
Body Mass Index (BMI}, kg/m™ 247 + 041 250 + 041
Waist circumference, cm* 813 + 1.00 816 + 099
Hip circumference, cm® 1053 + 050 106.1 + 0.89
Waist-to-hip ratic (WHR), cm/cm* 0,77 + 0.005 0.77 + 0.005
C-reactive protein (CRP), mg/L*T 0.61 (0.49:0.76) 0.71 (0.58;0.88}
C-reactive protein (CRP), mg/L*t# 0.62 (0.52;074) 0.69 (0.58;0.84)

* Adjusted for age.

T Geometric means (85% i) are shown for CRP because its distribution is highly skewed.

} Adjusted for age and BMI.
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antigen, although there was a substantial decline in the magnitude of this asso-
ciation (Table 3). Controlling for waist circumference gave the same results,
whereas controlling for hip circumference decreased the described associations
to a somewhat smaller extent. Controlling for WHR, on the other hand, had only
a small influence on the described associations (data not shown}. To evaluate
whether the clustering of variables belonging to the insulin resistance syndrome
might be a reflection of a general acute-phase response, associations between
measures of insulin resistance (insulin and HOMA) and the other variables of
the insulin resistance syndrome were adjusted for CRP. This adjustment did not
modify the relation between insulin, HOMA, and the other variables (data not
shown).

Measures of obesity and CRP in premenopausal and postrenopausal women
separately are shown in Table 4. CRP did not differ significantly between pre-
menopausal and postmenopausal women. Age-adjusted geometric means were
0.61 and 0.71 mg/L. respectively (15% increase with menopause; 95% CI, -15%
to 45%). Because menopause may be associated with changes in measures of
obesity, we adjusted for these variables, which slightly influenced the results.
Postmenopausal women had an age-adjusted level of cholesterol of 6.48 mmol/L
versus b5.89 mmolL in premenopausal women (10% difference; CI, 5% to 14%).
PAI-1 antigen increased with menopause, but the difference lacked statistical
significance. In premenopausal women, the age-adjusted geometric mean of
PAI-1 antigen was b2.9 ng/ml versus 61.1 ng/ml in postmenopausal women
(13% increase with menopause; CI, -8% to 33%). Because cholesterol and PAI-
l-antigen are known to increase with menopause, these results indicate a cor-
rect selection of menopausal groups. The associations between CRP on the one
hand and both measures of obesity and other variables of the insulin resistance
syndrorae on the other were found to be identical when examined in premeno-
pausal and postmenopausal women separately (data not shown).

CRP was significantly associated with common carotid artery IMT. After
stratification by smoking status, associations between CRP and common carotid
artery IMT appeared to be present in eversmokers only (Table 5). Common
carotid artery IMT explained 3.7% of the variance of CRP after adjustment for
age.

Discussion
Our resulis indicate that in healthy, middle-aged women, CRP is strongly associ-
ated with measures of obesity. CRP was associated with BMI and waist and hip

circumnferences hut not with WHR after adjustment for BMI. CRP was also asso-
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Table 5. Regression coefficients® for In C-reactive protein (CRP) as the dependent variable and common carotid artery intima-media thickness {(IMT)
as the independent variable in 186 women according to smoking status

All subjects Ever smokers (n=87) Never smokers (n=99)
p* (95% Cl B {95% CI) 3* (95% Cl)
Adjusted for age 0021t {0.003;0.039) 0.040% {0.013;0.067) 0.004 (-0.020;0.028}
Adjusted for age & BMI 0.014 (-0.001; 0.030) 0.036+ {0.014; 0.059) -0.006 {-0.026;0.015)

BMI = body mass index.
* [l indicates regression coefficient; a 1-mm increase of commen carotid artery IMT is associated with an increase of CRP by a factor of e,

Regression significant at the 10.05 and $0.01 levels, respectively (2-tailed).

T =dey
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ciated with other variables included in the insulin resistance syndrome. After
controlling for BMI, however, the associations disappeared. Although in this
population CRP was associated with common carotid artery IMT in ever-smok-
ers, measures of obesity explained a much larger part of the variance of CRP
than did carotid artery ITMT.

One hypothesis explaining these results is that adipose tissue might be
the common antecedent of both CRP and insulin resistance. The associations
between CRP and variables of the insulin resistance syndrome may thus be
due to the association of BMI with both insulin resistance and the acute-phase
response. This idea is consistent with experimental evidence indicating that adi-
pocytes produce tumor necrosis factor (TNF)-o.*® TNF-o induces interleukin-6
(I1-6) synthesis,* a prime regulator of CRP synthesis.?>* Additional support for
this hypothesis comes from the observation that weight reduction leads to a
decrease of TNF-o mRNA expression®” and of serum levels of TNF-¢ in diabetic
subjects.?”® We found that CRP was strongly related to BMI and o waist and hip
circurnferences separately, but less to WHR. These results are compatible with
previous studies, in which BMI but not WHR was related to TNF-o expression
or TNF-o levels. ¥ However, after adjustment for BMI, waist circumference
was still related to CRP, whereas hip circumference was not. This suggests that
abdominal fat deposition is most important in inducing inflamrmation.

Associations between CRP concentrations and fasting serwm insulin concen-
trations, which persisted after adjustment for BMI, have been observed in a
population of male patients with angina pectoris.’® In addition, in healthy, mid-
dle-aged men, relationships between CRP and cardiovascular risk factors like
HDL cholesterol and triglycerides persisted after adjustment for BMIL.** One pos-
sible explanation for these discrepant results might be that the relationships
between obesity, the insulin resistance syndrome, and the acute-phase response
are different between men and women. Support for this hypothesis comes from
the observation that sex steroids influence the metabolic activity of adipose
tissue.® Additionally, the described studies differ from ours in that those sub-
jects were likely to suffer from more pronounced atherosclerosis because they
were male or suffering from angina pectoris. Atherosclerosis might have spuri-
ously induced the relation between CRP and other cardiovascular risk factors.
Because in our population women had a low burden of atherosclerosis, as esti-
mated from carotid artery IMT, the potential for confounding by atherosclerosis
in our study is less likely.

Associations between measures of insulin resistance and other variables
included in the insulin resistance syndrome were not attenuated by adjusting
for CRP levels. Therefore, our data do not suggest that the clustering of vari-
ables belonging to the insulin resistance syndrome might be a reflection of
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a general acute-phase response.’® Also, because the association between insu-
lin resistance and measures of obesity was not affected by adjustment for
CRP, our data do not support the hypothesis that adipose-tissue-derived cyto-
kines may mediate the relation between obesity and the insulin resistance syn-
drome.!7#37% However, this hypothesis encompasses a causal role for TNF-o;
therefore, this inference might have been more valid had we adjusted for TNF-¢
instead of CRP.

The selection of premenopausal and postmenopausal women is likely to be
accurate, as reflected by an age-adjusted increase of cholesterol of 10 %, which
is in agreement with other studies.*2 We did not find a clear influence of meno-
pause on CRP levels. Both age-, and age-and-BMI-adjusted levels of CRP were
slightly higher in postimenopausal (0.71 mg/1.) than in premenopausal women
(0.61 mg/L), but this 15% difference was not statistically significant. This result
can probably be attributed to the large variation of this measure. To the best of
our knowledge, no published data on the association between menopause and
CRP levels are available from others studies. Estrogen replacement therapy in
postmenopausal women has been shown to lower TNF-¢:* and acute-phase reac-
tants other than CRP* Experimental data suggest an inhibitory effect of estro-
gens on IL-G gene expression.* Recent data from the Cardiovascular Health
Study, however, suggest an increase of CRP with hormone replacement ther-
apy.* Further studies are needed to address the association between inflarnma-
tion, estrogens, and menopause.

We are the first to describe an association between CRP and common carotid
artery IMT in healthy, middle-aged women, which association was limited to
ever-smokers (Table 4). In a study by Tracy et al*® in a population of elderly
men and women, CRP was not related to internal carotid wall thickness but was
related to ankle-arm index in ever smokers only. Data from the MRFIT (Multiple
Risk Factor Intervention Trial) study also show a stronger association of CRP
with coronary heart disease deaths in middle-aged male smokers than in non-
smokers, as defined at baseline.® Taken together, these and the present data sug-
gest that CRP may mark permanent, underlying vascular damage due in part
to smoking. This may explain why the associations between inflammation and
atheroscleresis are more pronounced not only in current but also in former
smokers. In the Physicians’ Health Study, however, smoking did not modify the
relation between CRP and the risk of cardiovascular events.”

Some issues of our study need to be addressed. First, we did not measure
exposure to infectious agents such as Helicobacter pylori and Chlamydia pneu-
moniae, which may be weak determinants of CRP levels.**'" However, it appears
unlikely that exposure to these agents would confound the association between
BMI and CRP level. Second, in this study we measured atherosclerosis at only
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1 location in the vascular system. Although we assume that common carotid
artery IMT is a measure of generalized atherosclerosis,® assessment of the
degree of atherosclerosis might have been more accurate had we used measure-
ments at multiple locations. Finally, this study was conducted in healthy, middle-
aged women without clinical cardiovascular disease, no medication use, and
a low current exposure to tobacco. Smoking and atherosclerosis are potential
determinants of CRP, and therefore, the choice of our population facilitates the
investigation of other factors associated with CRP. However, in this population,
ever smoking was also found to modify the association between CRP and athero-
sclerosis.

In surmmary, our results indicate that adipose tissue is strongly associated
with CRP in healthy, middle-aged women. In this population with a low burden of
atherosclerosis and current simoking, BMI accounts for the association between
CRP and variables of the insulin resistance syndrome. Because inflammatory
mediators may be directly involved in atherogenesis, these results suggest an
important mechanism through which obesity might affect the risk of coronary
heart disease. Further studies should determine whether losing weight amelio-
rates the inflammatory siate.
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ABSTRACT

Insulin resistance, which is highly prevalent in the elderiy, is suggested to be accompanied
by an increased acute-phase response. Until now, it is unclear whether cellular adhesion mol-
ecules are involved in the clustering of insulin resistance.

In the present study, we examined the relationship of insulin resistance (measured by
postioad insulin} with lfevels of markers of inflammation and cellular adhesion molecules in a
random sample of 574 nondiabetic elderly men and women participating in the Rotterdam
Study. Associations were assessed by regression analysis, with In-insulin as the dependent vari-
able [regression coefficient (95% Cl)].

In our population, insulin was strongly and significantly (P<0.001) associated with the
markers of inflammation C-reactive protein (CRP) [1.52 (Cl, 0.96-2.08)], ¢-1-antichymotrypsin
(ACT) [1.25 (CI, 0.82-1.69)] and interleukin-6 (IL-6) [2.60 {Cl, 1.69-3.52)], adjusted for age and
gender, Associations weakened, to some extent, after additional adjustment for measures of
obesity, smoking, and cardiovascular disease. insulin was associated with the soluble intercel-
jular adhesion molecule 1 (sICAM-1} [2.22 {(§, 1.29-3.16); P<0.001], whereas no association
with the soluble vascular cell adhesion molecule 1 (sVCAM-1) was found. The strength of the
associations of insulin with CRP, ACT, IL-6, and sICAM-1, as assessed by standardized regression
coefficients, was comparable with the strength of the associations of insulin with high-density
fipoprotein cholesterol, body mass index, and waist-to-hip ratio.

The results of this population-based study indicate that low-grade inflammation and the
cellular adhesion molecule sICAM-1 are an integrai part of insulin resistance in nendiabetic
elderly. These factors may contribute to the well-known relationship between insulin resis-
tance and cardiovascular disease risk and might potentialiy become therapeutic targets in
insulin resistant subjects.
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InrtroDUCTION

The insulin resistance syndrome irnvolves clustering of several metabolic car-
diovascular disease risk factors: raised insulin, dyslipidemia, obesity, increased
abdominal fat, and hypertension.'? Insulin resistance is highly prevalent in the
elderly* and is associated with cardiovascular disease risk. Recent data suggest
that inflammation plays a crucial role in atherogenesis® and that alse insulin
resistance may be accompanied by an increased acute-phase response, both
in subjects with® and without diabetes mellitus.”® A link hetween insulin resis-
tance and the inflammatory state is further suggested by increased levels of
the acute-phase proteins plasminogen activator inhibitor-1 and fibrinogen in the
insulin resistance syndrome,>? and by the finding that dyslipidemia in the insu-
lin resistance syndrome and during the acute-phase response show strong simi-
larities. 142

Increased levels of circulating cellular adhesion molecules have been shown
among diabetic subjects, compared with nondiabetic controls.'*!* Cellular adhe-
sion molecules mediate the attachment and transmigration of leukocytes across
the endothelial surface in response to several inflamnmatory cytokines,' and are
hypothesized to play an important rele in the initiation of atherosclerosis.'® Until
now, it is unclear whether cellular adhesion molecules are involved in the clus-
tering of insulin resistance.

To further clarify whether inflammation and endothelial activation are an
integral part of the insulin resistance syndrome, we cross-sectionally examined
associations of levels of markers of inflammation and cellular adhesion mole-
cules with insulin resistance (measured by postload insulin) in a population of
nondiabetic elderly men and women participating in the Rotterdam Study.

SuUBJECTS AND METHODS

Study population

The Rotterdam Study is a population-based cohort study aiming to assess the
occurrence of chronic diseases in an aging population and to clarify their deter-
minants.!” The cohort includes 3105 men and 4878 women aged 55 years old and
older {78% of the eligible population), living in a defined district in Rotterdam,
The Netherlands. Baseline data were collected from August 1990 until July 1993.
Information on current and past health, medication, lifestyle, and risk factors
for chronic diseases was gathered during a home interview by a trained research
assistant. The participants were subsequently invited to a research center for
clinical examination. The study was approved by the medical ethics committee
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of the Erasmus Medical Center Rotterdam, Rotterdam, The Netherlands.

Levels of inflammatory markers and cellular adhesion molecules were deter-
mined in plasma in a gender-stratified random sample of 720 subjects. As part
of the Rotterdam Study, glucose metabolism was studied using a nonfasting oral
glucose tolerance test, Within the sample of 720 subjects, postload insulin levels
were available for 602 participants not prescribed glucose-lowering medication.
Because postload insulin is not considered to be a valid measure of insulin resis-
tance in diabetic subjects, subjects with newly diagnosed diabetes mellitus on
basis of postload serum glucose levels (> 11.1 mmoVL, n=28) were excluded,
leaving a population of 574 nondiabetic subjects. Given gender distribution, the
prevalence of cardiovascular disease risk factors in the 574 subjects was compa-
rable with the prevalence of these risk factors in the total nondiabetic popula-
tion of the Rotterdam Study.

Clinical examination and laboratory methods

Height, weight, and waist and hip circuamferences were measured while the
study participants wore indoor clothes without shoes. Body mass index (BMI,
weight divided by height squared) and waist-to-hip ratio (WHR) were computed.
Sitting systolic and diastolic blood pressure were measured with a randoin-zero
sphygmomanometer by a trained research assistant, after a 5-minutes rest, and
a standard 12-lead electrocardiogram (ECG) was obtained (ACTA ECG recorder,
Esoate, Florence, Italy). The presence of peripheral arterial disease (PAD) was
evaluated by measuring the systolic blood pressure of the posterior tibial artery
at both the right and the left leg using an 8-MHz continuous-wave Doppler probe
(Huntleigh 500 D, Huntleigh Technology, Bedfordshire, UK} and a random-zero
sphygmomanometer. For each leg, a single blood pressure reading was taken
with the subject in the supine position. The ratio of the systolic blood pressure
at the ankle to the systolic blood pressure at the arm was calculated for each
leg.

A venipuncture was performed, and nonfasting blood samples were obtained
and were directly put on ice. Serum samples were processed within 30 minutes,
after which they were kept frozen at -20°C. We used an automated enzymatic
procedure to determine serum total cholesterol level.”* High-density lipoprotein
(HDL) cholesterol was measured similarly, after precipitation of the non-HDL
fraction. All participants not prescribed glucose-lowering medication received a
glucose drink of 75 g in 200 mlL water after a first venipuncture. Two hours later,
a second venous blood sample was obtained. Glucose levels were determined
in both blood samples by the glucose hexokinase method, whereas insulin was
measured by RIA {(Medgenix Diagnostics, Brussels, Belgium). This assay has
a cross-reactivity with proinsulin of 40%. Because subjects using glucose-low-
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ering medication did not undergo the glucose tolerance test, insulin was not
measured in this group. The coefficients of variation of glucose and insulin mea-
surements were less than 2.5% and 6.0%, respectively.

Levels of inflammatory markers and celiular adhesion molecules were mea-
sured in plasma. For the collection of plasma, blood was collected in tubes
containing 0.129 mol/L sodium citrate. All tubes were stored on ice before and
after blood sampling. Plasma was obtained by centrifugation of 30 minutes, at
10000 rotations/minute at 10°C, and was immediately frozen in ligquid nitrogen
and stored at -80°C, Plasma concentrations of C-reactive protein (CRP) and
o-1-antichymotrypsin (ACT) were measured by kinetic nephelometry (Behring
Nephelometer BN200, Marburg, Germany) after a 5x dilution using Behring'’s
N-dilutent. Levels of interleukin-6 (IL-6), soluble intercellular adhesion mole-
cule 1 (sICAM-1), and soluble vascular cell adhesion molecule 1 (sVCAM-1)
were determined by means of enzyme-linked immunosorbent assay (1-6:
Quantikine; sICAM-1 and sVCAM-1: Parameter, R&D Systems Europe, Oxon,
United Kingdom). Interassay coefficients of variation were 4.4%, 2.8%, 8.7%, 6.9%6,
and 5.0% for CRP, ACT, IL-6, sICAM-1, and s-VCAM, respectively. Corresponding
intraassay coefficients of variation were 2.6%, 3.7%, 5.7%, 5.0%, and 3.1%, respec-
tively. For 16, 16, 6, 3, and 3 subjects, respectively, we could not determine levels
of CRP, ACT, 11-6, sICAM-1, and sVCAM-1 because of insufficient plasma for anal-
ysis. Levels of CRP, ACT, 11-6, sICAM-1, and sVCAM-1 were therefore available
for analysis in the following number of subjects: 562 (265 men, 297 women), 562
(264 men, 298 women), 570 (271 men, 299 women), 571 (271 men, 300 women),
and 572 (271 men, 301 women), respectively.

Metabolic disorders

Diabetes meliitus was defined as the use of glucose-lowering medication or a
random or postload serum glucose level > 11.1 mmol/L according to the World
Health Organization {WHOQ) criteria.’® Impaired glucose tolerance was consid-
ered present when the postload serum glucose level was between 7.8 and 11.1
mmol/L in subjects without diabetes mellitus.? Postload insulin was used as a
measure of insulin resistance. Dyslipidemia was defined as a total cholesterol
level » 8.0 mmol/L, and/or an HDL cholesterol level < 0.9 mmol/L,?" and/or use
of lipid lowering medication. We defined obesity as BMI > 30.0 kg/m* in both
genders, and/or waist circumference > 102 cm in men, and/or waist circumfer-
ence > 88 ¢m in women according to WHO criteria.?! Hypertension was defined
as systolic blood pressure = 160 mmHg and/or diastolic blood pressure = 100
mmHg and/or use of antihypertensive medication, encompassing grade 2 and
grade 3 hypertension according to WHO criteria.?
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Prevalent cardiovascular disease

The presence of myocardial infarction was assessed by self-report and by anal-
ysis of the standard 12-lead ECGs, which were stored digitally and analyzed
by the modular ECG analysis system.?* From subjects with self-reported myo-
cardial infarction without ECG evidence, we collected additional information
from the general practitioner or cardiologist, and myocardial infarction was con-
firmed if the information in the medical records met standard diagnostic criteria.
From subjects without self-reported myocardial infarction but with ECG evi-
dence, in whom the absence of symptoms was confirmed by reviewing the medi-
cal records, ECGs were reviewed by an experienced cardiologist, and (silent)
myocardial infarction was included when the ECG met standard diagnostic cri-
teria for myocardial infarction. We combined both types of myocardial infarc-
tions to one variable for the analyses.”® Information on a history of coronary
artery bypass graft (CABG) or percutaneous transluminal coronary angioplasty
(PTCA) was obtained during the interview. A history of stroke was determined
on the basis of interview data and medical information from the general practi-
tioner or from hospital discharge records.?® PAD was considered to be present if
the ankle-arm systolic blood pressure index was less than 0.90 in either leg.?”

Statistical analysis
To obtain normal distributions, insulin, CRP, and IL-6 were natural-log trans-
formed (In-transformation).

The associations between levels of postload insulin and markers of inflar-
mation and cellular adhesion molecules were assessed by separate linear regres-
sion models with In-insulin as the dependent variable and with levels of markers
of inflammation and cellular adhesion molecules as independent variables.
Associations were examined for the total population and for men and women
separately. Models were initially adjusted for age and, if appropriate, gender.
In subsequent models, we additionally adjusted for BMI, WHR, smoking (never,
former, or current), and presence of cardiovascular disease.

Furthermore, multivariate-adjusted levels of markers of inflammmation and
cellular adhesion molecules were assessed in tertiles of levels of postload insu-
lin. For these analyses, we constructed variables with the values 1-3 for subse-
quent tertiles of levels of postload insulin for the total population, and for men
and women separately. These variables were entered in general linear models
as continuous independent variables with levels of markers of inflammation and
cellular adhesion molecules as dependent variables. Tests of significance for the
coefficients of the ordered variables of insulin were considered to be tests for
trend.

Subsequently, we compared the strength of the associations of postload
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insulin with markers of inflatnmation and cellular adhesion molecules with the
strength of the associations of insulin with variables classically considered
to be clustered within the insulin resistance syndrome. For this endeavor, we
performed separate linear regression analyses with postload In-insulin as the
dependent variable and levels of markers of inflammation, cellular adhesion
molecules, and HDL cholesterol, BMI, WHR, and systolic blood pressure as
independent variables, and presented standardized regression coefficients of
multivariate-adjusted analyses.

In addition, we computed levels of markers of inflammation and cellular
adhesion molecules in subjects according to the presence of the number of meta-
bolic disorders known to be clustered within the insulin resistance syndrome:
impaired glucose tolerance, dyslipidermia, obesity, and hypertension. For these
analyses, we constructed a variable with value 0-4 according to the number of
metabolic disorders present. This variable was entered in general linear models
as a continuous independent variable, with levels of markers of inflammation
and cellular adhesion molecules as dependent variables. Tests of significance
for the coefficients of the ordered variable of the number of metabolic disorders
present were considered to be tests for trend.

We considered 2-sided probability values < 0.05 to be statistically significant.
SPSS 9.0 for Windows (SPSS Inc., Chicago, TL) was used for all analyses.

REesvirs

Characteristics of the population are described in Table 1. Levels of CRP ranged
from 0.01-48.74 mg/L; 35 subjects had values > 10 mg/L, the cut-point generally
used to identify clinically relevant inflammation.

Correlations between the levels of the three markers of inflammation were
moderate; CRP - IL-6 r=0.53, CRP - ACT r=0.40, ACT - 11-6 r=0.26, P<0.001,
adjusted for age and gender. The levels of CRP, ACT, and IL.-6 were strongly
associated with levels of postload insulin (Table 2). Associations with CRP
tended to be somewhat stronger in women than in men. Multivariate adjustment
decreased the strength of the associations to some extent (Table 2). Adjusting
the association between CRP and postload insulin for the other 2 inflammatory
markers removed the association {f=0.42, P=0,23), whereas the effect of con-
trolling for the other 2 inflarnmatory markers on the strength of the association
between ACT and insulin, and IL-6 and insulin was less pronounced (f=0.95,
and PB=1.87, P<0.001, respectively, adjusted for age and gender). Levels of the
cellular adhesion molecule sICAM-1 were associated with levels of CRP, ACT,
and IL-6 (correlation coefficients r=0.28, r=0.20, and r=0.24, respectively, all

45



Chapter 2.3

Table 1. Clinical and biochemical characteristics of the study population

Variable A”rf:?;im 272 it
Age,y 70.2 + 89 69.7 + 83 707 + 93
Body mass index (BMI}, kg/m’ 264 + 34 259 + 2.8 268 + 3.8
Waist circumference, cm 91 + 11 94 + 9 87 + 11
Waist-to-hip ratio (WHR), cm/cm 0.91 + 0.09 0.96 + 0.07 0.87 + 0.08
Obesity, % {(n)* 32 (181} 18 (50) 43 (131
Smoking status, % (n)

Never 34 (198) 9 {25} 57 (173)

Past 44 (250 64 {174) 25 (76)

Current 22 (126) 27 (73} 18 (53)
Systolic blood pressure, mmHg 132 £ 21 138 + 20 139 + 22
Diastolic blood pressure, mmHg 73 + 11 74 + 11 73 + 11
Hypertension, % (njt 26 (147) 24 (65) 27 (82)
Total cholesterol, mmol/L 66 + 1.2 63 + 1.2 6.9 + 1.2
HDL cholesterol, mmol/L 13 + 04 1.2 + 04 1.5 + 0.3
Dyslipidemia, % (n)t 24 (135) 26 (70) 21 (65}
Glucose, mmol/L 6.4 + 1.6 62 + 1.6 6.6 + 1.6
Pastioad insulin, mU/LS 527(310-760) 51.0(290-73.0) 53.0(35.0-81.0)
Impaired glucose tolerance, % (n}| 19 (107) 14 (37) 23 (70)
Cardiovascular disease, 9% (n)# 22 (127} 23 (63) 21 (64)
C-reactive protein (CRP), mg/L&q 1.6 (0.8 - 3.5) 1.4 (0.7 - 3.6) 1.8(0.8-34)
alpha-1-ACT {ACT), mg/dLy 471 + 140 46,1 + 14.1 480 + 138
Interleukin-6 (IL-6), pg/mL&% 1.8(1.2-3.0) 1.9(14-3.1) 1.7(1.2-2.8)
SICAM-1, ng/mL¥ 2209 + 6456 2244 + 725 2177 + 565
sVCAM-1, ng/mL9 541.8 + 180.8 5476 + 1695 5365 + 1905

Data are mean + SD, median (interquartile range} for variables with skewed distributions, or percentages
{(number of subjects).

*BMI » 30.0 kg/m’in both genders, and/or waist circumference » 102 cm in men, and/or waist
circumference > 88 ¢m in women.

1 Systolic blaod pressure > 160 mmHg and/or diastolic blood pressure » 100 mmHg, and/or use of
antihypertensive medication.

1 Total cholesterol level > 8.0 mmol/L, and/or HDL cholesterol leve| < 0.9 mmoi/L, and/or use of lipid
lowering medication.

§ Skewed data.

|| Postload serum glucose between 7.8 and 11.1 mmal/L in subjects without diabetes mellitus.

# Presence of PAD and/or history of myocardial infarction, PTCA, CABG or stroke.

4 Levels of CRP, ACT, 11-6, sICAM-1, and sVCAM-1 were avaitable in the following number of subjects: 562
(265 men, 287 women), 562 {264 men, 298 wemen), 570 {271 men, 299 women), 571 (271 men, 300
women), and 572 {271 men, 301 women), raspectivaly.

P<0.001), whereas no assoclation between levels of sVCAM-1 and levels of mark-
ers of inflanmation were found (r=0.05, r=-0.02, r=0.08, respectively, not statis-
tically significant), all adjusted for age and gender. Levels of sICAM-1 showed
a strong association with postload insulin as well, whereas levels of sVCAM-1
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Table 2. Regression coefficients for In-insulin® as the dependent variable and markers of inflammation and cellular adhesion molecules as
independent variables

Ali subjects Men Women
Bt {95% Ci) [t 195% Cl} Bt {95% Ch)

C-reactive protein (CRP}, ma/L#

model 18 1.52 (0.96; 2.08) 1,10 (0.26;1.94) 1.97 (1.22;2.72)

moden’2§| 0.88 (0.24:1.51) 0.43 {-0.49; 1.35) 1.40 (0.49; 2.30)
afpha-1-ACT (ACT), 100 mg/dL

model 1§ 1.25 {0.82;1.69) 1.26 (0.60;1.92) 1.28 (0.70; 1.85)

mOdefZ” 1.08 {0.62;1.60) 1.18 (0.48;1.87) 1.09 {0.42;1.75)
Interleukin-6 (IL-6), pg/mbt+

model 15 2.60 (1.69;3.52) 2.60 {1.26;3.94) 262 (1.37;3.87)

madel 2] 1.91 (0.92;2,90) 2.02 {0.62;3.42} 1.88 (0.46;3.31)
sICAM-1, t pg/mi

model 1§ 222 (1.29:3.16) 210 {0.85; 3.36) 2.44 (1.01;3.87)

maodel 2| 154 (0.96;2.92) 1.57 {0.24; 2.90) 2.26 (0.77 ; 3.76)
sVCAM-1, 10 pug/mL

model 1§ 1.78 (-1.72;5.27) 2.45 (-3.23,8.12) 1.30 (-3.11;5.71)

modef 2|} 075 (-3.07; 4.56) 0.64 (-5.26; 6.55) 0.91 (-4.13; 5.95)

* Postload insulin.

1 findicates regression coefficient; an increase of the independent variable by 1 unitis asseciated with an increase of insulin by a factor ef,

# CRP and II-6 were In-transformed to abtain a better model fit as assessed by residual analysis; an increase of CRP and -6 by 1% yield an increase of postload insulin by
0.1 f%.

§ Model 1. Adjusted for age, and, if appropriate, gender. Number of subjects in models with CRP, ACT, 1I-6, sICAM-1, and sVCAM-1 were 562 (265 men, 297 women), 562
(264 men, 298 women), 570 {271 men, 299 women), 571 (271 men, 300 women), and 572 {271 men, 301 women), respectively.

H| Model 2. Adjusted for age, BMI, WHR, smoking {never, former, or current), presence of cardiovascular disease, and, if appropriate, gender. Number of subjects in
models with CR2, ACT, #-6, sICAM-1, and sVCAM-1 were 486 {230 men, 256 women), 486 (229 men, 257 women), 494 (235 men, 259 women), 495 (235 men, 260
women), and 495 (235 men, 260 women), respectively.
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did not (Table 2). Adjustment of the associations between levels of sICAM-1
and postload insulin for levels of CRP, ACT, or IL-6 did not materially affect the
resuits (data not shown). Levels of sICAM-1 were associated with other param-
eters of the insulin resistance syndrome, namely WHR (r=0.09, P=0.045), and
HDL cholesterol (¥r=-0.15, P=(0.001}, adjusted for age and gender, whereas levels
of sVCAM-1 were not (r=0.06 and r=-0.05, respectively, not statistically signifi-
cant). Exclusion of subjects with impaired glucose tolerance slightly weakened

CRPL sICAM-1
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% 25 i
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Subsequent Tertlles of Levels of Past Laad tnsutin Subseguent Tertites of Levels of Past Load Insulin
ACT sVCAM-1
P 00T Pruns=0.04 Phg=0.001 Fira“0.75 P05 Prra=0.43
-
" E
5 3
< g
>
@
All Subjects Men YWomen All Subjects Men Women
Subsequent Tertiles of Levels of Post Load Insulin Subsequent Tartiles of Lavals of Post Load insulin
lL-6%

P <0.001 Poreng=0.020 Puara=0.012

All Subjects Men Women

Subsequent Tertiles of Levels of Post Load Insulin

Figure 1. Multivariate-adjusted* mean levels {95% Cl} of markers of inflammation and cellular
adhesion maolecules according to tertiles of levels of postload insulint in the total population,
and in men and women separately

* Adjusted for age, BMI, WHR, smoking (never, former, or current}, presence of cardiovascular disease, and,
if appropriate, gender. Muitivariate-adjusted levels of CRP, ACT, II-6, sICAM-1, and sVCAM-1 were available in
the following number of subjects: 486 (230 men, 256 women), 486 (229 men, 257 women), 494 (235 men,
259 women), 495 (235 men, 260 women), and 495 (235 men, 260 women), respectively.

1 Tertiles of levels of insulin were computed for the total population, and for men and women separately.
F Geometric mean values {95% CI) because of skewed data.
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Table 3. Multivariate-adjusted® standardized regression ceefficients for In-insulint as the dependent variable and markers of inflammation and
celiular adhesion molecules and factors classically associated with insulin resistance as independent variables

All subjects Men Women
B+ P-value B P-value ik P-value
C-reactive protein (CRP), mg/L§ || 0.12 0.007 0.062 0.36 0.20 0.003
alpha-1-ACT (ACT), mg/dL& 0.20 <0.001 .21 0.001 0.20 0.001
interleukin-6 (}-6), pg/mL§ || 0.18 <0.001 ¢.19 0.065 0.17 0.010
sICAM-1, ng/mL8 0.17 <0.001 0.14 0.021 0.18 0.003
sVCAM-1, ng/mL§ 0.017 0,70 0,014 .83 0.022 0.72
HDL cholesterol, mmol/L§ -0.13 0.003 -0.090 014 -0.17 0.004
Body mass index {BMI), kg/m*§ 0.14 0.062 0.23 0.002 0.10 0.09
Waist-to-hip ratio (WHR), cm/cm$§ 0.25 <0.001 0.16 0.019 0.24 <0.0G1
Systolic blood pressure, mmHg§ 0.031 0.49 0.060 0.35 -0.008 0.50

* Adjusted for age, BMI (apart from modefl with BM! as independent variable), WHR (apart from model with WHR as independent variable), smaking {never, former, ar

current), presence of cardiavascular disease, and, if appropriate, gender.
t Postload insulin.
+ B indicates standardized regression coefficient.

§ Number of subjects in models with CRP, ACT, II-6, siCAM-1, sVCAM-1, and HDL cholesterol to systolic Blood pressure were 486 (230 men, 256 women), 486 (229 men,

257 women), 494 (235 men, 259 women), 495 (235 men, 260 women), 495 (235 men, 260 women), and 770 (358 men, 412 women), respectively.
|| CRP and -6 were In-transformed to ¢btain a better model fit as assessed by residual analysis.
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the strength of the described associations {data not shown). Exclusion of sub-
jects with levels of CRP > 10 mg/L did not affect the results (data not shown).
Associations between postload insulin and levels of markers of inflammation
and sICAM-1 were still present after exclusion of subjects with prevalent cardio-
vascular disease {data not shown).

Multivariate-adjusted levels of CRP, ACT, IL-6, and sICAM-1 increased in sub-
sequent tertiles of levels of postload insulin (Figure 1). All tests for trend were
statistically significant, except for the trend analyses regarding the association
between tertiles of levels of postload insulin and CRP and sICAM-1 in men.
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Figure 2. Multivariate-adjusted® mean levels {95% Cl) of markers of inflammation and ceitular
adhesion molecules according to the number of metabolic disorders presentt in the total
population

* Adjusted for age, gender, smoking {never, former, or current), and presence of cardiovascular disease.
Multivariate-adjusted levels of CRP ACT, il-6,sICAM-1, and sVCAM-1 were available in 558,559, 559, 568,
and 569 subjects, respectively.

T Metabolic disorders encompassed impaired glucose tolerance, dyslipidemia, obesity, and hypertension.
+ Geometric mean values (95% Cl) because of skewed data.
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Additional adjustment of the levels of sICAM-1 in tertiles of levels of postload
insulin for markers of inflammation did not materially affect the results (data
not shown). Again, we found no association between levels of sVCAM-1 and
levels of postload insulin.

The strengths of the multivariate-adjusted associations between levels of
postlead insulin and CRP, ACT, IL-6, and sICAM-1, as expressed by standard-
ized regression coefficients, were comparable with the strengths of the associa-
tions between levels of insulin and HDL cholesterol, BMI, and WHR (Table 3).
Adjustment of the association between levels of postload insulin and sICAM-1
for levels of markers of inflammation again did not materially affect the results
(data not shown). In our population, no association between systolic blood pres-
sure and postload insulin was found.

The number of subjects categorized in categories 0-4 indicating the number
of metabolic disorders present was 192, 232, 111, 31, and 5, respectively. Because
of missing data, 3 subjects could not be categorized accordingly. Because of the
low number of subjects with 3 or 4 metabolic disorders, we combined these
categories into 1 category for analysis. Multivariate-adjusted levels of CRP, ACT,
IL-6, and sICAM-1 increased with the increasing number of metabolic disorders
present (Figure 2). All tests for trend reached statistical significance. Additional
adjustment of levels of sICAM-1 according to the number of metabolic disor-
ders for markers of inflammation did not materially affect the results (data not
shown). No association was found between levels of sVCAM-1 and the number
of metabolic disorders present. After stratification by gender, results were com-
parable with those presented for the total population, apart from CRP in men
(P one=0.54) and sICAM-1 in women (£__ =0.17) (data not shown}.

trend

Discussion

QOur results indicate that, in an elderly population, markers of inflammation are
strongly and independently associated with insulin resistance, as measured by
postload insulin. In addition, the cellular adhesion molecule sICAM-1 is associ-
ated with insulin, whereas sVCAM-1 is not.

Some methodological issues should be taken into account when interpreting
our results. Nonfasting postload insulin was used as a measure of insulin resis-
tance. Previous results from the Rotterdam Study indicate that these levels are
similar to fasting postload levels® and it is shown that postload insulin provides
a good measure of insulin resistance in subjects without diabetes mellitus.® If
anything, the validity of our results does not depend on the precision of the
measurcement of insulin resistance used. The immunoassay used to measure
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insulin is known to cross-react with proinsulin. Although proinsulin is increased
in impaired glucose tolerance, it constitutes only a minor part of the total insu-
lin measured™® and is therefore probably not responsible for the observed asso-
ciation with levels of markers of inflammation and cellular adhesion molecules.
Levels of markers of inflarnmation and cellular adhesion molecules were mea-
sured in a gender-stratified random sample of subjects representative of the par-
ticipants of the Rotterdam Study. We do assume that the sampling of subjects
will not depend on the associations between insulin and levels of markers of
inflammation and cellular adhesion molecules, making selection bias unlikely.

The results of our study are in line with recent results from the Insulin
Resistance Atherosclerosis Study, in which CRP, fibrinogen, and white cell count
were found to be associated with fasting insulin in nondiabetic subjects.” In
healthy, middle-aged subjects, CRP was found to be related to insulin resis-
tance as well.® Also, in subjects with type 2 diabetes mellitus, an elevated
acute-phase response was particularly marked in those with features of the
metabolic syndrome.® Factor analysis of data on healthy, elderly people from
the Cardiovascular Health Study, however, found inflammatory variables only
weakly linked to insulin resistance.®!

The etiology of the clustering of metabolic factors in the insulin resistance
syndrome remains controversial. A common view is that insulin resistance, with
its compensatory hyperinsulinaernia, is the underlying mechanism.! Alternatively,
abdominal obesity may be the primary defect of the clustering.? Our data and
those of others®® give support to the hypothesis that raised concentrations of pro-
inflammatory cytokines, originating from various cells, and the resultant acute-
phase response may underlie much of the metabolic clustering.”* Furthermore,
a key role for the cytokine tumor necrosis factor-o (TNF-o), which induces
hepatic synthesis of acute-phase proteins,” has been suggested in the patho-
genesis of insulin resistance. TNF-o increases serum triglycerides and very-low-
density lipoprotein; stimulates insulin-independent glucose use, while inhibiting
stimulated glucose uptake by fat and muscle; and causes an increase in counter-
regulatory hormones.* Moreover, TNF-o plays a role as a mediator of peripheral
insulin resistance in obesity by inhibiting the tyrosine kinase activity of the insu-
lin receptor and its substrate.¥ The cross-sectional nature of the design of our
study complicates etiological interpretation of the results. However, prospective
data showed markers of inflammation to be associated with the development of
diabetes mellitus, probably reflecting the pathogenesis of type 2 diabetes.*

An alternative explanation for the association between insulin and levels
of markers of inflammation might be the presence of atherosclerosis, which
is associated with both insulin resistance and markers of inflammation.? In
our population, however, associations between insulin and levels of markers of
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inflammation were still present after adjustment for presence of cardiovascular
disease (Table 2, model 2) and after exclusion of subjects with prevalent cardio-
vascular disease (data not shown). This suggests that atherosclerosis did not
induce the association between insulin resistance and markers of inflammation.
However, because we adjusted only for presence of cardiovascular disease, the
assessment of degree and extent of atherosclerosis might lack accuracy in this
respect. Furthermore, we have to consider the possibility that decreased insulin
sensitivity leads to, rather than is the consequence of, raised concentrations of
inflammatory mediators. Insulin inthibits acute-phase protein synthesis in human
hepatoma cell lines,* suggesting that insulin resistance might amplify the cyto-
kine effect on the liver.

We are the first to describe an association between insulin and levels of the
cellutar adhesion molecule sSICAM-1, which has been found to be associated with
an increased risk of future coronary events.** In our population, the celular
adhesion molecule sVCAM-1 was not associated with insulin. Previous results in
healthy men participating in the Physician's Health Study describe associations
of sSICAM-1 with several metabolic cardiovascular risk factors encompassed in
the insulin resistance syndrome, such as triglycerides, HDL cholesterol, fibrino-
gen, and hypertension.® In dyslipidemic patients, increased levels of sICAM-1
and sVCAM-1 were found as well.*

Levels of sICAM-1 were associated with levels of markers of inflarmmation.
Adjustment of the association between insulin and sICAM-1 for CRP, ACT, or
IL-6, however, did not materially affect the results. These results may indicate
that inflammation is not the principal mechanism linking insulin and endothe-
lial activation in our population.!®*® Heterogeneity of markers of low-grade
inflammation may have played a role in these findings as well. Another mecha-
nism explaining the association between insulin and levels of SICAM-1 may be
increased oxidation of LDL cholesterol.* Moreover, a direct effect of glucose or
insulin on the expression of cellular adhesion molecules has been demonstrated
in rabbits.*® On the other hand, we have to consider the possibility that the asso-
ciation between insulin and sICAM-1 may be induced by atherosclerosis, which
has been shown to be associated with higher levels of sICAM-1.% Associations,
howevet, remained after adjustment for the presence of cardiovascular disease
{Table 2, model 2) and were equally present in subjects without prevalent cardio-
vascular disease (data not shown). Further studies should determine whether
our observation can be confirmed. An understanding of the role of cellular adhe-
sion molecules in insulin resistance may lead to a potential target for prevention
or treatment of atherosclerosis. Recently, for example, antibodies to ICAM-1
have been shown to reverse atherogenesis in hypercholesterclemic rabbits.®

In summary, our results indicate that insulin is strongly and independently
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associated with markers of inflammation and the cellular adhesion molecule
sICAM-1, suggesting that subclinical inflammation and endothelial activation
are an integral part of the insulin resistance syndrome. These factors may con-
tribute to the well-known relationship between insulin resistance and cardiovas-
cular disease risk. Moreover, antl-inflarnmatory treatiment and strategies aimed
at antagonizing effects of cellular adhesion molecules may possibly gain clinical
importance in the treatment of insulin resistance and its complications.
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ABSTRACT

During menopause, a sharp increase in cholesterol concentration accurs with a wide variation
in change. It is not known why some women have no or only a slight increase in cholesterol,
whareas others axhibit a large cholesterol increase. Possibly, this difference can be explained
by genetic variation.

In the Eindhoven Perimenopausal Ostecporosis Study, we examined the effect of the apo-
lipoprotein E (APOE) genotype on the change in cholesterol level with menopause among
1116 Duich women experiencing natural menopause. Women with the APCE3E3 genotype
were regarded as the reference categary and changes were adjusted for age at baseline, years
of follow-up, years since menopause, and body mass index.

Mean age of the women at baseline was 50.4 years. After 5.9 years of follow-up, the
women were oh average 4.3 years (5D £ 1.5 years) postmenopausal. Both at premenopausal
and at postmenopausal assessments, cholesteral levels were associated with the APQE gen-
otype. The relative contribution of the APCE genotype to the total phenotypic variation of
cholesterol was 3.8% at the premenopausal assessment, whereas at the postmenopausal
assessment it was 5.8%.The mean increase in cholesterol with menopause in women with the
APOQE3E3 genotype was 0.67 mmol/L (95% Cl,0.61-0.72 mmol/L). In women with the APOE2E3
genotype the increase in cholesterol was 0.44 mmol/L (Cl,0.32-0.56 mmol/L). The increase in
cholesterol in women with the APOE3E4 genotype did not differ from the increase in women
with the APOE3E3 genotype. Additional adjustment for smoking and alcohol use did not
materially affect the results.

Qur results show that the increase in cholesterol level with menopause is 30% lower in
women with the APOE2E3 genotype when compared with women with the APOE3E3 geno-
type, indicating that the APOE genotype contributes to the variation in the increase in choles-

terol with menopause.
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INTRODUCTION

The incidence of cardiovascular disease in women rises sharply after middle
age. Menopause is thought to be a determinant of this increase.? Studies con-
sistently show that total and low-density lipoprotein (LDL) cholesterol are the
primary cardiovascular risk factors affected by menopause.*** Longitudinal stud-
ies show an average increase in total cholesterol with menopause of 0.5 mmol/L,
with a wide variation in change.'*?" It is not known why some women have no
or only a slight increase in cholestercl, whereas others exhibit a large increase.
Possibly, this difference can be explained by genetic variation.

An important polymorphism associated with cholesterol level is the apolipo-
protein E (APOE) genotype.'® The heterogeneity in APOE genotype is respon-
gible for different isoforms of apolipoprotein E (apoL), which is mainly present
on chylomicrons and very-low-density lipoproteins (VLDLs). When associated
with these lipoproteins, apoE serves as a ligand for the hepatic lipoprotein
receptors. It has been firmly established that the APOE polymorphism affects
plasma cholesterol level. Compared with the APOE*3 homozygotes, the most
common genotype, the APOE*2 allele is associated with lower levels of choles-
terol, whereas the APQE*4 allele has opposite effects.'®? In a cross-sectional
study, the association between the APOE genotype and cholesterol concentra-
tion has been found to be weaker in premenopausal compared with postmeno-
pausal women® suggesting that estrogen affects the influence of the APOE
genotype on cholesterol level.

In a Dutch population-based cohort of women, the Eindhoven Perimenopausal
Osteoporosis Studies, we examined prospectively among 1116 women experi-
encing natural menopause whether the variation in increase in cholesterol with
menopause may be explained by the APOE genotype.

MEeTHODS

Study population

The Eindhoven Perimenocopausal Osteoporosis Study is a population-based
cohort study originally designed to examine determinants of bone mass, with
special emphasis on gynecological parameters, in perimenopausal womer.?! The
baseline examination was conducted between September 1994 and September
1995, All women living in the city of Eindhoven, The Netherlands, and horn
between 1941 and 1947 were invited by the Diagnostic Center Eindhoven, a diag-
nostic center for general practitioners, and the Department of Municipal Public
Health Services Eindhoven for screening of their bone mineral density. Of the
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8503 eligible women, 8700 (79%) participated and gave informed consent to be
invited for future research.

In the year 2000, we selected the population for the current study. To pre-
vent admixture we restricted our population to the 6448 white Dutch womenn.
Of these, we selected the 2892 women who were premenopausal, defined as
last menses less than 1 year ago, at the baseline examination (1994-1995).
We excluded women using horimone replacement therapy or oral contracep-
tives (n=244) and women using cholesterol-lowering therapy (n=21) at base-
line because these medications influence cholesterol levels. Four women used
both types of medication, leaving 2631 women. Of the 2631 women, baseline
serum samples were present in 2457, 208 of whom moved outside the area, leav-
ing 2249 subjects to be invited for the follow-up study, which was conducted
between November 2000 and May 2001. The study protocol was approved by the
medical ethics comrmittee of the Erasmus MC, Rotterdam, The Netherlands.

Of the 2249 invited women, 318 did not respond to the invitation, 68 refused
to participate, 8 moved outside the area after the selection of women to be
invifed, 12 were not able to participate because of physical or mental iliness, 7
had died, and 7 responded after the ending of the study, resulting in 1829 partici-
pating women, which corresponds with a participation rate of 81%.

Interview and clinical examination

At the baseline examination (1994-1995}, women were invited to the Diagnostic
Center Eindhoven or the St. Joseph Hospital in Veldhoven, a suburb of
Eindhoven, where information on menstruation pattern, menopausal state, and
medication use was obtained through an interview by a trained research assis-
tant. Subsequently, weight and height were measured, body mass index (BMI,
weight divided by height squared) was computed, and nonfasting blood samples
were taken. Serum samples were obtained and stored at -80°C for future use.
Bone mineral density of the lurbar spine was measured by dual energy X-ray
absorptiometry. After the visit, participants were asked to fill-in a questionnaire
on menopausal complaints, smoking habits, and alcohol use, and return this to
the Diagnostic Center Eindhoven within 1 week (response 92%),

At the follow-up examination (2000-2001) at the Diagnostic Center Eindhoven,
women were interviewed by a trained research assistant. Menopausal state was
ascertained by questioning whether the menses had stopped, and if so, at what
age and the reason for its cessation (natural or artificial). The type of artificial
menopause was subsequently registered. Information on smoking habits and
alcohol use was obtained. Participants were asked to bring their current medica-
tion to the research center, where preparation names were noted (oral contra-
ceptives, hormone replacement therapy, and cholesterol-lowering medication).
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Length and weight of the participants was assessed, BMI was computed, and
nonfasting blood samples were taken by venapuncture,

Cholesterol

Serum samples of the baseline investigation were retrieved from storage,
defrosted at room temperature, and subsequently vortexed. Total cholesterol
levels of baseline and follow-up serum samples were assessed in the same batch
to prevent interassay variation contributing to differences between baseline and
follow-up cholesterol levels, with an automatic enzymatic procedure® at the lab-
oratory of the Diagnostic Center Eindhoven. The interassay coefficient of varia-
tion was 0.49% and the intraassay coefficient of variation was 0.99% at a level of
cholesterol of 7.40 mmol/L.

DNA isolation and APOE genotyping
EDTA samples obtained at follow-up were frozen at -20°C until DNA-isolation
and genotyping were performed at the genomic laboratory of the department of
Internal Medicine, Erasmus MC. Genomic DNA was isolated from peripheral leu-
kocytes using PUREGENE® DNA isolation kit of Gentra Systems (Minneapolis,
USA) with slight modifications of the provided protocol. The extracted DNA
was amplified using a duplex polymerase chain reaction (PCR) generating a 244
bp PCR fragment of APOL using oligonucleotide primers:

Forward: 5- TAAGCTTGGCACGGCTGTCCAAGGA -3

Reverse: 5'- AGAATTCGCCCCGGCCTGGTACAC -3

PCRs were carried out in 10 pl reaction volumes containing 60 ng of genomic
DNA, 10*PCR huffer [(Promega) containing 20 mM Tris-HC1 (pH 8.0), 100 mM
KCl, 0.1 mM EDTA, 1 mM DDT, 509 glycerol, 0.5% Nonidet®-P40, and 0.5%
Tween®20], 1.5 mM MgCL, 0.2 mM deoxy-NTP, ¢ pmol of each ApoE primer,
and 1 U of Tag polymerase {Promega). The reactions were performed in 96-well
format in a thermocycler (MJ-tetrad). Each reaction mixture was denatured for
6 min at 95°C and subjected to 35 cycles of amplification by primer annealing
(59°C for 45 sec), extension (72°C for 45 sec), and denaturation (94°C for 45 sec).
Subsequently, APOE genotyping was performed using the SNaPshot procedure
using primers:

codon 112: 5" - (T), GGGCGCGGACATGGAGGACGTG - &'
codon 158: 5° - (T),, CGATGCCGATGACCTGCAGAAG - &

The SBE reaction was performed according to details provided by the manufac-
turer (ABI Prism® SNaPshot™ ddNTP Primer Extension Kit of PE Biosystems)
with slight modifications of the provided protocol. Samples were analyzed in a
random fashion and the laboratory technician carrying out the genotyping proce-
dures was blinded for the cholesterol levels of the samples concerned.
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Population for analysis

Of the 1829 women participating at follow-up, 133 women still had a normal
menstruation pattern, 357 women had an irregular menstruation pattern, and
1339 women reported 1 year of amenorrhea. Of these 1339 women, cessation
of the menses had occurred in 70 women after surgery of the womb and/or ova-
ries, In 5 women after treatment with chemotherapy for breast cancer, and in
1264 women spontaneously. We excluded wormen using hormone replacement
therapy (n=76) or anti-estrogens (n=4), and women using cholesterol-lowering
medication (n=56) at the time of blood drawing. Two women used two types
of medication, leaving 1130 women. Due to logistic reasons, cholesterol levels
were missing for 6 women at baseline and for 3 women at baseline and at fol-
low-up, leaving 1121 women. DNA isolation was not feasible in blood samples of
5 women, resulting in a population for analysis of 1116 women.

Statistical analysis

Initially, we used a paired t-test to compare continuous characteristics mea-
sured at baseline and at follow-up, and the McNemar test for paired compari-
sons of dichotomous variables.

We used the formula of Boerwinkle et al®® to calculate the average allelic
effects of APOE on cholestercl levels at premmenopausal and postmenopausal
assessments. Because age and BMI influence cholesterol level we adjusted for
these variables.

We used a general linear model to compute and compare mean values of cho-
lesterol at baseline (premenopausal state) and at follow-up (postmenopausal
state} as well as changes in cholesterol during follow-up (change with meno-
pause = follow-up level - baseline ievel) in strata of the APOE genotype. In these
analyses, the APOE3E3 genotype was used as the reference category. In the anal-
yses at the premenopausal and postmenopausal state, we adjusted for age and
BMI at the moment concerned. In subsequent models, we additionally adjusted
for smoking (yes-no) and alcohol use (yesno). In models regarding change in
cholesterol with menopause, we adjusted for age at baseline, years of follow-up,
years since menopause, BMI at baseline, and change in BMI during follow-up.
In subsequent models, we additionally adjusted for smoking (yes-no} and alco-
hol use (yes-no) at baseline and at follow-up. For missing data on smoking at
bhaseline, a missing value indicator was used,? whereas for missing data on
body mass index the mean value as calculated from the study population was
imputed.

By using analysis of variance (ANOVA) we estimated the contribution of the
APOE genotype to the phenotypic variation of cholesterol. ANOVA was done
on residual values after adjustment for age and BMI at premenopausal and post-
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menopausal assessments. For the analysis regarding the change of cholesterol,
ANOVA was done on residual values after adjustment for age at baseline, years
of follow-up, years since menopause, BMI at baseline, and change in BMI during
follow-up. The genotypes of APOE were entered as dummy variables in the ana-
lyses.

We considered 2-sided probability-values < 0.05 to be siatistically significant.
SPSS 10.0 for Windows (SPSS Inc., Chicago, [llinois) was used for all analyses.

REesvrLTs

Table 1 shows the baseline and follow-up characteristics of the study population.
The mean period of follow-up was 5.9 years (SD = 0.3 years) and ranged from 5.3
to 6.6 years. The mean age at menopause of the 1116 women was 52.1 years and
the women were on average 4.2 years postmenopausal (5D =+ 1.5 years) at the
follow-up visit. During follow-up, women lost averagely 0.8 cm of their height
(8D = 1.3 ecm) and gained 4.0 kg (SD 5.3 kg). At follow-up, fewer women smoked,
whereas the proportion of women drinking aicohol had increased compared
with the baseline examination. The mean serum cholesterol level increased with
0.64 mmol/L (96% CI, 0.60-0.69 mmol/L) during follow-up. Figure 1 shows the
distribution of the change in cholestercl levels in the 1116 women experiencing

Table 1. Baseline and follow-up characteristics of 1116 women experiencing natural
menopause during follow-up

Characteristic Premenopausal Postmenopausai
{baseline) (follow-up)

Age,y 504 + 2.2 563 + 2.1%
Height, m 165 4+ 0.06 1.64 + 0.06%
Weight, kg 685 + 11.7 725 + 128%
Body mass index (BMI), kg/m* 253 4+ 43 270 4+ 484
Smoking, %* 30 2631

Alcohol use, %t 59 628

Cholesterol, mmol/L 572 + 098 636 + 1.06%

Values are unadjusted mean % 5D or percentages.

At baseline, height was missing in 1 woman, weight and BMI were missing in 4 women, and information
on smoking was missing in 129 women (12%}.

At follow-up, weight and BMI were missing in 1 woman.

* Mere than 1 clgarette per day.

1 More than 1 glass per week.

F P <0.001 compared with baseline measurement.

& P < 0.05 compared with baseline measurement.
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Figure 1. Change in cholesterol level (mmol/L) in 1116 women experiencing natural meno-
pause during 5.9 years of follow-up

natural menopause during follow-up.

The distribution of the APOE polymorphism in cur study population was in
Hardy-Weinberg equilibrium (¥*=3.26; df=3; P=0.35, Table 2). Both at premeno-
pausal and postmenopausal assessments, the E*3 allele hardly affected the
grand mean of cholesterol of the population. At the premenopausal assessment,
the E*2 allele was associated with a reduction of the cholesterol level of -0.52
mmol/L, whereas the E*4 allele was associated with a +0.20 mmol/L increased
cholesterol level. At the postmenopausal assessment, these values were -0.48
mmol/L and +0.25 mmol/L, respectively.

In Table 3, the mean levels of cholesterol according to menopausal state
and changes in levels of cholesterol during follow-up are shown in strata of the
APOE genotype. Both at premenopausal and at postmenopausal assessments,
age-adjusted cholesterol levels were intermediate in women with the APOE3E3
genotype, lower in women with the APOE2ES genotype, and higher in women
with the APOE3E4 genotype. At the postmenopausal assessment, cholesterol
levels in women with the APOE2EZ genotype were no longer different from
cholestercl levels in women with the APOE3E3 genotype. By using ANOVA,
age and BMI accounted for approximately 3% of the variance of cholesterol
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Table 2, Distribution of APOE genotypes and allele frequencies in 1116 women participating
in the study

APOE genotype* No of wornen Relative frequency (%)
E2E2 g 0.8
EZE3 147 13.2
£2E4 25 2.2
E3E3 687 61.6
E3E4 221 19.8
E4E4 27 2.2
Allele Frequency

APOE*2 0.085

APOE*3 0.78

APQE*4 Q.13

This study includes Dutch white women only.
* y* Hardy-Weinberg distribution is 3.26; df=3; P=0.35.

at the premenopausal and the postmenopausal assessment. The APOE geno-
type explained 3.8% of the total phenotypic variation of cholesterol at the pre-
s 1110=5- 718, P < 0.001), whereas at the postmenopausal
assessment it explained 5.8% (F_, ,=13.60, P < 0.001), adjusted for age and BML

The mean increase in cholesterol level during menopause in women with the
APOES3E3 genotype was 0.67 mmol/1. (CI, 0.61-0.72 mmol/L), adjusted for age
at baseline, years of follow-up, years since menopause, BMI at baseline, and
change in BMI during follow-up. Women with the APOE2E3 genotype showed
a 30% smaller increase of 0.44 mrmol/L (CI, 0.32-0.56 mmol/L) with menopause.
The increase in cholesterol with menopause in women with the APOEZE2 geno-
type was 1.456 mmol/L (CI, 0.96-1.94 mamol/L), although the number of women
was low (n=9). The increase in cholesterol with menopause in women with the
APOE3E4 or APOE4E4 genotype did not differ from the increase in women with
the APOE3E3 genotype. The change in cholesterol level during follow-up accord-
ing to the most common APOE genotypes is visualized in Figure 2. By using
ANOVA, age at baseline, years of follow-up, years since menopause, BMI at

menopausal assessment (F,

baseline, and change in BMI during follow-up explained 8.2% of the change in
cholesterol level with menopause. Adjusted for these variables, the APOE geno-
type explained 2.6% of the variation of cholesterol increase with menopause
(F,.,,,=5.99, P < 0.001).

5,1110

&7



89

Table 3. Mean levels of cholesterol (85% Cl) (mmol/L} according to APOE genotype in 1116 women

Premenopausal*

Postmenopausal®

Menopausal increaset

Menopausal increaset

APOE genotype n (baseline) (follow-up) (absolute) (relative}

Al women 1116 5.72(566:577) 6.36 (6.30; 6.42) 0.64 {0.60; 0.69) 12.3% {11.4%; 13.1%)
E2E2 9 4,97 (4.33; 5.60) 6.31 (5.62; 6.99) 1.45(0.96; 1,94)F 34.0% (24.9% ; 43.1%)%
E2E3 147 537(5.21;552)% 5.81(5.64;597)+ 0.44 (0.32;0.56)% 9.2% (6.9% ; 11.4%)+
E2E4 25 5.37(4.99;5.74) 5.92(551;633)% 0.55(0.26:0.84) 11.8% (6.5%; 17.2%)
E3E3 {reference) 687 5.73(5.66;5.80) 6.39 (6.32;6.47) 0.67 (0.61;0.72) 12.6% {11.6%; 13.7%)
E3E4 221 5.91(5.79;6.04)% 6.62 (649 ;6.76)% 0.71{061;0.80) 12.6% (10.8% ; 14.4%)
F4E4 27 6.18 (5.81; 6.54)¢ 6.87 (6.48; 7.26)+ 0.71(0.43;0.99) 13.1% (7.8%; 18.3%)

* Adjusted for age and body mass index.

1 Adjusted for age at baseline, years of follow-up, years since menopause, body mass index at baseline, and change in body mass index during follow-up.
* Statistically significantly different from APOE3E3 (P < 0.05).
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Figure 2. Change in cholesterot ievel (mmol/L)* according to APOE genotype in 1055 woment
experiencing natural menopause during 5.9 years of follow-up

*Values are adjusted for age at baseling, years of follow-up, and years since mencpause.
T Women with the E2E2 (n=5), E2E4 {n=25), or E4E4 (n=27) genotype are excluded.

Discussion

Our results among 1116 women experiencing natural menopause show that
the contribution of the APOE genotype to the phenotypic variation of choles-
terol is higher in postmenopausal women than in premenopausal women. The
increase in cholesterol level during menopause is 30% lower in women with the
APOE2ES genotype when compared with women with the APOE3E3 genotype.

In the current large population-based study, we were able to measure intra-
individual changes in cholesterol levels in women experiencing natural meno-
pause. The increase in cholestercl was similar to previously described changes
in early postmenopausal women.!” The largest increase in cholesterol with
menopause occurs in the perimenopausal years.'” Because we included women
on average 1.7 vears before the cessation of their menses we were able to ade-
quately monitor the menopausal increase in cholesterol. The increase in choles-
terol level with menopause is most pronounced for LDL cholesterol.’® Because
measures of LDL cholesterol were not available in our study, we used total
cholesterol, which we consider to be a valid proxy. We excluded women using
lipid-lowering medication at premenopausal or postmenopausal assessments.
APQOE*4 carriers are known to have higher cholesterol levels,'®!® therefore, we
may preferentially have excluded women carrying this allele.

Whereas all women in our study experienced menopause, the increase in cho-
lesterol level was different among strata of the APOE genotype, indicating that
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the APOE genotype contributes to the variation in change of cholesterol with
menopause. From cross-sectional data among premenopausal and postmeno-
pausal women it was inferred that the increase in cholesterol with menopause
would be 9% among women with the APOE2E3 genotype,® which is similar to
our resuits. Also, the increase in cholesterol with menopause was inferred to
be similar in women with the APOE3E3 or APOE3E4 genotype.® In the Healthy
Women Study, no effect of the APOE genotype on differences in changes in cho-
lesterol level was observed between women who becarme postmenopausal and
age-matched women who stayed premenopausal during 3.5 years of follow-up.®
However, only 12 and 18 postmenopausal women, respectively, were present
in the APOEZE3 and APOE3E4 genotype groups. Furthermore, cholesterol con-
centration start to increase from perimmenopause onward. Comparing postmeno-
pausal women with age-matched premencpausal women,? of whom some will
be perimenopausal, may therefore lead to an underestimation of the effect of
menopause. Also in this study,® the lower values of cholesterol for women
with the APOE2E3 genotype were maintained through menopause despite an
increase of cholesterol ievels.

In the Framingham Offspring Study, the association between the APOE
genotype and cholesterol concentration was absent in premenopausal women,
whereas it was present in postmenopausal women,”® suggesting that the decrease
in estrogen level at the time of menopause fully unmasks sensitivity to the
effects of the APOE genotype. In our study, we found the APOE genotype to be
associated with cholesterol level at both the premenopausal and the postmeno-
pausal assessment. Therefore, our results do not entirely support the hypothesis
that menopause unmasks genetic susceptibility to the effects of the APOE geno-
type. However, also in our study the contribution of the APOE genotype to the
total phenotypic variation of cholesterol was higher in postmenopausal women
than in premenopausal women, indicating that the effect of the APOE genotype
on cholesterol level is amplified by menopause.

Although the number of women with the APOE2E2 genotype in our study
was small (n=9), women with this genotype displayed a very large increase in
cholesterol level with menopause. Homozygosity for the APOE*2 allele is a very
common, ajbeit not sufficient, cause for type 11l hyperlipoproteinemia (type III
HLP), which is characterized by both hypercholesteroleinia and hypertriglyceri-
demia.”® Even though the frequency of the APOE2E2 genotype is about 1 in 100
in the general population, as in our study population, the disorder occurs only
about 1 in 5000.2¢ Additional metabolic factors are usually required for full clini-
cal expression.”’” Menopause is considered to be a factor contributing to the
expression of this disorder,?* which gives support for the hypothesis that estro-
gen modifies the effect of the APOE genotype on cholesterol level. Furthermore,
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our data support the interaction between the APOEZEZ genotype and meno-
pause in the expression of this disorder.

The beneficial response of cholesterol to hormone replacement therapy in
early postmenopausal women has also been found to be related to the APOE
genotype.?? In Finnish® and Japanese® postmenopausal womern, the choles-
terol-lowering effect of hormone replacement therapy, as studied in a random-
ized controlled trial design, was absent in women carrying the APOE*4 allele ®*
In the Japanese study,? results were presented separately for women with the
APOEZ2ES3 or the APOE3ES3 genotype. The cholesterol-lowering effect of hor-
mone replacement therapy was most pronounced in women with the APOEZE3
genotype.* Also in our study, women with the APOE2E3 genotype showed sta-
tistically significantly different changes in cholestero! during follow-up when
compared with wormen with the APOE3E3 genotype. Together with our results,
these results suggest that estrogen modifies the effects of the APOE genotype
on cholesterol level.

The mechanism relating menopause to the increase in cholesterol level is
primarily thought to be due to a reduction in LDL receptor number or activity in
response to the decline in blood estrogen level.# Although our data indicate that
the APOE genotype contributes to the variation in increase in cholesterol with
menopause, the variation is far from completely explained by the APOE geno-
type. Other factors, such as expression of estrogen receptors, which mediate the
activation of the LDL receptor in the liver,® may be involved in the increase of
cholesterol with menopause.

Studies on the association between the APOE genotype and either atheroscle-
rosis or cardiovascular disease have shown inconsistent results.?** However,
few population-based investigations including women have been performed
on this topic. In a Dutch population-based study, the APOE2E3 genotype was
inversely related to carotid artery atherosclerosis in elderly men and women.®
This result agrees with the results of our study, which showed the increase of
cholesterol level during follow-up to be lowest in women with the APOE2E3
genotype. Although cholesterol level was not an intermediate in the association
between APOE genotype and carotid atherosclerosis,® it seems reasonable to
speculate that the amount of change of cholesterol with menopause would have
an impact on the development or progression of atherosclerosis and cardiovas-
cular disease. In the Healthy Women Study, the amounts of coronary and aortic
atherosclerosis measured shortly after menopause were not found to be related
to changes in levels of LDL cholesterol with menopause.” However, a longer
follow-up time may be necessary for effects of higher cholesterol levels on ath-
erogenesis to become detectable,

In conclusion, our results in 1116 women experiencing natural menopause
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show that the increase in cholesterol level with menopause is 30% lower in
women with the APOE2ES genotype when compared with women with the
APOE3ES3 genotype, indicating that the APOE genotype contributes to the varia-
tion in the increase in cholesterol with menopause.
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ABSTRACT

Besides genetic defects in the enzymes involved in homocysteine metabolism and nutritional

deficiencies in vitamin cofactors, sex steroid hormones may modulate piasma homocysteine
tevels. The postmenopausal state has been found to be associated with higher plasma homo-
cysteine levels, but data are inconsistent and studies published so far did not adjust for age,
which is an important confounding factor in studying the effect of menopause. We measured

total plasma homocysteine levels in a meticulously selected population in which the contrast
in estrogen status between premenopausal and postmenopausal women of the same age

was maximized. The study comprised 93 premenopausal and 93 postmenopausal women of
similar age (range 43 to 55 years). Women were selected from respondents to a mailed ques-
tionnaire on menopause, which was sent to all women aged 40 to 60 years in the Dutch

town of Zoetermeer (n=12,675). Postmenopausal women who were at least 3 years after
menopause or whose menses had stopped naturally before age 48 were age-matched with

premenocpausal women with reqular menses and without menopausal complaints. Plasma

homocysteine levels in the fasting state were related to menopausal status: the age-adjusted

geometric mean level was 10.7 umol/L in premenopausal women and 11.5 pmol/L in post-
menopausal women [difference 7% (95% Cl, 0.3%-14%); P=0.04]. Additional adjustment for
plasma creatinine, body mass index, smoking habit {yes, no), and alcchol intake did not influ-
ence this difference. The results of this population-based study indicate that plasma homocys-
teine is affected by menopause.
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INTRODUCTION

Plasma homocysteine has been found to be an independent risk factor for car-
diovascular disease.'? Elevations in plasma homocysteine level are typically
caused either by genetic defects in the enzymes involved in homocysteine
metabolism or by nutritional deficiencies in vitamin cofactors.? There are indi-
cations that plasma homocysteine may also be influenced by sex steroid hor
mones. Homocysteine levels are generally lower in women than in men*® and
have been found to be lower during pregnancy”™ and during hormone replace-
ment therapy.®1°

Menopause, which is associated with a decrease in estrogen levels, is thought
to be a major determinant of the rising incidence of cardiovascular disease in
women after middle age.'" Only a few studies are available on the effect of
mengpause on homocysteine levels.'*17 Results of these studies are inconsistent.
Several studies report an increase of homocysteine levels with menopause,41517
another study, however, does not confirm this.!® All of these studies are limited
in design because they did not adjust for age, which is an important confounding
factor in studying the effect of menopause.

In the present study, we examined the relationship between natural meno-
pause and plasma homocysteine level in a highly selected population in which
the contrast in estrogen status between premencpausal and postmenopausal
women of the same age was maximized.

MEeTHODS

Study population
Selection of participants in this study was aimed at maximizing the contrast in
estrogen status in healthy premenopausal and postmenopausal women of the
same age {Figure 1). A gquestionnaire including questions about menopausal
status, medical history, medication use, and smoking behavior was sent by
mail to all women aged 40-60 years and living in the town of Zoetermeer, The
Netherlands (n=12,675). The response rate was 54%. Selection of premenopausal
and postmenopausal women was based on the questionnaire. Women with a hys-
terectomy and/or unilateral or bilateral ovariectomy (n=1551) and women with
missing information on type or date of menopause (n=233) were excluded.
Women were considered premenopausal if they had 1 or more bleedings in
the past 12 months (n=3829). Premenopausal women who reported no longer
having monthly bleedings (n=938) and wormen who reported the presence of cli-
macteric symptoms, defined as perspiration and/or hot flushes (n=1645), were
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12,675
source population

Y

6,345
respondents to mailed
guestionnaire

(54%)
1,638 958
eligible premencpausal eligible postmenopausal
women' women?

AGE MATCHING

424
women matched

¥
additionally excluded?® 140

refused 62
not reached 36

93 93
premenopausal women postmenopausal women

Figure 1. Schematic presentation of the selection procedure of the study population

1. Eligible were women with reguiar menses and no climacteric symptoms who had not used harmone
replacerment therapy or oral contraceptives in the past 6 months. Subsequently, women who smoked, who
had diabetes melfitus, or used antihypertensive or cholesterol-iowering drugs were excluded.

2.Eligible were women whose menses had ceased naturally > 12 months age and who had not used
hormone replacement therapy. Subsequently, women who smoked, who had diabetes mellitus, or used
antthypertensive or cholesterol-lowering drugs were excluded.

3.Waomen who no longer fuifilied the criteria at the moment of examination were excluded,

excluded from the present study. Furthermore, premenopausal women who
reported use of hormone replacement therapy or use of oral contraceptives
within 6 months prior to the clinical examination were excluded (n=423}. The
total number of premenopausal women excluded for these reasons was 2191,
leaving 1638 eligible premenopausal women.
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Women were considered to have had natural menopause if their menses had
ceased naturally for at least 12 months (n=1242). Women who reported a history
of hormone replacement therapy for over 6 months or use of female hormones
within 6 months prior to the clinical examination and women who reported ces-
sation of bleeding immediately upon stopping hormones were excluded (n=241).
The total number of postmenopausal women excluded, including those with
missing values on hormone use, was 284, leaving 958 eligible postmenopausal
WOoImen.

Of the remaining women, we additionally excluded women reporting diabe-
tes mellitus {13 (0.8%) premenopausal and 16 (1.7%) postmenopausal women},
use of antihypertensive medication [31 (1.9%) and 35 (3.7%)], use of cholesterol-
lowering drugs [3 (0.2%) and 20 (2.1%)], and current smoking of 5 or more ciga-
rettes per day [302 (18.4%) and 218 (22.8%)].

In order to create a sharp contrast in estrogen status, we selected women
with either an early or a late natural menopause. Postmenopausal women who
were at least 3 years after menopause or whose menses had stopped at least
3 years before the average age of menopause (51 years) were age-matched
with premenopansal women with regular menses and without mencpausal corm-
plaints. If it was not possible to find a match within the same year of age, a
match was taken from an adjacent year. If 1 of a matched pair was unwilling to
participate, a new match was sought. Women were invited for study participa-
tion on average 15 months after return of the questionnaire. Out of 424 invited
women, 140 were excluded because they did no longer fulfill the inclusion
criteria (regular menses, no climacteric symptoms, no hormone replacement
therapy or cardiovascular disease) or no proper replacement match could be
found. Sixty-two women (15%) were unwilling to participate and 36 could not be
reached. This left 93 premenopausal and 93 postmenopausal women, aged 43-55
years, who participated in the study. All women gave written informed consent,
and the study was approved by the medical ethics committee of the Erasmus
University Medical School.

Measurements

A medical history was taken by a physician during a visit at our research center.
Height, weight, and waist and hip circumferences were measured while the sub-
jects wore indoor clothes without shoes. Body mass index (BMI, weight divided
by height squared)} and waist-to-hip ratio (WHR)} were computed. Alcohol drink-
ing habits and cigarette smoking history were obtained by a standardized ques-
tionnaire. Blood pressure was assessed with a DINAMAP automatic blood
pressure recorder (Critikon, Inc.). After a 5-minutes rest in the supine position,
blood pressure was read 4 times at the right upper arm with an appropriately
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sized cuff, and the mean was used in our analyses.

Venous blood samples were drawn from each subject after a 12-howur fast and
were centrifuged within less than 60 minutes, which is sufficient to prevent an
increase in plasma homocysteine resulting from ex vivo generation of homocys-
teine by erythrocytes.”® The processing of the blood samples was identical in
all subjects. Plasma was stored at -80°C and total hormocysteine was measured
as described in detail previously.!® The intraassay and interassay coefficients
of variation were 3.8% and 4.3%, respectively. Total cholesterol was measured
with an automated enzymatic method,* using the CHOD-PAP high performance
reagent kit from Boehringer Mannheim. High-density lipoprotein (HDL) choles-
terol was measured by the phosphotungstate method according to Burstein®
with a minor modification as described by Grove.” Low-density lipoproten
(LDI) cholesterol was computed with the Friedewald formula.®® Plasma creati-
nine was determined with a modified Jaffé method.

Statistical analysis
We used linear regression analysis to estimate the age-adjusted differences in char-
acteristics between premenopausal and postmenopausal women. Differences in
frequencies of smoking status were tested using the ¥? test. Since the distribu-
tion of homocysteine was skewed, it was natural-log transformed for the analy-
ses. Renal funection, muscle mass, smoking, and alcohol intake are known to
influence plasma homocysteine levels.?# Therefore, we made additional adjust-
ments for plasma creatinine, BMI, smoking habit (yes, no), and alcohol intake by
including these parameters as independent variables in the regression model.
We considered 2-sided probability values < 0.05 to be statistically significant.
SPSS 7.0 for Windows was used for all analyses.

Resuirs

General characteristics of the premenopausal and postmenopausal women are
outlined in Table 1. Postmenopausal women were slightly older (mean age
51.1 years, range 43.3 to 54.7 years) than premenopausal women (mean age
50.6 years, range 44.1 to 55.3 years). Among postmenopausal woren, the mean
number of years since menopause was 5.4 (Standard Deviation [SD] = 3.0 years)
and ranged from 1.3 to 12.8 years, Age, height, weight, BMI, WHR, alcohol intake,
blood pressure, HDL cholesterol, plasma creatinine, and smoking habits did not
differ between the 2 groups. Age-adjusted levels of total cholesterol and LDL
cholesterol were significantly higher in postmenopausal womien.

The age-adjusted geometric mean level of total plasma homocysteine in
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Table 1. General characteristics of premencpausal and postmenopausal women

Premenopausal Postmenopausal
(n=93) {n=193})
Mean + 5D
Age, y 506 + 24 511 + 22
Height, cm 1668 + 5.7 1655 + 7.3
Weight, kg 688 + 111 686 + 115
Body mass index (BMI), kg/m’ 247 + 38 250 + 490
Waist-to-hip ratio (WHR), cm/cm 077 + 005 077 + 0.05
Alcohol, grams/wk 45 + 57 45 + 57
Systolic blood pressure, mmHg 1207 =+ 157 1206 + 13.0
Diastolic blood pressure, mmHg &67.7 + 95 687 + 103
Total cholesterol, mmol/L 59 + 10 65 4+ 09t
L.DL cholesterol, mmel/L 38 + 1.0 43 + 0.8t
HDL chotesterol, mmol/L 16 + 04 1.6 + 04
Creatinine, umaol/L 842 4+ 9.1 840 <+ 93
Percentage (n)
Current smoking, % (n)* 6 (&) ) (6)
Past smoking, % (n)* 42 (39) 39 (36)

* Subjects who smoked 5 or more cigarettes per day were excluded from study participation.
T P < 0.001, adjusted for age.

Table 2. Geometric mean plasma homocysteine levels {(tmol/L} in premenopausal and
postmencpausal women

Premenopausal Postmeanopausal

(n=03) (n=93) Difference
Mean level (95% C!) Mean level (95% Cl) Mean % difference (95% Cl)  P-value
107 (10.2;11.2)* 11.5(11.0;12.00% + 7% (0.3% ; 14%)* 0.04
10.7 (10.2; 11.2)1 11.5{11.0;12.0)t + 8% (1.5% ; 14%)t 0.02

Cl = Confidence Interval.
* Adjusted for age.
+ Adjusted for age, creatinine, body mass index, smoking habit {yes, no}, and alcehol intake.

premenopansal women was 10.7 pmol/L (range 6.7-20.7 pmol/L), whereas in
postmenopausal women it was 11.5 umol/L (range 7.2-25.6 umol/L). When com-
paring premenopausal women with postmenopaunsal women, a significant 7%
(95% Confidence Interval [CI], 0.3%-14%) difference in total homocysteine levels
was observed, adjusted for age (P=0.04) (Table 2). Additional adjustraent for
plasma creatinine, BMI, smoking habit (yves, no), and alcohol intake did not influ-
ence this difference (FP=0.02) (Table 2). Subsequently, additional adjustment
was made for total cholesterol and HDL cholesterol levels, which did not change
the results (data not shown).
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Homocysteine level (umol/L}

14
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Mencpausal state
Figure 2. Plasma homocysteine levels* in 93 premenopausal and 93 postmenopausal women,

categorized in 3 groups by time since mencpause

* Shown levels (Lmol/L) are geometric mean values (35% Cl), adjusted for age, creatining, body mass index,
smoking habit (yes, na), and alcohal intake,

When women were categorized info 3 groups by time elapsed since meno-
pause, the geometric mean value of total homocysteine was 11.1 umol/L (CI,
10.3-11.8 umol/L) in women up to 4 years after menopause (11=39), 11.8 pmol/L
(CI, 10.9-12.7 pmol/L) in women 5 to 8 years afier menopause {(n=36), and 11.7
prnol/L (C1, 10.5-12.9 umol/L) in women 9 to 12 years after menopause (n=18),
adjusted for age, creatinine, BMI, smoking habit, and alcohol intake. These
results show that homocysteine levels increased from premenopausal state
till 5-8 years after menopause (test for trend P=0.20) and thereafter stabilized
(Figure 2).

DiscussionN

The results of the present study, which is the first study on menopause and
plasma homocysteine levels in which subjects were carefully matched for age,
show that total homocysteine is significantly higher in postmenopausal women
than in premenopausal women, indicating an increase of homocysteine levels
with menopause.

In studying the effect of menopause, age is an important confounding factor.
By a rigorous selection procedure in the present study, we composed a popula-
tion of healthy age-matched premenopausal and postmenopausal women from
the general population. Because of our stringent inclusion and exclusion criteria
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the effect of misclassification of menopausal status is likely to be small. Some
misclassification of age of menopause might have occurred, as these assess-
ments were self-reported. The slight age difference between the study groups
after age matching was dealt with by further adjustment in the analyses.

To ensure that the results are due to true associations between natural meno-
pause and homocysteine, bias due to other factors also has to be considered as
a possible explanation. We excluded women with current or recent use of hor-
mone replacement therapy or oral contraceptives. Moreover, after age-match-
ing and exclusion of women currently smoking 5 cigarettes per day or more,
residual confounding by age, renal function, BMI, srnoking, and alcohol drinking
habits was dealt with by adjustment in the analyses. Some other determinants of
early menopause such as socio-econornic status were not measured in our study.
Although we have no data on socio-economic status and plasma homocysteine
levels, this might have affected our results. Elevations in plasma homocysteine
are typically caused either by genetic defects in the enzymes involved in homo-
cysteine metabolism or by nutritional deficiencies in vitamin cofactors.? We did
not measure genetic nor nutritional factors. Because it is unlikely that either
genetic defects involved in homocysteine metabolism or feod or supplement
intake are differently distributed between premenopausal and postmenopausal
women, we do not think that this lack of information has affected the validity of
our results. If increase of supplementation use had occurred after menopause,
this would mean, if anything, that we underestimated the effect of menopause
on plasma homocysteine levels.

The women in our study were selected from responders to a mailed question-
naire (response 54%). We assume, however, that the results from our study are
generalizable to the general population even if some selection has taken place,
as we have no reason to assume that the relation between menopause and homo-
cysteine will be different in responders and non-responders.

Previous studies on the relation between natural menopause and homocyste-
ine levels are limited, comprised only a small number of subjects and showed
inconsistent results.**" The efficiency of methionine metabolism in premeno-
pausal women aged 14 to 42 has been found to lead to lower homocysteine con-
centrations as compared with postmenopausal women aged 45 to 59.'* Other
studies showed that homocysteine concentrations, both fasting and after methi-
onine loading, are significantly higher in postmenopausal than in premenopausal
women with reported age differences of 16" and approximately 10 years.'” A
sharp increase in fasting homocysteine levels in fernales after 50 years of age
also suggested a relationship of menopause with homocysteine,” although this
was not confirmed by others.?® Another study, however, reported no difference
in homocysteine levels between premenopausal women under the age of 50 and
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postmenopausal women over the age of 50.'° Age may have been a confounder
in the abovementioned studies, as they included women in a broad age range
and did not adjust for age in the analyses.

The mechanisms through which estrogens may modulate plasma homocys-
teine levels are largely unknown. Possibly, lower homocysteine levels in
premenopausal women may be due to higher methionine transamination.®
Several observations suggest a homocysteine-lowering effect of estrogens.
Homocysteine concentration was observed to be lower during the high hor-
monal (=high estrogen) than the low hormonal phase In women using oral
contraceptives,”® although this was not confirmed by others.*% Furthermore,
hormone replacement therapy in postmenopausal women led to a decrease
of homocysteine levels in subjects with initially high fasting homocysteine
levels.®’ Unfortunately, these intervention studies lacked a control group and
therefore their results may have been influenced by regression to the mean.
Another study in postmenopausal women with breast cancer showed that treat-
ment with tamoxifen resulted in a decrease in fasting plasma homocysteine
levels.® In a recent study in transsexual subjects, homocysteine levels decreased
after estrogen and antiandrogen administration to male-to-female transsexuals,
and levels increased after androgen administration to female-to-male transsexu-
als.®

In conclusion, our findings in a carefully selected population suggest that
plasma homocysteine levels increase with natural menopause. This strengthens
the hypothesis that estrogen influences homocysteine levels and proposes one
of the mechanisms through which menopause adversely affects cardiovascular
disease risk in women after middle age.
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ABSTRACT

Serum homacysteine levels may be lowered by hormone replacement therapy, but random-
ized controlled trial data are scarce, We performed a single center randomized placebo-con-
trolled trial to assess the 6 months effect of hormone replacement therapy compared with
placebo on fasting serum homocysteine levels in 121 perimenopausal women free of cardio-
vascular disease and recruited from the general population. The trial was double-blind with
respect to a sequential combined regimen of oral 17(-estradiol and desogestrel (173E,-D)
and the placebo group, and open with respect to a combination of conjugated equine estro-
gens and norgestrel (CEE-N). At baseline and after 6 months, fasting serum homocysteine
levels were measured. Differences in 6 months serum homocysteine levels from baseline
between treatment and placebo groups were calculated and expressed as a percentage of
the 6 months placebo level. After 6 months, the difference in serum homocysteine levels
between women receiving 17BE2~D and placebo was -6.3% (95% Cl, -12.4%; 0.0%, P=0.06}.
The difference between women receiving CEE-N and placebo was -10.1% (Cl, -16.7%; -2.9%,
£<0.01). The difference between the combined group of both types of hormone replacement
therapy users and placebo was -7.8% (Cl, -13.2%; -2.0%, P=0.01). No significant difference was
observed between the two active regimens. Qur results indicate that hormone replacement

therapy decreases homocysteine levels in perimenopausal women.
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INTRODUCTION

Observational studies have shown a lower risk of coronary heart disease among
postmenopausal users of estrogen supplements compared with nonusers.'
Postulated mechanisms for a potential beneficial effect of estrogen on coronary
heart disease risk include changes in lipid and hemostatic variables and direct
effects on the arterial wall,*® but mechanisms are not completely elucidated.
Homocysteine, which is suggested to be an independent risk factor for athero-
sclerotic vascular disease,>” may also be influenced by estrogen. Homocysteine
levels are generally lower in women than in men® and have been found to
be lower during pregnancy®® and in premenopausal compared with postmeno-
pausal women.! In a recent study in transsexual subjects, homocysteine levels
decreased after estrogen and antiandrogen administration to male-to-female
transsexuals, and levels increased after androgen administration to female-to-
male transsexuals.!? Earlier studies have been conducted on the effect of hor-
mone replacement therapy (HRT) on homocysteine levels.**® Some of these
studies, however, lacked a control group,*'® and most studies that did include a
control group were rather small 143

The present study was conducted to assess the effect of Org 32818, a 24-day
active, 28-day sequential combined regimen of oral 17B-estradiol and desoges-
trel (17BE,-D), and Prempak®, a combination of conjugated estrogens and nor-
gestrel (CEE-N) on several cardiovascular disease risk factors and structural
and functional characteristics of the carotid artery.?-?? Here, we present the
results of the effects of HRT on change in fasting serum homocysteine levels
compared with placebo after 6 months of therapy in perimenopausal women.

MEeTHODS

Study protocol

The design of the study was randomized, group-comparative, double blind with
respect to 17BE,-D and placebo groups and open with respect to CEE-N. The
study was conducted in one center, included 121 perimenopausal women and
comprized 6 consecutive cycles of 28 days. Participants were recruited from
the general population in the town of Zoetermeer (The Netherlands). They com-
pleted a questionnaire on menopause and gynecological issues that was sent to
all women between 40 and 60 years of age. Women who were eligible based on
the questionnaire were invited for the screening procedure. The study was per-
formed from October 1992 to July 1995. The study was appreved by the medi-
cal ethics committee of the Erasmus University Medical School, and written
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informed consent was obtained from all participants.

Subject selection was based on the following criteria, age between 40 and
60 years; not hysterectomized; climacteric symptoms (hot flushes and/or out-
breaks of sweating), body weight between 80% and 130% of the ideal hody
weight (Metropolitan Life Insurance Company Tables for Women, 1983). The
main exclusion criteria were absence of spontaneous vaginal bleeding for more
than 5 years; use of sex-steroids currently or within the last 2 months or ethi-
nyl-estradiol or injectable sex steroids within the last 6 months or hormone
implants at any time earlier; smoking > 10 cigarettes per day; history or pres-
ence of any malignant discrder; history or presence of cardiovascular or cere-
brovascular disease or thromboembolism/thrombosis; history or presence of
hepatic or renal disease, uncontrolled hypertension (systolic blood pressure >
170 mmHg and/or diastolic biood pressure > 105 mmHg); significant hyperlipid-
emia (fasting total cholesterol > 9.5 mmolL and/or fasting triglycerides » 2.5
mmol/L). A cervical smear and a mammography were done unless resuits were
available dated Iess than 1 and 2 years earlier, respectively.

At baseline, information was obtained about smoking. Body weight and body
height were measured and body mass index (BMI, weight divided by height
squared) was calculated. Blood pressure was measured twice at the right upper
arm in sitting position using a Hawksley random-zero sphygmomanometer. The
mean of the 2 measurements was taken as the subjects reading. Fasting blood
samples were obtained between 8.00 and 10.00 h a.m. After clotting for 1 h,
serum was isolated after centrifugation at 2500 g for 10 minutes. Fasting serum
aliquots were frozen and stored at -80°C for subsequent analysis. Cholesterol
and triglyecerides were assayed enzymatically with a Hitachi 747 automated ana-
Iyzer with kits from Boehringher-Mannheim, currently Roche Diagnostics. High-
density lipoprotein (HDL} cholesterol was measured after precipitation with
phosphowolfram/phosphotungstic acid and 2 mmol of manganese chloride per
liter. The low-density lipoprotein (LDL) concentration was calculated with the
Friedewald formula.”® Creatinine was measured with the Jaffé method on the
Hitachi 747 automated analyzer. Fasting blood samples were taken at baseline
and on cycle 6 during intervention on day 21 = 2 of the cycle for the 17pE,-D
group and on day 25 + 2 for the CEE-N group. Serum homocysteine concentra-
tion (i.e., serum total homocysteine, measured as the sum of all homocysteine
subfractions in serum including free and protein bound forms) was measured
with high-performance liquid chromatography (HPLC).** The interassay and
intraassay coefficients of variation were 4.0% and 2.3%, respectively. In studies
of HRT, blinding is difficult to maintain throughout the study because of the
clear effects on menstrual cycle (participants were asked to complete a bleed-
ing diary). Therefore, samples were analyzed in random fashion and laboratory
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technicians were blinded for the intervention group.

Individual randomization to treatment with 178E,-D, CEE-N, or placebo was
performed In a ratio of 3:2:2 using a computerized allocation algorithm. The
treatment allocation of 3:2:2 was chosen to assure the gain of sufficient informa-
tion on the relatively new combination 17BE -D. Code numbers were assigned
to subjects in the order of their enrollment into the study. The allocation sched-
ule was prepared by the sponsor and unknown to the study physician who dis-
pended the study medication.

17BE,-D and placebo tablets were supplied in identical looking push-through-
strips. CEE-N was supplied in the original, commercially available, strips. Each
strip of 17E,-D contained 12 tablets with 1.5 mg 17B-estradiol (micronized), 12
tablets with 1.5 mg 17p-estradiol (micronized) + 0.15 mg desogestrel, and 4 pla-
cebo tablets (Org 52818; NV Organon). Placebo was 178E,-D matched and con-
tained 28 placebo tablets. Each strip of CEE-N contained 28 tablets with 0.625
mg conjugated estrogens and 12 tablets with 0.15 mg norgestrel (Prempak®;
Neovo Nordisk). Subjects in the 17BE,-D or 178E,-D-matched placebo groups
took one tablet per day on a continuous basis. Subjecis treated with CEE-N
took one tablet per day from day I to 16 and two tablets per day from day
17 to 28 for each cycle. Tablets were taken after breakfast. Sex stercids other
than the study medication, hydantoins, barbiturates, primidone, carbamazepine,
rifampicin, griseofulvin, and lipid-lowering agents were not allowed during the
study. Drug compliance was assessed by tablet count and diary-checks. Non-
compliance was defined as missing 2 successive tablets from day 1 of the cycle
and/or missing on average 1 tablet per week till the day of assessment of that
cycle.

Statistical analysis
Assuming a mean homocysteine concentration on the natural-log-scale of 2.41
pmol/L {geometric mean = 11.1 pmol/L)M and a drop-out rate of 5%, the sample
size calculations for the present trial showed that with 86 subjects in the active
treatment groups, a standard deviation (SD) of serum homocysteine on the natu-
ral-log-scale of 0.20 umol/L, a 2-sided o of 0.05, and a power of 0.80, a percentual
change in serum homocysteine levels of 11.6% between the treated and placebo
group could be detected. In a recent prospective nested case-control study in
postmenopausal wornen conducted as part of the Women'’s Health Study,” cardio-
vascular disease cases had a 12.1% higher homocysteine level compared with
controls.

Data from subjects of whom levels of serum homocysteine at baseline and
at 6 cycles were available were used for the analysis on the effect of treatment
after 6 months (intention-to-treat analysis with incomplete data). For this analy-
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sis, we constructed 2 dummy variables: the first with placebo (value 0), 17BE_-D
(value 1), and CEE-N (value ) and the second with placebo (value 0), 173E,-D
(value 0), and CEE-N (value 1). Linear regression analysis with In-homocysteine
after 6 months of treatrnent as the dependent variable and the 2 dummy vari-
ables as the independent variables was used to determine whether serum homo-
cysteine levels differed among treatment groups after 6 months of treatment.
In addition, the effect of both treatment groups combined compared with pla-
cebo was computed by linear regression analysis with In-homocysteine after 6
moenths of treatment as the dependent, variable and a variable indicating treat-
ment with HRT (17BE,-D and CEE-N) or placebo as the independent variable.
Moreover, we compared the effects of treatment with 178E,-D relative to CEE-N
on serum homocysteine levels using linear regression analysis with In-homo-
cysteine after 6 months of treatment as the dependent variable and a variable
indicating treatment with 17BE,-D or CEE-N as the independent variable. We
adjusted all analyses for baseline levels of serum homocysteine. Results are pre-
sented as differences in the geometric mean of the 6 months level of serum
homocysteine between HRT and placebo group, expressed as a percentage of
the 6 months vahie of the placebo group with 95% Confidence Intervals (CI). All
analyses were performed using 5PSS 8.0 for Windows.

Resurrs

Participating Subjects

Intotal, 121 subjects were successfully screened, entered the study, and received
study medication. The 121 subjects were between 40 and 57 years of age, with
a mean age of 47.2 years. Median time since last menstruation was 2 months
(range 1-11 months) in the perimenopausal women, and was similar in the 3
study groups. Out of the 121 women, 13 were postmenopausal, defined as cessa-
tion of menses for more than 1 year. Age, weight, BMI, blood pressure, lipids,
creatinine, and homocysteine levels at baseline were well balanced between
the three groups (Table 1). Women receiving 17BE,-D tended to smoke less and
women receiving CEE-N tended to smoke more than the overall mean smoking
percentage of the combined groups (Table 1}.

Withdrawn subjects, adverse events, and non-compliance

The total number of subjects that withdrew within 6 months was 23; 11 (21%)
in the 17BE,-D group, 8 (24%) in the CEE-N group, 4 (11%) in the placebo group
(Figure). Only small differences in cardiovascular disease risk factors were seen
between women who corapleted the study (n=98) and women who withdrew
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Table 1. General characteristics of the 121 women randomized at baseline

Placebo
(n=35)

Age,y

Weight, kg

Body mass index (BMI), kg/m’
Current smoking, %

Systolic blood pressure, mmHg

Diastolic blood pressure, mmHg
Total cholesterol, mmaol/L

LDL cholesterol, mmol/L

HDL cholesterol, mmol/L
Triglycerides, mmal/L
Creatinine, umaol/L
Homocysteine, umol/Lt

I+ B

[+

H

47.2 £ 4.
651 + 8.0

237 £ 29
20.0

116 =+ 16

75
5.9
3.9
1.5
1.2

82.9

1.7

+

L

0.9
0.8
0.3
0.4
8.3
38

+ B+ +

I+

Values are mean £ 5D or percentages.

*# 17BE,-D = 17B-estradiol and desogestrel; CEE-N = conjugated estrogens and norgestrel.
t Shown value = geometric mean {interquartile range).
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Registered and Eligible (n=121)

Randomizaticn (n=121)
n22

17p,E-D*
Received Standard
Intervention as Allocated (n=52)

CEE-N*
Received Standard
Intervention as Allocated (n=34)

Placebo
Received Standard
Intervention as Allocated (n=35)

Withdrawn (n=4)

1
Withdrawn (n=11}
Intercurrent lliness (n=1)
Unacceptable Adverse Experience (n=7)
Not willing/Cannot coorperate further (n=1)

i
Withdrawn (n=8)
Intercurrent lliness {(n=0}
Unacceptable Adverse Experience (n=7)
Not willing/Cannot coorperate further (n=0)

Intercurrent lliness {n=0}
Unacceptable Adverse Experience {n=2)
Mot willing/Canneot coorperate further (n=1)

Other (n=1)

Other (h=1)

Other (n=2)

Completed Trial (n=41)

Completed Trial {n=26)

Completed Tria (n=31}

Figure. Flow diagram of the progress of subjects throughout the triaf

# 17BE,-D = 17[3-estradiol and desogestre}; CEE-N = conjugated estrogens and norgestrel.

£'¢ Jaadeyd



Hormone replacement therapy and homocysteine

{(n=23). In the 3 allocated treatment groups, women who withdrew tended to
smoke less than women who completed the study. The occurrence of unaccept-
able adverse events was the main reason for withdrawal. The type and severity
of the adverse experiences recorded were consistent with those more often
seen with this type of therapy, such as headache, depressive feelings, abdominal
pain, and nausea. During treatment, 4 of the adverse experiences recorded were
classified as serious, but probably not drug-related (1 myocardial infarction in
the placebo group, and cases of epileptic seizure, syncope, and hysterectomy
due to uterus myomatesis and prolapse uteri in the 17fE,-D group). 96 women
had at least one adverse experience in this period, 42 in the 17BE,-D group (81%),
29 in the CEE-N group (869%), and 25 in the placeho group (72%). In the Org
32818 group 11 subjects were non-compliant with the study drug (21%), in the
Prempak group 1 subject (3%), and in the placebo group 6 subjects (17%).

Differences in sernm homocysteine levels

Because the distribution of homocysteine was skewed we natural-log-trans-
formed it for analysis. Of the women receiving 17BE,-D and CEE-N and complet-
ing the study, 25 (61%) and 18 (69%) showed a decline in homocyseine levels
after 6 months of treatment, respectively. In the women receiving placebo and
completing the study the corresponding percentage was 35 (n=11). Table 2
shows the percentual differences in homocysteine levels between the treatment
and placebo groups and between both active treatment groups after 6 months
of treatment, adjusted for baseline values of homocysteine. The difference in
serum homocysteine levels between women treated with 17|3E2—D and placebo
was -6.3% after 6 months of treatment, a difference which was borderline sig-

Tabde 2. Percentual differences® in serum homocysteine levels after 6 months of treatment

. {95% Cl for P-
*

Difference the difference}  value
17BE,-DF (n=41) versus placebo (n=31}% -6.3% (-12.4%;0.0%}  0.06
CEE-Nt (n=26) versus placebo (n=31}% -10.1% (~16.7%:-2.99%) <0.01
17BE,-Dt + CEE-NT (n=67) versus placebo (n=31) § -7.8% {-13.2%;-2.0%) 0.01
17BE,-Dt {n=41) versus CEE-Nt {n=26# 4.0% (-3.7%;12.3%) 032

* Differences in the geometric mean of the 6 months level of serum homocysteine between HRT and
placebo, expressed as a percentage of the 6 menths value of the placebo group, all adjusted for baseline
values of serum homocysteine.

T 17BE,-D = 17p-estradiol and desogestrel; CEE-N = conjugated estrogens and norgestrel.

+ Treatment groups separately compared with placebo.

§ Treatment groups combined compared with placebo.

# Treatment groups compared with each other.
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nificant. Serum homocysteine levels differed -10.1% between women receiving
CEE-N and placebo after 6 months of treatment. When both treatment groups
were combined, the difference between subjects treated with HRT and placebo
was -7.8%. When comparing the 17BE,D with the CEE-N treatment group, no
sighificant difference in serurn homocysteine level after 6 months of treatment
was found.

Despite random allocation of treatment, smoking was unevenly distributed
between the treatment groups (Table 1). Because smoking is known to influ-
ence homocysteine levels additional analyses were carried out in which we
adjusted for smoking (mean number of cigarettes smoked per day) at baseline.
This adjustment did not materially affect the results {(data not shown).

Discussion

In the present study in perimenopausal women from the general population, we
demonstrated a decrease in fasting serum homocysteine levels in women using
17BE,-D or CEE-N compared with women using placebo after 6 months of ther-
apy.

Some issues of our study need to be addressed. Non-compliance to study
medication was smaller in subjects randomized to CEE-N than in those allo-
cated to 17BE,-D or placebo. This might be due to the fact that the study was by
design open with regard to CEE-N (Prempak®), a well-known HRT-preparation.
The double-blind design with respect to 17BE,-D and placebo intervention was
difficult to maintain because of the clear effects on menstrual cycle and climac-
teric symptoms. However, homocysteine measurements were performed in a
blinded manner. Although more subjects in the active treatment groups than in
the placebo group withdrew from the study, women who completed the study
had overall similar levels of baseline cardiovascular risk factors and creatinine
compared with women who had withdrawn. Therefore, it is not likely that
the drop out has influenced the effectiveness of the ramdomization process
to a large extent. Elevations in homocysteine levels are typically caused by
genetic defects in the enzymes involved in homocysteine metabolism or by nutri-
tional deficiencies in vitamin cofactors.®® Because it is unlikely that either these
genetic defects or food or supplement intake are differently distributed between
women randomized to HRT or to placebo, we do not think that lack of informa-
tion on genetic or nutritional factors has affected the validity of our results.

Earlier studies on the relation between HRT and homocysteine also found a
decrease of homocysteine ievels in women receiving HRT.%*2 Some studies, how-
ever, lacked a control group.’*® In these uncontrolled studies a reduction,'®"
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or greatest reduction,’® of homocysteine was found in postmenopausal women
with initially high fasting homocysteine levels, results which may have been
influenced by regression to the mean. Most of the earlier studies with a control
group were small.'*!® Thesge studies found slightly higher treatment effects than
the effect found in our study, being a decrease of plasma homocysteine levels
of 13%, 10%, and 9% in postmenopausal women receiving HRT, respectively.
One recent larger study found a decrease of homocysteine levels of 7% in post-
menopausal women assigned to HRT, which is compatible with our results.® In
a sample of the Postmenopausal Estrogen/Progestin Intervention (PEPT) trial,
treatment with HRT had a modest, but transient, impact on plasma homocyste-
ine levels during 36 months of follow-up.*

The mechanisms through which estrogens may modulate serum homocyste-
ine levels are largely unknown.? Possibly, lower homocysteine levels in women
using HRT may be due to higher methionine transamination.?” The strong bind-
ing of homocysteine to LDL cholesterol might also be involved,® facilitating
an increased clearance of homocysteine by the estrogen-induced increase in
LDL-receptor expression,? which accompanies the HRT-related decrease in LDL
cholestercl. Moreover, the methylenetetrahydrofclate reductase (MTHFR) geno-
type is suggested to influence the homocysteine-lowering effect of HRT.

Recently, a randomized trial on the effects of HRT in women with coronary
heart disease showed no effect on the overall risk of coronary heart disease
after 4 years of treatment (the Heart and Estrogen/Progestin Replacement Study
(HERS)).® However, an increased risk of coronary heart disease events was
found in the HRT group in the first year of the trial, while the risk decreased
subsequently. This time trend might be attributable to an immediate prothroms-
botic, proarrythmic, or proischemic effect of treatment, which is gradually out-
weighed by a beneficial effect on progression of atherosclerosis. Recent results
from the Estrogen Replacement and Atherosclerosis trial (ERA), however, did
not show slowing of progression of angiographically measured coronary artery
lesions in women with established coronary heart disease during 3.2 years of
treatment with HRT.* The HERS and ERA were conducted in women with docu-
mented coronary heart disease, had a relatively short follow-up, and HRT was
initiated late, an average of 20 years after the cessation of menses. The results of
HERS and ERA are thus compatible with the possibility that HRT is effective in
preventing the development of atherosclerotic disease and with the hypothesis
that long-term use of HRT may slow the progression of disease once it is estab-
lished.

In the present study, all the women had climacteric complaints and were
predominantly perimenopausal. Although in women with symptoms estradiol
levels are decreased compared with premenopausal women,® the endogenous
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estradiol production in these symptomatic women will probably influence the
effects of HRT. Because symptomatic women are the target population for HRT,
the vast majority of HRT in the Netherlands is prescribed for the indication of
menopausal complaints,® it is of interest and of clinical importance to know the
effects of HRT on cardiovascular risk factors in this population. We, however,
have to be careful to extrapolate our findings frorm this relatively young popu-
lation to the use in older, postmenopausal women. When studying postmeno-
pausal wormen, with low endogenous estrogen levels, the conirast between the
placebo and the intervention groups might have been larger.

To summarize, in the present study in healthy perimenopausal women from a
general population, we demonstrated a decrease in fasting serum homocysteine
levels in women using HRT relative to women using placebo during 6 months of
observation.
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ABSTRACT

Despite the paucity of data regarding its long-term effects, inclusion of andregens in post-
menopausal hormone replacement regimens is not uncommon and is likely to become more
widespread.

In a population-based study in 513 naturally postmenopausal women aged 54 to 67 years,
we studied the association between self-reported intramuscularly administered high-dose
estrogen-testosterone therapy {estradiol and testosterone esters) and aortic atherosclerosis.
Aortic atherosclerosis was diagnosed by radiographic detection of calcified deposits in the
abdeminal aorta, which have been shown to reflect intimal atherosclerosis. Hormone therapy
users were compared with never-users.

Intramuscular hormone therapy-use for 1 vear or longer was repaerted by 25 women. In
almost half of these women severe atheroscierosis of the aorta was present (n=11), whareas
in women without hormone use severe atherosclerosis of the aorta was present in less than
20% (odds ratio [OR} 3.1; 95% Cl, 1.1-8.5, adjusted for age, years since menopause, smoking,
and body mass index). The assaciation remained after additional adjustment for diabetes mel-
litus, cholesterol level, systolic blood pressure, or alcohol use. No association was found for hor-
mone use less than 1 year.Wormen reporting having used daily oral estrogen therapy for 1 year
or longer (n=20) tended to be protected against aortic atherosclerosis (OR 0.4; Cl,0.1-1.2).

Our results suggest that testosterone therapy may adversely affect atheroscierosis in post-

menopausal women and indicate that androgen replacement in these women may not be
harmless.
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INTRODUCTION

In women, androgens are important for maintaining bone mass, secondary sex
characteristics, and libido.!? With increasing age and afier menopause, circulat-
ing androgen levels decline because of a combination of decreasing adrenal pro-
duction and ovarian failure.? Androgen treatment in posimenopausal women
improves psychological well being and sexual function,® and has beneficial
effects on bone mass.>® With dehydroepiandrosterone being sold in increasing
amounts over-the-counter and the availability of new preparations containing
testosterone developed specifically for women, its use is likely to become more
widespread.” Until now, however, no data are available on the long-term effects
of androgen treatment in women.

In the present population-based study, we examined the association between
selfreported intramuscularly administered high-dose estrogen-testosterone ther-
apy and aortic atherosclerosis in naturally postmenopausal women.

SUBJECTS AND METHODS

Population

Between 1975 and 1978, a population-based study on risk factors for chronic
diseases was conducted in the Dutch town of Zoetermeer. Inhabitants of 2 dis-
tricts were invited for a medical examination. In 1985, all female participants
aged 45 to 64 years at baseline were invited for a follow-up examination. Details
of this study have been previously published.?® The response rate of the women
at baseline was 77%. Of 1167 women invited for the follow-up study, 71 had died
and 87 had moved away. Of the remaining women, 855 (85%) were re-examined.

Mencpausal state and nse of hormone therapy

Menopausal state was assessed by a self-administered questionnaire that asked
whether the menses had stopped, and if so, at what age and the reason for its ces-
sation (natural or artificial). The type of artificial menopause was ascertained
during an interview by a doctor. Postmenopausal state was defined as no men-
struation for at least 1 year.

Information on hormone therapy use was gathered by interview, during
which women were questioned on past and current use of hormones, including
route of administration. In the Netherlands, from the late 1950s until 1980s
a substantial part of ithe hormones indicated for menopausal complaints was
administered intramuscularly, which in this period comprised combined estro-
gen-testosterone therapy (2-6 mg estradiol esters, and 50-100 mg testosterone
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esters), to be dispensed monthly. Oral replacement therapy in the reference
period primarily comprised 0.625 mg uncpposed estrogen daily.

Assessment of covariates

Height and weight were measured without shoes and with indoor clothing. Body
mass index (BMI) was calculated (weight/height®). Blood pressure was mea-
sured with a random zero sphygmomanometer with the subject seated. The
mean of 2 readings was reported. Serum total cholesterol was measured by
an automatic enzymatic method (CHOD/PAP high performance, Boehringer-
Mannheim). Information on smoking habits, alcohol use, and medical history
was obtained by a self-administered questionnaire, which was checked during
the interview by the study physician. Diabetes mellitus was considered present
when it was reported in the questionnaire and confirmed during the interview
with the physician. Subjects were asked to bring their current medication to the
research center, where treatments were noted.

Aortic Atherosclerosis

Lateral radiographic films of the lumbar spine (T12-81) were made from a
fixed distance while the participant was seated. Atherosclerosis was diagnosed
off-line by detecting calcified deposits in the abdominal aorta, as described
previcusly.>'* Calcification was considered present when linear densities were
present in an area parallel and anterior to the lumbar spine (L1-14). The extent
of calcification was scored according to the length of the involved area (< 1 cm;
2-5 cmy; 6-10 ¢rm; and > 10 cm). In the analyses, we considered the first 2 classes
as mild atherosclerosis and the third and fourth classes as severe atherosclero-
8is.

All films were examined by 2 independent observers who were unaware of
the subjects’ exposure status (in the present study: use of hormone therapy).
Before the scoring, a sample of the films was read by the 2 observers simultane-
ously s0 as to reach agreement on the interpretation of the scoring protocol. If
there were differences between observers regarding readings, films were read
by both observers simultaneously so as to reach consensus. The score that was
agreed upon by both observers was recorded.

The validity of radiographic assessment of aortic atherosclerosis has been
studied by comparing results of this method with data obtained at autopsy.
Radiographic assessment was shown to be highly specific, and in most cases, vis-
ible calcification represented advanced intimal atherosclerosis.!! Intimal calcifi-
cation was also shown to be clearly distinguishable from medial calcification.*
A comparison study involving computed tomography (CT) was performed at our
department. In 56 unselected elderly persons, aortic calcifications were indepen-
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dently assessed by radiography and CT. Calcifications were detected on abdomi-
nal radiography in 32 subjects. In all but 1 person, these calcifications were
shown to be located in the aorta on the corresponding CT images.®

Aortic calcification is known to be associated with risk factors for cardio-
vascular disease®™?® and with atherosclercsis at other sites'® and predicts car-
diovascular morbidity and mortality.’**® Comparison of roentgenographic aortic
calcification with coronary artery calcium as detected by electron beam tomog-
raphy at our department within 457 subjects showed that aortic calcification
was present in 3.9%, 13.7%, and 31.5% of the subjects within the lowest, the
middle, and the highest tertile of coronary artery calcium, respectively (P for
trend < 0.001, adjusted for age and sex). These results indicate that aortic calei-
fication is strongly related to corconary calcification.

Population for analysis

Of the 855 women who were examined, menstruation had ceased for less than
1 year in 7 women, and for 11 women information on menopausal state was
missing. Postmenopausal women were excluded who reported to have reached
menopause by odphorectomy (n=118), hysterectomy (n=104), after stopping of
oral contraceptive use (n=36), or after use of other medication, such as chemo-
therapy (n=0). In 8 women the cause of menopause was unclear. Natural ces-
sation of menses was reported by 565 women. Because films were missing or
not readable, information on aortic atherosclerosis wasg misging in 22 women.
In 22 of the 543 remaining postmenopausal women, information on hormone
therapy use was missing and 8 women reported having used hormone therapy
with routes of administration different from injections or tablets, such as oint-
ments or subcutaneous implants, leaving 513 naturally postmenopausal women
for analysis.

Statistical analysis

The age-adjusted baseline characteristics of the study population were com-
puted in strata of type and duration of hormone therapy use by using general
linear models. Proportions of dichotomous variables between the described
strata were compared using the y® test. We studied the association between hor-
mone therapy use and mild and severe aortic atherosclerosis using a multivari-
ate polytomous logistic regression model. Never-users of hormone therapy were
regarded as the reference category. A distinction was made between use of hor-
mones < 1 year and use > 1 year because no effect on the development of athero-
sclerosis was expected from use < 1 year. Models were initially adjusted for age
by entering age as a continuous variable in the regression model. In subsequent
models, we additionally adjusted for years since menopause, smoking (current,
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former, or niever), and BML We adjusted in separate models additionally for total
cholesterol level, systolic blood pressure, diabetes mellitus (yes-no), or current
alcohol use (yes-no).

We considered 2-sided probability values < 0.05 to be statistically significant.
SPSS 10.0 for Windows (SPSS Inc., Chicago, [llinois) was used for all analyses.

Resvurs

Data on aortic atherosclerosis and hormone therapy use (no, intramuscular, or
oral) were available in 513 naturally postmenopausal women, defined as no men-
struation for at least 1 year after natural cessation of the menses. Mean age of
these women was 62.9 years, with a standard deviation {SD) of 5.7 years. Their
reported mean age at menopause was 50.0 years (SD = 4.0 years). One hundred
seventeen of the 513 women reported ever-use of postmenopausal hormones, of
whom 50% intramuscularly (n=5%).

In Table 1 the age-adjusted baseline characteristics of the study population
are shown stratified by type and duration of hormone therapy use. Women
reporting having used intramuscular hormone therapy = 1 year tended to be
somewhat older and had higher levels of total cholesterol than women never
having used any hormones. Women having used oral hormone therapy tended to
be younger than women never having used any hormones.

Intramuscular hormone therapy use < 1 year was reported by 34 women
and was not significantly associated with atherosclerosis of the aorta. Age-
adjusted odds ratios for mild and severe atherosclerosis of the aorta were
1.2 (95% Confidence Interval [CI], 0.5-2.9), and 1.0 (CI, 0.4-2.5), respectively.
Intrarmuscular hormone therapy use » 1 year was reported by 25 women, with
a median duration of use of 2 years (range 1-25 years). In 44% of these women,
severe atherosclerosis of the aorta was present {n=11), being equivalent with
atherosclerosis involving at least 1/3 of the length of the abdominal aorta
(Figure), whereas in women without hormone therapy use, severe atheroscle-
rosis of the aorta was present in less than 20% (0Odds Ratio [OR] 3.1; CI,
1.1-8.5, adjusted for age, time since menopause, smoking, and BML Table 2).
Additional adjustments for diabetes mellitus, systolic blood pressure, or alcohol
use (yes-no) did not materially affect the results. Additicnal adjustment for cho-
lesterol level led to a decrease of the odds ratio to 2.4 (CI, 0.9-6.9).

For 106 of the 118 women reporting having reached menopause by o&pho-
rectomy, information on aortic atherosclerosis and hormone therapy use was
available. Four of these women reported having used intramuscular hormone
therapy > 1 year, in 2 of whom severe aortic atherosclerosis was present, lead-
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Table 1. Age-adjusted baseline characteristics of 513 naturally postmenopausal women stratified by type and duration of hormone therapy use

Never-use Intramuscular hormone therapy use Oral hormone therapy use

Characteristic (n=396) < 1year >1year < 1year 2 1year
B {n=34) {n=25) (=38} {n=20}

Mean + SE
Agey 63.0 + 03 629 £ 1.0 655 + 1.1% 61.1 + 0.9* 600 + 13*
Time since menopause, y 130 % 02 126 + 07 131 + 08 135 + 06 11.0 + 09*
Body mass index (BMI), kg/m’ 264 £ 0.2 261 % 07 263 + 038 270 * 06 262 * 09
Systolic biood pressure, mmHg 1452 + 1.0 1426 <+ 34 1455 + 40 1464 + 33 1488 + 45
Diastolic blood pressure, mmHg 823 + 05 819 + 17 836 + 2.0 827 £ 16 833 + 22
Total cholesterol, mmol/L 72+ 0.1 72 £ 02 79 + 02f 72 + 02 69 + 03
Percentage
Diabetes mellitus 6 6 4 6 5
Current smokers 25 32 32 26 30
Former smokers 30 30 28 39 30
Alcohol use 64 59 60 63 60

01

* P < 0.05 compared with never-users.

T P < 0.01 compared with never-users.

Far some women never having used harmone therapy, data were missing on BMi (n=1), blocd pressure {(n=2), total cholesterel level (n=9), and diabetes mellitus (n=7).
For 1 woman having used intramuscular hosimone therapy < 1 year data were missing on total cholesteral level.

For 1 woman having used intramuscular hormone therapy = 1 year and for 1 women having used oral hormone therapy < 1 year data were missing on diabetes
mellitus.
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Figure. Severe atherosclerosis of the abdominal aorta (arrows) detected on a lateral X-ray of
the abdomen

ing to a an age and multivariate-adjusted odds ratio of 5.7 (CI, 0.5-61.6) relative
to never-users of hormone therapy.

Twenty women reported having used oral hormone therapy > 1 year, with a
median duration of 3 vears (range 1-17 years). In 1 of these women severe ath-
erosclerosis of the aorta was present (5%) and in 3 women mild aortic athero-
sclerosis was detected. Numbers were too low to present associations between
oral hormone use and aortic atherosclerosis in strata of severity of atherosclero-
sis. Our pooled data indicated that women using oral replacement therapy = 1
year tended to be protected against presence of any aortic atherosclerosis (OR
0.4; CI, (.1-1.23, Table 3. Oral hormone therapy use < 1 year was reported by 38
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Table 2. Odds ratios for mild and severe aortic atherosclerosis associated with intramuscular hormone therapy use > 1 year among naturally
postmenopausal women

Aortic Atherosclerosis

No Mild Severe
n
Never-use of hormone therapy 224 93 79
Intramuscular hormene therapy use > 1 year 8 6 11
QOdds ratio* (95% Cl} 1.0 reference 1.5 (05;4.7) 2.9 (1.1;8.0)
Qdds ratiot (95% () 1.0 reference 1.5 (0.5;4.6} 3.1 (1.1;8.5)

601

* Adjusted for age.
t Adjusted for age, years since mencpause, smoking {current, former, or never), and body mass index.
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Table 3. Odds ratios for aortic atherosclerosis associated with oral hormone therapy use = 1
year among naturally postmenopausal women

Aortic Atherosclerosis

No Any
n
Never-use of hormone therapy 224 172
Oral hormone therapy use > 1 year 16 4
Odds ratio* (95% CI) 1.0 reference 04 (0.1:13)
Odds ratiot (95% Cl) 1.0 reference 04 (0.1;1.2)

* Adjusted for age.
1 Adjusted for age, years since menopause, smoking (current, former, or never), and body mass index.

women and was not significantly associated with atherosclerosis of the aorta
(OR 0.9; CI, 0.5-2.0, adjusted for age).

Discussion

Our findings suggest that testosterone therapy may adversely affect atheroscie-
rosis in postmenopausal women and indicate that androgen replacement in
these women may not be harmless.

A limitation of our study is the fact that our results are based on observa-
tional data. Women taking hormones tend to have a better cardiovascular risk
factor profile than those who do not.'® Although this “healthy woman effect”
may induce the apparently protective effect of oral estrogen on atherosclerosis
in observational studies, it would only have diluted the positive association
between intramuscular testosterone therapy and atherosclerosis found in our
study, implying that the adverse effect of testosterone may even be stronger
than our results suggest. Women reporting having used oral replacement ther-
apy > 1 year had a decreased risk of aortic atherosclerosis, which is consistent
with earlier observational data.'™® Use of hormones was assessed by interview,
which might have led to misclassification to a certain extent. This misclassifica-
tion, however, is unlikely to be differential with regard to atherosclerosis® and
will therefore only have led us to underestimate the strength of the associations.
Our main results were based on analyses in naturally postmenopausal women.
A large proportion of androgens, however, is prescribed to women experienc-
ing a surgical menopause, which is accompanied by on average a 50% decline
in androgen levels.? Our data in women having reached menopause by odpho-
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rectomy suggest that also in these women the adverse effect of testosterone on
atherosclerosis is present, although power of the analysis was limited. We exam-
ined atherosclerosis of the aorta, which we consider to be a measure of general-
ized atherosclerosis. More specifically, aortic atherosclerosis is associated with
an up to 9-times increased risk of ischemic stroke® and predicts cardiovascular
mortality.!®

Adverse effects of androgens on cardiovascular disease risk in women have
been suggested before. Hirsutismm, a clinical signs of androgen excess, has been
found to be associated with an increased risk of coronary artery disease® and
cardiovascular disease risk factors were found to be increased in women with
polycystic ovary syndrome (PCOS).* Recently, an association between PCOS
and carotid atherosclerosis has been described in middle aged women.? In post-
menopausal women, endogenous testosterone levels have been found to be
associated with atherogenic changes in cardiovascular disease risk factors® and
the degree of angiographically determined coronary artery disease.?” A prospec-
tive study, however, found no association between endogenous testosterone
concentrations and fatal cardiovascular disease in postmencopausal wormen.”®
In a recent study among premenopausal and postmenopausal women studied
together, women with endogenous androgen levels in the highest tertile had sig-
nificantly lower carotid intimal-medial thickness.”® We are the first to describe
an association between exogenous androgens and atherosclerosis in women.
Experimentally induced hyperandrogenism in female cynomologous monkeys
led to an increase in the amount of coronary atherosclerosis,? which is compat-
ible with our results.

Whether the actions of testosterone in women are predominantly directly
mediated via androgen receptors or secondary to conversion to estrogen is
not known. Androgen receptors are not entirely specific, therefore part of the
effects of supraphysiological amounts of androgens are mediated via estrogen
and progestin receptors.® Testosterone may adversely affect atherosclerosis
due to effects on the lipid profile.?23 Our data give support for this hypothesis
because the association between intramuscular hormone use and atherosclero-
sis diluted after adjustment for cholesterol level, probably reflecting the interme-
diate effect of cholesierol. In women, oral methyltestosterone has been shown
to negate some of the beneficial effects of estrogen therapy on lipid levels when
combined with it.?* We studied parenteral testosterone esters, for which effects
on lipoprotein levels are less pronounced.™* A recent study on the safety pro-
file of transdermal testosterone patches indicated that this mode of administra-
tion did not significantly affect lipid levels.® Rather than androgenic potency
the mode of administration may influence the effect of testosterone on lipid
levels. Orally administered steroids may induce greater lipid changes because of
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a first-pass effect.?® Other factors involved in the potential atherogenic effects
of testosterone therapy may be the adverse effects on glucose metabolism. Very
high-dose testosterone administered to fermale-to-male transsexuals resulted in
impaired insulin action.” However, our understanding of the effects of lower
dosages of exogenous androgens on insulin action and glucose metabolism in
women is far from complete until now. Furthermore, treatment with testoster-
one in women may be associated with an increase in visceral fat accumula-
tion,» which has consistently been found to be associated with cardiovascular
disease.

Our findings suggest that intramuscular testosterone therapy may adversely
affect atherosclerosis in postmenocpausal women. Further studies should deter-
mine whether low-dose androgens dispensed with other routes of administra-
tion increase the risk of atherosclerosis. If so, this may have implications for
decisions whether or not to treat postmenopausal women with androgens.
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ABSTRACT

In both men and women, circulating andregen levels decline with advancing age. Until now,
results of several small studies on the relationship between endogenous androgen leveis and
atherasclerosis have been inconsistent.

in the population-based Rotterdam Study, we investigated the association of levels of
dehydroepiandrosteronesulphate (DHEAS) and total and bioavailable testosterone with acrtic
atheroscierosis among 1032 nonsmoking men and women aged 55 years and over. Aortic ath-
erosclerosis was assessed by radiographic detection of calcified deposits in the abdominal
aorta, which have been shown to reflect intimal atherosclerosis.

Relative to men with levels of total and hioavailable testosterone in the lowest tertile,
men with levels of these hormones in the highest tertile had age-adjusted odds ratios of 0.4
(95% CI,0.2-0.9}) and 0.2 {Cl, 0.1-0.7), respectively, for the presence of severe aortic atheroscie-
rosis. The correspanding odds ratios for women were 3.7 (Cl, 1.2-11.6) and 2.3 (CI, 0.7-7.8).
Additional adjustment for cardicvascular disease risk factors did not materially affect the
results in men, whereas in women the associations diluted. Men with levels of total and bio-
available testosterone in subsequent tertiles were alsc protected against progression of aortic
atherosclerosis measured after 6.5 years (SD £ 0.5 years) of follow-up (P for trend=0.02). Levels
of DHEAS were not associated with aortic atherosclerosis, neither in men nor in women.

In conclusion, we found an independent inverse association between levels of testoster-
one and aortic atherosclerosis in men. In women, positive associations between levels of tes-
tosterone and aortic atherosclerosis were largely due to adverse cardiovascular disease risk

factors.
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INTRODUCTION

Androgen levels decline with advancing age, both in men!'? and women.?
Although it is not known whether this decline in hormonal activity is causally
related to physical changes during aging * exogenous androgens are considered
to be an attractive treatment modality to potentially benefit psychological well-
being, body composition, and strength in the elderly.*” Dehydroepiandrosterone
is being sold in increasing amounts over-the-counter, several androgen replace-
ment therapy modalities are prescribed for men® and its use in women is likely
to become more widespread.® In animal models, treatment with testosterone
tended to inhibit the development of atherosclerosis in male rabbits,® whereas
in female monkeys it induced exacerbation of atherosclerosis,!? suggesting gen-
der-specific effects of androgens on cardiovascular disease. In humans, the
effects of androgen treatment on cardiovascular disease have not been studied,
whereas endogenous androgen levels were not found to be related to cardiovas-
cular events in men't” or women.!"!® Results of several studies on endogenous
androgen levels and atherosclerosis have been inconsisient.'*® However, most
of these studies were relatively small.?%2

In the population-based Rotterdam Study, we investigated the association
between levels of endogenous androgens and aortic atherosclerosis among a
gender-stratified sample of more than 1000 men and women aged 55 years and
over.

MgeTHODS

The Rotterdam Study

The Rotterdam Study is a population-based prospective cohort study designed
to assess the occurrence and the determinants of chronic diseases in an aging
population.” The study was approved by the medical ethics committee of the
Erasmus MC, Rotterdam, The Netherlands. The cohort includes 3105 men and
4878 women aged b5 years and over (78% of the eligible population) living in a
defined district in Rotterdam. Written informed consent was obtained from all
participants. Baseline data were collected from 1990 until 1993. The third exami-
nation phase took place from 1997 until 1999. Between these examinations 1992
persons died and 35 were lost to follow-up. Fifty-five subjects were not invited
for the third examination phase because they moved outside the area, resulting
in 5901 invited subjects. Of the invited subjects, 1922 men and 2875 women
(8190) participated.
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Endogenous androgens

At the baseline examination of the Rotterdam Study, blood samples were drawn
by venapuricture from nonfasting subjects at the research center between 8.30
AM and 4.00 PM. Levels of steroid hormones were measured in plasma. For
the collection of plasma, blood was collected in 5-ml tubes containing 0.5 mL
sodium citrate solution. All tubes were stored on ice before and after blood sam-
pling. Platelet-free plasma was obtained by 2-stage centrifugation, first 10 min-
utes at 1,600 g at 4°C and then for of 30 minutes at 7,000 g at 4°C. Platelet-free
samples were immediately frozen in liquid nitrogen and transferred to the labo-
ratory. At the laboratory plasma samples were stored at -80°C until laboratory
studies were performed. For the purpose of the present study, plasma levels
of dehydroepiandrosteronesulphate (DHEAS), testosterone, and sex hormone
binding globulin (SHBG) were estimated in 12 separate batches of samples using
coated tube (testosterone) or double antibody radioimmunoassays {DHEAS and
SHBG), purchased from Diagnostic Systems Laboratories (Webster, Texas, USA).
Because of the relatively small volumes of plasma available, all values reported
are single sample estimations. Intraassay coefficients of variation, determined
on basis of duplicate results of internal quality control pools with 3 different
levels of each analyte, were below 4% for SHBG, 13% for testosterone, and 15%
for DHEAS. Because interassay variations were relatively large (14% SHBG, 19%
testosterone, and 24% DHEAS) results of all batches were normalized by multi-
plying all concentrations within a batch with a factor, which equalized results
for the internal quality control pools. Assays were performed blind with respect
to information on the subject. As a measure of bioavailable testosterone, non-
SHBG-bound testosterone was calculated on the basis of hormone, SHBG, and
albumin (see below) levels, and respective affinity constants according to the
method described by S&dergard et al*s and Van den Beld et al.?®

Aortic Atherosclerosis

At baseline and at follow-up, lateral radiographic films of the lumbar spine
(T12-81) were made from a fixed distance while the participant was seated.
Atherosclerosis was diagnosed off-line by detecting calcified deposits in the
abdominal aorta, as described previously,?"* by a technician and scored inde-
pendently of the subjects’ exposure status (in the present study: levels of
endogenous androgens). Calcification was considered present when linear den-
sities were present in an area parallel and anterior to the Tumbar spine (L1-14).
Values for the extent of calcification were scored according to the length of the
involved area (< 1 cm; 1-2.5 ¢y 2.5-5 ¢m; 5-10 cm; and = 10 em). We consid-
ered the first 2 classes as mild, the third class as moderate, and fourth and fifth
classes as severe atherosclerosis.
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Progression of aortic atherosclerosis was defined as the occurrence of new
calcifications or enlargement of the calcified area present at baseline. Baseline
and follow-up films were examined in pairs. The extent of progression was
graded {0.5-1 cmy; 1-2.5 em; 2.5-5 ¢y and = 5 ¢m), but because of the relatively
small numbers available for analysis, we combined severity grades into 2 groups:
progression absent and progression present. No subject showed a decrease in
extent of aortic calcification. All films were read by 1 observer who was aware
of the date of the radiographs. Before the scoring, a sample of the films was
read by 2 observers simnultaneously so as to reach agreement on the interpreta-
tion of the scoring protocol. Previously determined interobserver agreement on
progression scoring (absent versus present) based on 758 pairs of lateral radio-
graphic films of the lumbar spine at our department reached a percentage of
agreement of atherosclerotic change of 88, and a x statistic of 0.74.%7

The validity of radiographic assessment of aortic atherosclerosis has been
studied by comparing results of this method with data obtained at autopsy.
Radiographic assessment was shown to be highly specific, and in most cases vis-
ible calcification represented advanced intimal atherosclerosis.® Intimal calcifi-
cation was also shown to be clearly distinguishable from medial calcification.®
A comparison study involving cotnputed tomography (CT) was performed at our
department. In 56 unselected elderly persons, aortic calcifications were indepen-
dently assessed by radiography and CT. Calcifications were detected on abdomi-
nal radiography in 32 subjects. In all bul 1 person, these calecifications were
shown to be located in the aorta on the corresponding CT images.*

Aortic calcification is known to be associated with risk factors for cardio-
vascular disease®’® and with atherosclerosis at other sites® and predicts cardio-
vascular morbidity and mortality.®* When aortic calcification (as detected by
radiography) was compared with coronary artery calcium (as detected by elec-
tron-beam computed tomography) in 457 participants in the Rotterdam Study,
aortic calcification was present in 3.9% of participants in the lowest tertile of cor-
onary artery calcium, in 13.7% of those in the middle tertile of coronary artery
calcium, and in 31.5% of those in the highest tertile of coronary artery calcium
(P for trend < 0.001, adjusted for age and gender).

Covariates

During a home interview at baseline, a trained research assistant gathered infor-
mation on current and past health, medication, smoking habits, and age of meno-
pause (self-reported age of last menstruation). Participants were subsequently
invited to visit the research center, where intake of alcohol was assessed vsing
a food frequency questionnaire.® Height, weight, and waist and hip circum-
ferences were measured while each participant was wearing indoor clothing
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without shoes. Body mass index (BMI, weight divided by height squared) and
waist-to-hip ratio (WHR) were computed. Two blood pressure measurements
were taken with a random-zero sphygmomanometer after 5-minutes of rest with
the subject in sitting position, and averaged. A venipuncture was performed
and nonfasting blood samples were obtained. They were directly put on ice and
serum samples were processed within 30 minutes after which they were kept
frozen at -20°C. We used an automated enzymatic procedure to determine serum
total cholesterol level.*® High-density lipoprotein (HDL) cholesterol was mea-
sured similarly, after precipitation of the non-HDL cholesterol fraction. Alburnin
was measured using a colorimetric method (KONE Diagnostics, Espoo, Finland).
We studied glucose metabolism using a nonfasting oral glucose tolerance test.
Diabetes mellitus was defined as the use of glucose-lowering medication or a
random or post-load serum glucose level > 11.1 mmol/L according to the World
Health Organization (WHO) criteria.®

Population for analysis

We determined levels of steroid hormones in plasma in a gender-stratified
random sample of 1432 subjects (667 men and 765 women). In 1252 subjects
(610 men and 642 women) data on aortic atherosclerosis were available. To
increase power for the current analyses we additionally sampled plasma from
233 subjects (116 men and 117 women) with moderate to severe aortic ath-
erosclerosis present at baseline. We excluded participants using systemic cor-
ticosteroids (16 men and 26 wormen) or hormone supplements (1 men and 15
wommen) at time of blood drawing. One woman used both types of medication,
leaving 1428 subjects (709 men and 719 women). All women were postmeno-
pausal. To remove residual confounding by current smoking, which influences
ievels androgens in men®* and women,”* we additionally excluded smoking
men (n=205) and women (n=1981), leaving 1032 subjects for the current analy-
ses (604 men and 528 women). Due to logistic reasons and insufficient plasma
available data on DHEAS and total testosterone were missing for 56 men and 44
women, and 76 men and 58 women, respectively. Due to missing data on hinding
protein levels, data on bioavailable testosterone were additionally missing for
121 men and 114 women. The sex and age-specific prevalence of cardiovascular
disease risk factors and aortic atherosclerosis in subjects with missing data on
hormone levels were comparable with the prevalence of these risk factors in the
1032 subjects available for the current analyses.

Statistical analysis
We stratified all analyses by sex to study sex-specific associations. Tertiles of
endogencus androgen levels were computed in the randomly selected eligible
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population {i.e. without taking the additionally sampled cases with moderate to
severe aortic atherosclerosis at baseline into account).

First, we computed age-adjusted levels of cardiovascular disease risk factors
according to tertiles of levels of androgens by using general linear models. Tests
of significance for the coefficients of the ordered variable of tertiles of androgen
levels in subsequent linear regression models with the cardiovascular disease
risk factor as dependent variable were considered to be tests for trend.

Second, we used logistic regression models to compute age and multivariate-
adjusted odds ratics for severe aortic atherosclerosis according to tertiles of
levels of androgens. In these analyses, the number of participants with severe
aortic atherosclerosis in subsequent tertiles of androgen levels was compared
with the number of participants without any aortic atherosclerosis in these ter-
tiles. Analyses were initially adjusted for age by entering age as a continuocus
variable in the model. In subsequent models, we additionally adjusted for BMI,
systolic blood pressure, cholesterol level, HDL cholesterol level, presence of dia-
betes mellitus (yes-no), smoking (ever, never), and alcohol intake {in 4 catego-
ries: nondrinking; < 1 glass; 1-2 glasses; and > 2 glasses per day). In analyses
regarding womern, we additionally adjusted for years since menopause and ever-
use of hormone replacement therapy {yes-no).

Third, we used logistic regression models to compute age and multivariate-
adjusted odds ratios for progression of aortic atherosclerosis during follow-up
according to tertiles of androgen level at baseline. These analyses were addition-
ally adjusted for duration of follow-up.

In all multivariate-adjusted models, we used missing value indicators for
missing data on categorical covariates,® whereas for missing data on continu-
ous covariates we imputed the gender-specific mean value of the respective vari-
able as calculated from the study population of 1032 subjects.

We considered 2-sided P-values < 0.05 to be statistically significant. SPSS 10.0
for Windows (SPSS Inc., Chicago, Illinois) was used for all analyses.

REsULTS

The baseline characteristics of the study population are shown in Table 1. The
age of participating men ranged from 55.0 to 89.4 with a mean of 67.9 years. In
women age ranged from 55.1 to 89.0 with a mean of 69.5 years. Aortic athero-
sclerosis was absent in 175 men (35%) and 188 women (36%), whereas severe
atherosclerosis was present in 47 men and 46 women (9% in both sexes).

Tables ZA and 2B show the age-adjusted levels of cardiovascular disease risk
factors according to tertiles of levels of endogenous androgens. In men, higher
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Table 1. Baseline characteristics of the study sample

Men Women
Characteristic (n=3504) (n=528)
Mean + SD Mean + SD
Age,y 679 + 7.3 60.5 + 79
Weight, kg 794 + S99 695 + 106
Body mass index (BMI), kg/m’ 260 + 29 267 + 3.7
Waist-to-hip ratio (WHR), cm/cm 0% + 0.07 0.87 + 0.09
Systolic bicod pressure, mmHg 1382 + 203 1395 + 21.2
Diastolic blood pressure, mmHg 748 + 107 728 + 110
Total chelesterol, mmol/IL. 64 + 1.1 70 + 1.3
HDL cholestercl, mmol/L 1.2 + 04 15 + 04
Time since menopause, y - 205 + 9.1
Albumin, g/L 434 + 28 431 + 25
SHBG, nmol/L 347 + 140 438 + 178
DHEAS, pmol/L 42 + 25 26 + 20
Total testosterone, nmal/L 112 + 39 14 + 0.8
Bioavailable testosterone, hmol/L 6.8 + 29 07 + 04
Percentage Percentage
Diabetes meilitus 8 8
Former smokers 88 34
Alcchol drinkers* 9 74
Ever-use of hormone replacement therapy - 14
Aortic atherosclerosis
Mifd 32 30
Moderate 24 26
Severe 9 9

* < 1 glass; 1-2 glasses; and > 2 glasses per day.

For some men, data were missing on weight and BMI (n=1), WHR (n=31), blocd pressure (n=5}, HDL
cholesterol (n=2), aloumin {n=126), SHBG (n=83), DHEAS (n=56), testosterone (n=76), bicavailable
tastosterone (n=197), diabetes mellitus (n=14), and alcohol drinking {n=50).

For some women, data were missing on BMI (n=1), WHR {n=40), blood pressure (n=2}, total cholestercl
{n=T), HDL cholestero! {n=3), albumin {n=113), time since menopause {n=12), SHBG (n=65), DHEAS
(n=44), testosterone (n=58}, bioavailable testosterone (n=172}, diabetes mellitus (n=24), alcohol drinking
(n=62}, and ever-use of hormane replacement therapy (n=12).

measures of body weight were associated with lower levels of DHEAS and tes-
tosterone, and former smokers were overrepresented in the lower tertiles of
levels of testosterone (Table 2A). Higher blood pressure levels tended to be asso-
ciated with lower levels of testosterone, although tests for trend did not reach
statistical significance. In women, higher body weight and BMI, and lower levels
of HDL cholesterol were associated with higher levels of testosterone (Table
2B). Diabetes mellitus tended to be more prevalent in women with lower levels
of DHEAS and higher levels of testosterone.
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Table 2A. Age-adjusted cardiovascular disease risk factors according to tertiles of levels of endogenous androgens in 504 nonsmoking men

DHEAS, pmol/L

total T, nmol/L

Characteristic Tertile 1 Tertile 2 Tertile 3 prend Tertile 1 Tertile 2 Tertile 3 ptrend
>01&<26 »26&<46 >46&<159 >0&<98 >98&<126 >126&< 368

Age,y 706 + 0.6 673 + 06 658 +06 <0.001 699 + 0.6 679 1 06 6.3 + 0.6 <0.001
Weight, kg 812 + 0.8 782 + 0.8 781 £ 08 G.01 812 + 09 795 + 08 778 + 0.8 0.006
Body mass index (BMm}), kg/m’ 266 + 0.2 261 + 0.2 256 + 0.2 G.004 265+ 02 263 1 0.2 256 + 0.2 0.006
Waist-to-hip ratio (WHR), crn/om 096 + .01 0.97 + 0.01 096 + 0,01 092 0.97 + 0.0% 096 + 0.01 0.95 + Q.01 6.07
Systalic blood pressure, mmMg* 1374 + 1.8 1399 + 18 1368 + 1.8 0.78 1402 + 1.9 1376 £ 1.8 1370 + 1.8 .25
Diastolic blood pressure, mmg* 748 + 1.0 752 + 0.9 750 £ 09 0.90 766 + 1.0 744 + 09 752 + 0.9 0.3¢G
Total cholesterol, mmol/L* 63 + 0.09 6.4 + 0.09 6.4 + 0,09 0.53 6.3 + 0.09 64 £ 0.09 6.3 + G.09 0.79
HDL cholesterol, mmol/L* 1.2 + 003 1.3 + G.O3 1.2 + 0.03 067 1.2 + G.03 1.2 £ 0.03 1.2 + 0.03 0.839
Diabetes mellitus, % 9 10 6 0.38 B I [} 0.46
Former smokers, % 91 82 90 091 23 28 84 0.013
Alcohol drinkers, % 92 90 93 061 G0 92 93 0.51

Values are mean + 5D or percentages.

For some men, data were missing on weight and BM| (n=1), WHR (n=31}, blood pressure (n=5}, HDL cholesterol level (n=2), diabetes mellitus {n=14), and alcohel drinking (n=50).
* 80 men using antihypertensive medication and 17 men using serum lipid-lowering agents were excluded for analyses on blood pressure and cholesterol leveis, respectively.
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Table 2B. Age-adjusted cardiovascular disease risk factors according to tertiles of levels of endogenous androgens in 528 nonsrmoking wormnen

DHEAS, umol/L

total T, nmoi/L

Characteristic Tertile 1 Tertile 2 Tertile 3 P trend Tertile 1 Tertile 2 Tertile 3 Ptrend
>01&<15 >158&<29 »>298&<13.6 >0&=<1.0 >10&<16 >1.68&<69
Age,y 716 + 06 702 + 06 669 + 0.6 <0.001 68.7 + 06 69.5 £ 0.6 69.9 + 06 0.7
Weight, kg 69.7 + 0.8 69.8 £ 0.9 69.0 + 0.8 0.55 67.2 + 0.8 694 + 0.8 70.9 + 0.8 0.001
Body mass index (BMI), kg/m’ 266 £ 03 26,8 + 0.3 267 + 0.3 0.89 259 + 03 266 + 0.3 27.2 £ 03 0.001
Waist-to-hip ratio (WHR), con/cm 0.88 + 0.01 0.86 + 0.01 0.86 + 0.01 0.02 0.86 + 0.01 0.88 + 0.01 0.87 + 0.01 0.44
Systalic blood pressure, mmHg* 1380 + 1.7 1383 £ 1.8 1396 + 1.7 0.51 1385 + 1.6 137.1 £+ 1.7 1400 + 1.7 0.56
Diastolic blood pressure, mmHg* 730+ 09 723 £ 09 727 + 09 0.85 725 + 0.9 731+ 09 733 £ 09 0.53
Total cholesterod, mmol/L* 7.0 + 01 8.9 + 0.1 6.9 + 0.1 0.57 7.0 + 0.1 7.0 £ 0.1 69 + 0.1 0.49
HDL cholesterol, mmel/L* 1.5 + 0.03 14 + 0.03 15 + 0.03 0.91 15 + 0.03 1.4 + 0.03 14 + 0.03 0.06
Time since menopause, y 205 + 04 206 + 04 202 + 04 0.63 20.7 + 04 202 + 04 20,1 + 04 0.32
Diabetes meilitus, % 10 8 5 0.07 7 8 1 0.18
Former smokers, % 32 34 39 0.16 32 34 37 0.32
Alcohol drinkers, % 75 75 74 0.75 76 78 71 0.34
Ever-use of hermene replacement 17 14 13 032 19 12 13 0.13
therapy, %
Values are mean + 5D or percentages.
For some women, data were missing on BMI (n=1), WHR (n=40}, blood pressure (n=2), total cholesteral level (n=1}, HDL cholesterol level {n=3}, time since menopause (n=12), diabetes mellitus

{n=24), alcohal drinking (n=62), and ever-use of hormone replacement therapy {n=12).
* 64 women using antihypertensive medication and 13 women using serum lipid-lowering agents were excluded for analyses on blood pressure and cholesterol levels, respectively.
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Endogenous androgens and atherosclerosis

Table 3A. Cdds ratios for severe aortic atherosclerosis* according 1o tertiles of levels of
endogenous androgens in nonsmoking men

Acrtic Atherosclerosis

OR {95% CI}t OR (95% Ch+

Severe, n Mo, n
DHEAS tertiles
201 &<2.6umol/L 15 42 1 (ref) 1 {ref}
>26&<4.6umol/L 16 56 1.0(0.4;2.3) 0.2(04;2.2)
> 4.6 &< 159 umal/L 13 58 0.8(0.3;2.0) 0.9(0.3;2.2)
P-trend=0.68 P-trend=0.71
total T tertiles
>08&< 9.8 nmol/L 19 38 1 (ref) 1 (ref)
>98&< 12.6 nmol/L 14 48 0.7{0.3;1.5) 07{0.3;1.6)
>12.6 & £ 36.8 nmol/L 9 60 041(0.2;0.9) 0.4{0.1;1.0)
P-trend=0.03 P-trend=0.04
bioavailable T tertiles
>0 &< 5.6nmol/L 16 24 1 (ref} 1 (ref)
> 56 &< 7.5nmol/L 8 36 0.4(0.1;1.0 0.3(0.1;0.9
> 7.5 &< 287 nmol/L 5 43 0.2(0.1;0.7) 0.21{0.0;0.6)

P-trend=0.006 P-trend=0.004

* Number of men with severe aortic atherosclerosis compared with number of men without aortic
atherosclerosis.

t Adjusted for age.

+ Adjusted for age, body mass index, systolic blood pressure, cholesterol level, HDL cholesterol level,
diabetes mellitus (yes-nc), smaoking (ever, never), and aicohol intake (4 categories).

In Tables 3A and 3B the odds ratios for severe aortic atherosclerosis accord-
ing to tertiles of levels of androgens are shown. Levels of DHEAS were not
associated with the presence of severe aortic atherosclerosis in men or women
(Tables 3A and 3B). Men with levels of testosterone in the second and third ter-
tile had lower odds of severe aortic atherosclerosis. Multivariate adjustment did
not materially change the results (Table 3A). Women with levels of testosterone
in the second and third tertile tended to have higher odds of presence of severe
aortic atherosclerosis. Multivariate adjustment diluted the associations {Table
3B). Exclusion of male or female participants using serum lipid-lowering or anti-
hypertensive medication did not affect the results (data not shown).

Of the men with complete data on DHEAS, total testosterone, and bioavail-
able testosterone, 82% participated in the third examination phase, and in 287,
282, and 208 of these men, respectively, follow-up information of aortic athero-
sclerpsis was available. Of the women with complete data on DIEAS, total
testosterone, and bioavailable testosterone, 81% participated in the third exarmi-
nation phase, and in 272, 263, and 197 of these women, respectively, follow-up
information of aortic atherosclerosis was available. Progression of aortic athero-
sclerosis during a follow-up period of 6.5 years (SD = 0.5 years) was observed
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Table 3B. Odds ratios for severe aortic atherosclerosis* according to tertiles of lavels of

endogenous androgens in nonsmoking women

Aortic Atherosclerosis

OR (95% Cl)T OR (95% Cl)%
Severe, n No, n
DHEAS tertiles
=01 &< 1.5umol/l 16 42 1 {ref) 1 {ref)
>1.5&< 29 pumol/L 13 51 0.6(0.3;1.6) 0.5{0.2;1.5)
>2.98&<13.6 umol/L 11 67 09(0.3;23) 071{0.2;2.2)
P-trend=0.70 P-trend=0.33
total T tertiles
> 08&< 1.0nmol/L 5 57 1 {ref) 1 {ref)
>1.0&< 1.6 nmol/L 18 57 3.01(0.9;94) 4.4(1.1;17.5)
>1.6&<6.9nmol/L 20 54 3.7(1.2;11.6) 2.8(0.7;11.5)
P-trend=0.03 P-trend=0.19
bioavailable T tertiles
>0 &< 04 nmol/L 5 38 1 {ref) 1 (ref)
> (0.4 &< 0.8 nmol/lL 13 43 2.11{0.6;7.3) 1.8(04;8.2)
> 0.8 &< 2.9 nmol/L 14 48 2.3(0.7;7.8) 1.0(0.255.1)
P-trend=0.21 P-trend=0.84

* Number of women with severe aortic atherosclerosis compared with number of women without aortic
atherosclerosis.
T Adjusted for age.

+ Adjusted for age, body mass index, systolic bleod pressure, cholesterol level, HDL cholesterol level,
diabetes mellitus (yes-no), smoking (ever, never), alcohol intake (4 categories), time since menopause,
and ever-use of harmone replacement therapy {yes-no)}.

in 76% of men and 73% of women. In the Figure the age-adjusted odds ratios for
progression of aortic atherosclerosis according to subsequent tertiles of levels
of androgens are shown. Men In the second and third tertile of levels of total
and bioavailable testosterone were protected against progression of aortic ath-
eroscierosis (Figure A). Multivariate adjustment did not materially affect the
resulis (data not shown). In wormen, no association between tertiles of levels of
androgens and progression of aortic atherosclerosis was found (Figure B).

DiscussionN

We found an independent, inverse association between levels of endogenous tes-
tosterone and severe aortic atherosclerosis in men. In women, higher levels of
testosterone tended to be positively associated with severe aortic atherosclero-
sis, although multivariate adjustment diluted the associations. Levels of DHEAS
were not associated with aortic atherosclerosis, in neither women nor men.
When interpreting our results, some methodological issues should be taken
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A. Men B. Women

o

Plrana=0.32 Prea=0.02 Pirena=0.02 . Plreny=0.65 Pirena=1.00 Pleny=0.48

0.64

DHEAS total T bicavailable T DHEAS total T bicavailable T

Figure. Age-adjusted odds ratios for any progression of aortic atherosclerosis according to
subsequent tertiles of ievels of endogenous andragens in nensmoking men and women

into account. Due to small volumes of plasma available, we were not able to run
the assays in duplicate and the single sample measurement will have led to less
precise estimations of plasma levels, Furthermore, a relatively large proportion
of free testosterone measurements, although random, was missing. Although
these factors will have reduced the precision of our risk estimates, they will only
have led us to underestimate the strength of the associations.

In our study sample, cardiovascular disease risk factors tended to be more
adverse in men with lower levels of testosterone, whereas in women athero-
genic changes in cardiovascular risk factors tended to be associated with higher
levels of testosterone, which corresponds with previously published data in
men? and women.* The positive association between testosterone and cardio-
vascular disease risk factors in women largely accounted for the positive asso-
ciation between testosterone and aortic atherosclerosis found in women.

Lower levels of testosterone and free testosterone have been described in
55 male subjects with angiographically measured coronary atherosclerosis.”
The same author found in 60 postmenopausal women undergeing diagnostic
coronary angiography free testosterone levels to be positively associated with
degree of coronary atherosclerosis.® Results of both described studies!®* are
in agreement with our results. In a case-control study conducted within the
Edinburgh Artery Study among 83 subjects with peripheral arterial disease and
a comparable number of controls, however, no association with testosterone
was found in neither men nor women.* This discrepancy of results may be attrib-
utable to the limited sex-specific power of this study and the fact that periph-
eral arterial disease may encompass subjects with less severe atherosclercsis
than the subjects with severe aortic atherosclerosis in our study. Contrary
to our results, a recent cross-sectional study in 101 premenopausal and post-
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mencpausal women found that women in the highest tertiles of testosterone
had significantly lower carotid intima-media thickness independent of cardio-
vascular disease risk factors.® Similar results were obtained when analyses
were restricted to the 48 postmenopausal women.” The apparent discrepancy
between our results and the results of studies in which no association
between endogenous testosterone levels and coronary heart disease in men was
reported'®315 may be attributable to the fact that we studied nonsmokers only
and to the fact that the aorta might be more vulnerable to the effects of endog-
enous sex steroids than other arteries. Aortic atherosclerosis has been found
to be associated with an up to 9-times increased risk of ischemic stroke* indi-
cating its importance in relation to cardiovascular disease. Mechanisms possi-
bly involved in the association between aortic atherosclerosis and stroke may
be pulse pressure or emboli being released from atherosclerotic lesions in the
aortic arch.

The mechanisms of the beneficial effect of testosterone on atherosclerosis in
males are largely unknown.* It has been suggested that testosterone may affect
atherosclerosis through modulation of classical cardiovascular disease risk fac-
tors.® The fact that multivariate adjustinent did not influence the association
between testosterone and atherosclerosis in men in our study sample does not
support this hypothesis. Negative associations between testosterone and the
hemostatic risk factors plasminogen activator inhibitor I,'% fibrinogen,'®* and
factor VI*" have been reporied in men, indicating that testosterone may affect
atherogenesis through a modulation of these factors. As suggested by recent
animal experiments, direct beneficial effects of testosterone on plaque develop-
ment, probably mediated by the vascular androgen receptor, may be involved.*
Another explanation for our results that should be considered, however, is the
hypothesis that higher levels of testosterone do not protect against atheroscle-
rosis in men, but are merely a marker of good health.*

DHEAS is the most abundantly produced adrenal steroid. It is considered to
be a weak androgen, mainly contributing to androgenicity by its peripheral con-
version to the more potent androgens testosterone and dihydrotestosterone. It
has been suggested that DHEA(S) exerts antiatherogenic effects®® and reduced
levels of DHEAS may, among others, mediate the relation between insulin resis-
tance and atherosclerosis.®™ We found an inverse association between levels
of DHEAS and presence of diabetes mellitus, especially in women, which is
consistent with previously described inverse associations between DHEAS and
insulin.” We, however, did not find an association between levels of DHEAS
and atherosclerosis. Within the prospective population-based Bruneck Study,
DHEAS was not found to be associated with development and progression of
carotid atherosclerosis among 867 subjects during 5 years of follow-up either.®
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These results together with the failure to find an association between levels of
DHEAS and the onset of cardiovascular disease,*18'7 indicate that the sugges-
tion that DHEAS is a ‘treatment for aging’ lacks a solid scientific basis until now,
at least with regard to cardiovascular disease.

In recent years, testosterone replacement strategies have been developed
for men® and new preparations developed specifically for women are becoming
available.® Many of their aspects, however, remain controversial and increasing
blood hormone levels to those found in 30 to b0-year old individuals has not
yet been uniformly proven to be safe and of benefit.* We have to be careful to
extrapolate our results regarding the association between endogenous andro-
gden levels and aortic atherosclerosis to potential effects of therapeutic applica-
tion of androgens. Dose, duration, the identification of elderly who might benefit
most, and possible effects on the process of atherosclerosis of testosterone sup-
pletion remain subjects for study.*

In conclusion, we found an independent inverse association between levels
of testosterone and severe aortic atherosclerosis in men In women, higher
levels of testosterone tended to be positively associated with severe aortic ath-
erosclerosis, which was largely accounted for by more adverse cardiovascular
disease risk factors. Whether treatment with testosterone may protects against
atherogenesis in men remains te be studied.
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BBSTRACT

Background: Overt hypothyrcidism has been found to be associated with cardiovascular dis-
ease. Whether subclinical hypothyroidism and thyroid autocimmunity are also risk factors for
cardiovascular disease is controversial.

Objective: To investigate whether subclinical hypothyroidism and thyroid autoimmunity are
associated with aortic atherosclerasis and myocardial infarction in postmenopausal women.

Design: Population-based cross-sectional study.

Setting: A district of Rotterdam, The Netherlands.

Subjects: Random sample of 1149 women {mean age + SD, 69.0 £ 7.5 years) participating in
the Rotterdam Study.

Measurements: Data on thyroid status, aortic atherosclerosis, and history of myocardial infarc-
tion were obtained at baseline. Subclinical hypothyroidism was defined as an elevated thy-
roid-stimulating hormaone level {> 4.0 mU/L} and a normal serum free thyroxine level (11-25
pmol/l. [0.9-1.9 ng/dL]). In tests for antibodies to thyroid peroxidase, a serum level > 10 1U/mL
was considered a positive result.

Results: Subclinical hypothyroidism was present in 10.8% of participants and was associated

with a greater age-adjusted prevalence of aortic atherosclerosis {odds ratio (OR) 1.7 [95%
Cl, 1.1-2.6}) and myocardial infarction (OR 2.3 [C{, 1.3-4.0]). Additional adjustment for body
mass index, total and high-density lipeptotein cholesterol level, blood pressure, and smoking

status, as well as exclusion of women who took B-blockers, did not affect these estimates.
Associations were slightly stronger in women who had subclinical hypothyroidism and anti-
bodies to thyroid peroxidase (OR for aortic atherosclerosis, 1.9 [Cl, 1.1-3.6], OR for myocardial

infarction, 3.1 [Cl, 1.5-6.3]). No asscciation was found between thyroid autoimmunity itself
and cardiovascular disease. The population attributable risk percentage for subclinical hypo-
thyroidism associated with myocardial infarction was within the range of that for known

major risk factors for cardiovascutar disease.

Conclusion: Subclinical hypothyroidism is a strong indicator of risk for atherosclerosis and

myocardial infarction in elderly wemen.
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INTRODUCTION

Overt hypothyroidism, with its accompanying hypercholesterolemia and hyper-
tension, has been found to be associated with cardiovascular disease.'?
Subclinical hypothyroidism, defined as an asymptomatic state characterized
by normal serum concentrations of free thyroxine and elevated serum concen-
trations of thyroid-stimulating hormone (TSH),* is highly prevalent in elderly
women.>® Whether subclinical hypothyroidism is related to risk for cardiovascu-
lar disease is controversial. Case-control and cross-sectional studies on the asso-
ciation between subclinical hypothyroidism and cardiovascular disease have
been done.™! Results from these studies are not consistent, but many of the
studies were small. The same controversy surrounds thyroid autoimmunity. In
the late 1960s and early 1970s, autopsy studies™? and studies in hospital inpa-
tients'? ™ suggested that asymptomatic autoimmune thyroiditis was an impor-
tant risk factor for coronary heart disease. These findings, however, were not
confirmed by other studies.”811.15

In our population-based study, we examined whether subclinical hypothy-
roidism and thyroid autoimmunity are associated with aortic atherosclerosis
and myocardial infarction in elderly women. We conducted our study in a
random sample of 1149 postmenopausal women who were participating in the
Rotterdam Study.

MerHODS

The Rotterdam Study

The Rotterdam Study is a population-based cohort study designed to assess the
occurrence and clarify the determinants of chronic diseases in an aging popu-
lation.* The cohort includes 3105 men and 4878 women at least 55 years of
age (V8% of the eligible population) living in a defined district in Rotterdam,
The Netherlands. Baseline data were collected from August 1990 until July 1993,
During a home interview, a trained research assistant gathered information on
current and past health, medication, lifestyle and risk factors for chronic dis-
eases. Participants were subsequently invited to visit at a research center for
clinical examination. The study was approved by the medical ethics committee
of the Erasmus University Medical School, Rotterdam, The Netherlands.

Clinical examination and laboratory methods
Height and weight were measured while each participant was wearing indoor

clothing without shoes. Body mass index (BMI) was computed as weight divided
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by height squared. A trained research assistant measured sitting systolic and dia-
stolic blood pressure with a random-zero sphygmomanometer after b minutes of
rest, and a standard 12-lead electrocardiogram was obtained {ACTA electrocar-
diogram recorder, Esoate, Florence, Italy).

Venipuncture was performed, and nonfasting serum samples were collected.
The samples were immediately put on ice and were processed within 30 minutes,
after which they were kept frozen at -20°C. We used an automated enzymatic
procedure to determine serum total cholesterol level. ¥ High-density lipoprotein
(HDL) cholesterol levels were measured in a similar manner after precipitation
of the non-HDL cholesterol fraction. Total protein level was measured by using
the biuret method, albumin level was measured by using the bromescol-green
method, and creatinine concentration was measured by using an enzymatic col-
orimetric method. (All products were manufactured by Boehringer-Mannheim,
Mannheim, Germany, currenily Roche Diagnostics, Basel, Switzerland.) We
assayed levels of TSH by using TSH Lumitest (Henning, Berlin, Germany, cur
rently Brahms, Berlin, Germany).”® When TSH concentrations were abnormal
(>4.0 mU/L or <0.4 mU/L), serum free thyroxine levels were measured with an in
vitro immunodiagnostic reagent (Ortho-Clinical Diagnostics, Amersham, United
Kingdom); values between 11-256 prioV/L (0.9-1.9 ng/dL) were considered normal.
Serum antibodies to thyroid peroxidase were assessed by using ELISA (Milenia,
DPC, Los Angeles, California); tests results were considered positive if levels
were > 10 IU/mL.

Thyroid definitions

Subclinical hypothyroidism was defined as a TSH level > 4.0 mU/L in the pres-
ence of a normal firee thyroxine level (11-25 pmoVL [0.9-1.9 ng/dL]). Clinical
hypothyroidism was defined as a TSH level > 4.0 mU/L and a decreased free thy-
roxine level {<11 pmol/L [<0.9 ng/dL]).* Euthyroidism was defined as a normal
TSH level {0.4-4.0 mU/L).

Aortic atherosclerosis

Aortic atherosclerosis was assessed on a lateral radiographic film of the lumbar
spine, which was obtained from a fixed distance while the participants were
seated. A research assistant who was unaware of the participants’ thyroid status
diagnosed atherosclerosis off-line by detecting calcified deposits in the abdom-
inal aorta, as described elsewhere.!®?® Calcification was considered present
when linear densities were found in an area parallel and anterior to the lumbar
spine (L1-L4). We classified aortic atherosclerosis as mild, moderate, or severe,
according to the length of the involved area (< 1 c¢m, 2-5 cm, and > 5 ¢m, respec-
tively). Because of a relatively small number of participants in the categories of

138



Subclinical hypothyroidism and cardiovascular disease

aortic atherosclerosis, we combined severity grades into 2 categories -"present”
or “absent”- for analysis.

The validity of radiographic assessment of aortic atherosclerosis has been
studied by comparing results of this method with data obtained at autopsy.
Radiographic assessment was shown to be highly specific, and in most cases
visible calcification represented advanced intimal atherosclerosis.?! A compari-
sorn study involving computed tomography (CT) was performed at our depart-
ment. In 56 unselected elderly persons, aortic calcifications were independently
assessed by radiography and CT. Calcifications were detected on abdominal
radiography in 32 subjects. In all but 1 person, these calcifications were shown
to be located in the aorta on the corresponding CT images.?

Aortic calcification is known to be associated with risk factors for cardio-
vascular disease®® and with atherosclerosis at other sites® and predicts car-
diovascular morbidity and mortality.?** When aortic calcification (as detected
by radiography) was compared with coronary artery calcium (as detected with
electron-beam computed tomography) in 457 participants in the Rotterdam
Study, aortic calcification was present in 3.9% of participants in the lowest ter-
tile of coronary artery calcium, in 13.7% of those in the middle tertile of coronary
artery calcium, and in 31.56% of those in the highest tertile of coronary artery
calcinm (P for trend < 0.001, adjusted for age and sex). These results indicate
that aortic calcification is strongly related to coronary calcification.

Myocardial infarction at baseline

The presence of myocardial infarction was assessed by self-report and by
analysis of the standard 12-lead electrocardiograms, which were stored digi-
tally and analyzed by using the Modular Electrocardiogram ANalysis System
(MEANS).%3 For participants who reported myocardial infarction but had no
electrocardiographic evidence of it, we collected additional information from
their general practitioners or cardiologists. Myocardial infarction was confirmed
if the information in the medical records met standard diagnostic criteria. An
experienced cardiologist reviewed the electrocardiograms of participants who
had not reported myocardial infarction but had electrocardiographic evidence
of it. In these participants, absence of symptoms was confirmed by medical
records review. When the cardiologist confirmed myocardial infarction (silent
myocardial infarction), it was considered present. We combined both types of
myocardial infarction into 1 variable for the analyses. No information on the thy-
roid status of participants was available at assessment of myocardial infarction.

Follow-up procedures

We collected data on incident myocardial infarction from baseline (1990-1993)

139



Chapter 4.1

until 1 April 1996. Fatal and nonfatal events were reported by general practi-
tioners in the research area (in which 85% of the cohort resides), who cooper-
ate with the Rotterdain Study and provide information through a computerized
system. Research physicians verified all information by checking participants’
medical records at the general practitioners’ offices. In addition, we obtained let-
ters from medical specialists and discharge reports for hospitalized patients, Two
research physicians coded events independently according to the International
Classification of Diseases, 10th Revision.” If the 2 physicians disagreed, they
reached consensus in a separate session. Subsequently, a medical expert in the
field reviewed all events coded by the research physicians and verified that
all coding rules had been applied correctly. When discrepancies were found
between the coding of the medical expert and that of the research physicians,
the expert’s judgement was considered final. Myocardial infarction was defined
as a nonfatal or fatal myocardial infarction (ICD-10 codes 121-123). When we
compared our results with data registered by the nationwide morbidity registry
of hospitals, we found that 98% of all incident myocardial infarctions that
occurred in Rotterdam Study participants before 1 April 1996 had been detected
by our follow-up data collection system.

Selection of the sample for analysis

The selection of the population for analysis is shown in the Figure. We deter-
mined thyroid status in a random sample of 1149 women after excluding those
who tock amiodarone, which may nonsystematically alter TSH levels.? To obtain
a reference category that included only euthyroid women (those whose TSH
levels were within the normal range)}, we excluded women with clinical hypo-
thyroidism {n=13); those with a decreased TSH level (<0.4 mU/L), which indi-
cated clinical hyperthyroidism (free thyroxine level > 25 pmol/L [»1.9 ng/dL]) or
subclinical hyperthyroidism (free thyroxine level, 11-25 pmol/L [0.9-1.9 ng/dL])
(n=73); and/or those taking thyroid medication (J-thyroxine or thyrostatic medi-
cation [propylthiouracil, carbitnazole, or thiamazole]) (n=10).

Of the 1055 women remaining, we excluded those for whom data were miss-
ing (n=50) or improper (n=30); therefore, 9756 women were included in our analy-
ses of aortic atheroslerosis {Figure, selection 1). Data on myocardial infarction
at baseline were available for 994 women (Figure, selection 2). At the time of
analysis, 19 women had not been completely followed because of linking prob-
lems between their general practitioners’ medical records and our computerized
registration systerm. Therefore, until 1 April 1996, completed follow-up for analy-
sis of incident myocardial infarction was available for 1036 women, covering an
average period (+5D) of 4.6 + 0.7 years (Figure, selection 3).
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1149 women evaluated for
assessment of thyroid function

94 women excluded

{13 with clinical hypothyroidism,

73 with subclinical or clinical hyperthyroidism,
and/or 10 taking thyrold medication)

1055 women had subdinical
hypothyroidism or were euthyroid

1 2 3
| |
50 wiornen excluded &1 women excluded 19 worner axcluded
—* [radiographs on aortic —# (infermation on myocardial ¥ (follow-up information
atherosclerosis missing) infarction at baseline missing) missing)

30 wornen excluded
—* {no proper evaluation of

radingraphs an aortic

atherosclerosis)

975 women included in
analysis of aortic atherosclerosis at baseline

994 women included in
analysis of myocardiat infarction at baseline

1036 women included in
analysis of incident myacardial infarction

Figure. Selection of sample for analysis

1 = selection of women for analysis of aortic atherosclerosis at baseline; 2 = selection of women for analysis
of history of myocardial infarction at baseline; 3 = selection of women for analysis of incident myocardial
infarction.

Statistical analysis

We used linear regression analysis to compare the age-adjusted continuous base-
line characteristics of euthyroid women and women with subclinical hypothy-
roidism. The 3* test was used to compare proportions of women who smoked
in both groups and to compare proportions of women who had subeclinical hypo-
thyroidism and antibodies to thyroid peroxidase according to vascular disease
status.

Multivariate logistic regression analysis was used to evaluate the associa-
tion of aortic atherosclerosis and myocardial infarction as assessed at baseline
(history of myocardial infarction) with subclinical hypothyroidism. For women
with subclinical hypothyroidism, we computed the risk for incident myocardial
infarction (both fatal and nonfatal) during follow-up by using Cox proportional
hazards regression analysis. In this analysis, we excluded women with a history
of myocardial infarction (n=79). We adjusted all analyses for age by eniering
age as a continuous variable in the regression model; we subsequently adjusted
analyses for BMI, cholesterol and HDL cholesterol level, systolic and diastolic
blood pressure, and smoking status (never, past, or current). To ensure that
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comparisons between models were valid, the age-adjusted models included the
number of participants for whom information was available on all of the covari-
ates for which the multivariate model was adjusted.

We performed additional analyses after excluding women who took B-blockers
{alprenolol, oxprenolol, pindolol, propranolol, timolol, and sotalol) (n=37)
because these drugs may influence TSH levels.® In addition, we used logistic
regression analysis to compare the associations of aortic atherosclerosis and
history of myocardial infarction with subclinical hypothyroidism in women who
had subclinical hypothyroidism and antibodies to thyroid peroxidase relative to
those i euthyroid wormen who did not have antibodies to thyroid peroxidase.
We also used logistic regression analysis to compare the frequency of aortic ath-
erosclerosis and history of myocardial infarction in women with antibodies to
thyroid peroxidase and women without antibodies to thyroid peroxidase, inde-
pendent of thyroid status.

The attributable risk percentage, or eticlogic fraction, and the population
attributable risk percentage for subclinical hypothyroidism associated with inci-
dent myocardial infarction were calculated.®® For purposes of comparison, we
calculated the attributable risk percentage and the population attributable risk
percentage for the 4 major, classic risk factors for cardiovascular disease - hyper-
cholesterolemia (total cholesterol level > 8.0 mmol/L [> 309 mg/dL]), hyperten-
sion (systolic blood pressure = 160 mmIlg and/or diastolic blood pressure > 95
mmHg, and/or antihypertensive medication use), smoking status (current and
past compared with never), and diabetes mellitus (use of antidiabetic medica-
tion or & random postload giucose level > 11.1 mmol/L [200 mg/dL]) - associated
with incident myocardial infarction in all female participants of the Rotterdam
Study (n=4878).

All measures of association are presented with their 95% Cls. A 2-sided prob-
ability value < (.05 was considered statistically significant. We used SPSS 8.0 for
Windows (SPSS, Inc., Chicago, Iilinois) for all analyses.

REesuULTS

Before exclusion of clinically hypothyroid women, women with a decreased
TSH level, and women using thyroid medication, the prevalence of subclinical
hypothyroidism in the study sample was 10.8%. The baseline characteristics of
the study sample are shown in Table 1. Women with subclinical hypothyroidism
did not differ from euthyroid women with regard to age, BMI, blood pressure,
total protein level, albumin level, creatinine concentration, or smoking status
but had significantly lower levels of total cholesterol and borderline significantly
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Table 1. Baseline characteristics of the study sample

Euthyroid women

Women with subclinical

Variable hypothyreidism
(n=931)* (n=124)%
Mean 5D
Age,y 689 + 74 690 L 7.9
Body mass index, kg/m’ 267 £ 41 270 + 38
Systolic blocd pressure, mmHg 138 + 21 137 & 22
Diastolic blood pressure, mmHg 73 £ 11 73 0+ N
Totai cholesterol, mmol/Lj| 70 + 1.2 67 * 1.0%
HDL cholesterol, mmol/L|| 15 % 0.4 14 = 045
Total protein, g/L 710 £ 49 N7 £ 47
Albumin, g/L 427 £ 24 430 X 25
Creatinine, pmol/L# 776 + 139 774 + 147
Percentoge (n)
Smoking
Never 50 (466) 51 (63)
Past 29 (272) 30 (37)
Current 19 (176) 19 (23}

* For some eythyroid women, data were missing on body mass index {n=7}, blood pressure and HOL
chelesterol level (n=4), albumin level (n=2), creatinine concentration (n=1), and smoking habits (n=17).
+ Data on bady mass index, bload pressure, and smoking habits were each missing for 1 weman.

¥ P < 0.05, adjusted for age.
§ P=0.07, adjusted for age.

|| To convert mmol/L to mg/dL, multiply by 38.67.

# To convert umol/L to mg/dL, multiply by 0.0113.

Table 2. Characteristics of women according to vascular disease status

All Women Women with Women with a
aortic history
atherosclerosis of myocardial
infarction
(n=1055) {n=560) (n=79)
Mean + 5D
Age,y 68.9 + 7.5 707 + 74 711 + 69
Median (25", 75" Percentile)
Thyroid-stimulating hormaone level, 1.7 (1.1,2.7) 1.7 (1.1, 2.8) 2.0 (1.2,3.4)
mu/L
Percentage (n)
Women with subclinical 11.8 (124) 13.9 (78)* 21.5 (0Nt
hypothyroidism
Women with subclinical hypothy- 5.8 (61) 7.1 (40)* 139 (1)t
roidism and antibodies to thyroid
peroxidase
Women with antibodies to thyroid 21.6 (228) 21.4 (120} 26,6 (21)

peroxidase

* P < 0.05 compared with women without the specific vascular disease status (3 test).
1 P < 0.01 compared with women without the specific vascular disease status (3 test).
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lower levels of HDL cholesterol in age-adjusted comparisons.

Table 2 shows the characteristics of participants according to vascular
disease status. Fifty-three percent of participants (n=560) had aortic athero-
sclerosis at baseline, and 7.5% (n=79) had a history of myocardial infarction.
Subclinical hypothyroidism was present in 11.8% of women in our sample for
analysis. Women who had aortic atherosclerosis and a history of myocardial
infarction had a higher prevalence of subclinical hypothyroidism and subclinical
hypothyroidism accompanied by antibodies to thyroid peroxidase than those
who did not have these diseases. The prevalence of thyroid autoimmunity inde-
pendent of thyroid status itself did not differ significantly among the specific
subgroups. Among women with subclinical hypothyroidism, concentrations of
TSH were higher in those with antibodies to thyroid peroxidase than in those
without such antibodies (age-adjusted geometric means, 6.6 mU/L [CI, 6.1-7.1
mU/L] and 5.4 mU/L [CI, 5.0-5.8 mU/L], respectively; P = 0.001). Independent of
thyroid status, TSH levels were also higher in women who had antibodies to thy-
roid peroxidase than those who did not (geometric means, 2.4 mU/L [CL, 2.2-2.8
mU/L] and 1.6 mU/L [CI, 1.5-1.7 mU/L], respectively; P < 6.001).

Subclinical hypothyroidismn was associated with a dreater prevalence of
aortic atherosclerosis. The odds ratio (OR) for aortic atherosclerosis (1.7 [CL,
1.1-2.6]) was increased in women with subclinical hypothyroidisim (Table 3).
Women with subclinical hypothyroidism also had a greater prevalence of myocar-
dial infarction than euthyroid women (OR, 2.3 [CI, 1.3-4.0]) (Table 3). Additional
adjustment for BMI, total cholesterol and HDL cholesterol levels, systolic and
diastolic blood pressure, and smoeking status did not affect these associations,
nor did exclusion of participants who used B-blockers (data not shown). During
an average follow-up of 4.6 years, 16 women had a first incident myocardial
infarction. When we used a Cox proportional hazard regression analysis in
women with subclinical hypothyroidism, a statistically non-significant adjusted
relative risk of 2.5 (CI, 0.7-8.1) was observed for myocardial infarction.

Women with subclinical hypothyroidism and antibodies to thyroid peroxi-
dase had a greater prevalence of aortic atherosclerosis than euthyroid women
without antibodies to thyroid peroxidase (OR, 1.9 [CI, 1.1-3.6]) (Table 3). The
presence of antibodies to thyroid peroxidase increased the odds ratio for a his-
tory of myocardial infarction to 3.1 (CI, 1.5-6.3) in women who had subclinical
hypothyroidism compared with euthyroid women who did not have antibodies
to thyroid peroxidase (Table 3). Because only 1 woman with subelinical hypothy-
roidism and antibodies to thyroid peroxidase had a myocardial infarction during
follow-up, we were not able to compute the corresponding risk for incident myo-
cardial infarction. No association was found between the presence of antibodies
to thyroid peroxidase and aortic atherosclerosis or history of myocardial infarc-
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Table 3. Odds ratios for aortic atherosclerosis and history of myocardial infarction®

Condition
Variable present  absent Odds Ratio  Odds Ratio
(95% Ciit {959% Cl)+
n
Aortic atherosclerosis
Women with subcilinical hypothyroidism 77 37 1.7 (1.1;2.6) 1.8 (1.2;3.0)
Euthyroid women 474 376 18 15
Women with subclinical hypothyroidism 39 16 19 (1.1;3.6) 2.2 (1.1;43)
and antibodies to thyroid peroxidase
Euthyroid women without antibodies to 398 301 1§ 15
thyroid peroxidase
History of myocardial infarction
Women with subclinical hypothyroidism 17 a9 23 (1.3;40) 23 (1.3;4.2)
Euthyroid women 61 806 1§ 1§
Women with subclinical hypothyroidism 11 52 3.1 (1.5:63) 35(01.7;74)

and antibodies to thyroid peroxidase
Euthyroid women without antibodies to 52 660 1§ 15
thyroid peroxidase

* The number of women may not be exactly the same as in Table 2 because data on some covariates were
missing.

1 Adjusted for present age.

# Adjusted for present age, body mass index, cholesterol level, HDL cholesterol level, systelic and diastolic
bicod pressure, and smoking status (current, past, or never).

§ Reference risk.

tion when thyroid status was not altered (data not shown).

From our data, we calculated an attributable risk percentage of 60 and a
population attributable risk percentage of 14 for subelinical hypothyroidism
associated with myocardial infarction (Table 4). If subclinical hypothyroidism
is assumed to be causally related to myocardial infarction, our findings suggest

Table 4. Attributable risk percentages and population attributable risk percentages for
subclinical hypothyroidism and classic risk factors for cardiovascular disease associated with
incident myacardial infarction in wemen in the Rotterdam Study

. . Population
Risk Factor Age-Adjusted  Attributable Risk Attributable Risk
Relative Risk*
%
Subclinical hypothyroidism 25 60 14
Hypercholesterclemia 2.4 58 18
Hypertension 1.6 38 14
Smoking 2.0/1.2t 50/17t 15
Diabetes mellitus 24 58 14

¥ Determined by using Cox proportional hazards regression analysis.
t Age-adjusted relative risk and attributable risk percentage for current compared with never smokers,
and past compared with never smokers, respectively.
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that it contributed to 60% of cases of myocardial infarction among women
affected by subclinical hypothyroidism and that it was involved in the pathogen-
esis of 14% of all myocardial infarctions in the study sample. For purposes of
comparison, the attributable risk percentages and the population attributable
risk percentages for hypercholesterolemia, hypertension, smoking, and diabe-
tes mellitus associated with myocardial infarction in all ferale participants in
the Rotterdam Study are presented in Table 4.

Di1scussion

Our results show that subclinical hypothyroidism is highly prevalent among
elderly women and is associated with a greater frequency of aortic atherosclero-
sis and myocardial infarction. Among women with subclinical hypothyroidism,
these associations are slightly stronger in those who have antibodies to thyroid
peroxidase. Thyroid autoimmunity itself is not associated with aortic atheroscle-
rosis or myocardial infarction.

One limitation of our study is the cross-sectional nature of the design, which
necessitates careful interpretation of the results. The relative risk for myocar-
dial infarction in women with subclinical hypothyroidism in the prospective
part of our study was similar to the point estimate in the cross-sectional part of
our study. However, the CI was wide and included 1.0. Furthermore, we must
consider the fact that elevated TSH levels may be caused by nonthyroidal ill-
ness.** However, we excluded women with a low free thyroxine level and
observed that women with subclinical hypothyreidism did not differ from euthy-
roid women in levels of total protein, albumin, and creatinine. Therefore, it
s highly unlikely that nonthyroidal iliness affected the validity of our results.
Serum samples were obtained only from women who visited the research center.
We do assume that the nonresponse for the visit to the research center will
not depend on subclinical hypothyroidism differently among persons with or
without the presence of cardiovascular disease, making selection bias unlikely.
Furthermore, follow-up information was not available for all study participants
as a result of logistic reasons. Because we have noc reason to assume that
the relation between subclinical hypothyroidism and myocardial infarction in
women with complete follow-up data differs from this association in those with-
out follow-up data, we do not believe that this lack of information influenced the
validity of our results.

Approximately 11% of women in our sample had a TSH level > 4 mU/L. This
prevalence closely resembles that reported in women in the Wickham Survey,”
the Framingham Study,’ and a study in community-dweiling elderly persons.™
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Among all women in our sample for analysis, 13 (1.1%) had unrecognized overt
thyroid failure characterized by an elevated TSH level (> 4.0 mU/L) and an
abnormal free thyroxine level (<11 pmol/L [0.9 ng/dL]), which is in agreement
with reports of prevalence found during screening.* These data suggest that our
sample is representative of the general population.

Several studies on the association between coronary heart disease and sub-
clinical hypothyroidism have been done. Our results agree with those of previ-
ous case-control studies that also showed an association between subclinical
hypothyroidism and coronary heart disease in elderly women.»!® However, a
Finnish study that presented results of men and women together provided no
evidence that latent thyroid failure is associated with coronary heart disease.”
Female patients with coronary heart disease were shown to have significantly
lower serum levels of thyroid hormone than controls; however, subclinical hypo-
thyroidism did not seem to he related to the presence of coronary heart dis-
ease.! In the Wickham survey, no cross-sectional association with ischemic
heart disease was observed, but a weak association between minor electro-
cardiographic changes and minor degrees of hypothyroidism was found in
wormen.®

Data on atherosclerosis and subclinical hypothyroidism are scarce. A case-
control study in elderly women suggested an association between subclinical
hypothyroidism and peripheral arterial disease.? We are the first to describe an
association between subclinical hypothyroidism and atherosclerosis as assessed
by a noninvasive measurement in a general population sample. Aortic athero-
seclerosis was diagnosed by radiographic detection of calcified deposits in the
abdominal aorta, which has been shown to be a highly specific technique for
the measurerment of aortic intimal atherosclerosis.?! Falsenegative misclassifi-
cation may have occurred in our study, but it was probably independent of thy-
roid status and therefore may have affected our results only by causing us to
underestimate the association. Because we found that subclinical hypothyroid-
ism was associated with both atherosclerosis and myocardial infarction, our
data may indicate that atherosclerosis is involved in the mechanism by which
subelinical hypothyroidism and myocardial infarction are associated.

Several mechanisms that may be involved with the association of subclini-
cal hypothyroidism with atherosclerosis and myocardial infarction can be con-
sidered. A common cause of thyroid failure in elderly women is autoimmune
thyroiditis." It has been suggested that pathologic immune reactivity (e.g.,
irnmune complex-mediated vascular damage) may be important in the associa-
tion of autoimmune thyroiditis with coronary heart disease.®*® However, the lit-
erature on this asscciation is controversial. Some studies have described an
association between thyroid autoimmunity and coronary heart disease,®1%121437
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and other studies have not."#!"% Different uses of various generations of anti-
body assays and different definitions of thyroid autoimumunity may have played
a role in these discrepant findings. We found no association between the pres-
ence of antibodies to thyroid peroxidase itself and aortic atherosclerosis or
myocardial infarction, which weakens the notion that a pathologic immune reac-
tivity is important. We found that associations between subclinical hypothyroid-
ism and aortic atherosclerosis or myocardial infarction were slightly stronger
when subclinical hypothyroidism was accompanied by antibodies to thyroid per-
oxidase. This suggests that subclinical hypothyroidism, which is thought to be
more severe and lasting in the presence of thyroid antibodies, contributes to the
pathogenesis of cardiovascular disease.

Some authors found an atherogenic disturbance in the lipid metabolism in
subjects with subclinical hypothyroidism,** whereas other studies did not.**
Although in our study the total cholesterol level was higher in women with overt
hypothyroidism than in euthyroid women (data not shown), we did not find that
total cholesterol level was higher in women with subclinical hypothyroidism
than in euthyroid women. HDL and total cholesterol levels provided no patho-
physiologic explanation for the association of subclinical hypothyroidism with
aortic atherosclerosis and myocardial infarction. Other lipids - such as low-den-
sity lipoprotein (LDL) cholesterol level, enhanced LDL oxidation,* triglyceride
level, and lipoprotein{a) level® - may be responsible for the association between
subclinical hypothyroidism and cardiovascular disease, but we did not measure
these factors.

Other mechanisms that may be involved in the association between sub-
clinical hypothyroididsm and cardiovascular disease can be derived from
experimental data. In vitro, thyroid hormones inhibit collagen-induced platelet
aggregation’™ and directly relax smooth muscle.* These effects may be impor-
tant if thyroid hormones have the same effect in adult humans, although
in subclinical hypothyroidism, by definition, levels of thyroid hormone are
not. decreased. Hypothyroidism is accompanied by a hypercoagulable state,®
increased blood viscosity,® and a greater plasma concentration of total homo-
cysteine;” if these factors are also seen in subclinical hypothyroidism, they may
account for atherosclerostic and ischemic disorders.

In conclusion, we found that subclinical hypothyroeidism is highly prevalent
in elderly women and is strongly and independently associated with aortic ath-
erosclerosis and myocardial infarction. The population attributable risk percent-
age for subclinical hypothyroidism associated with myocardial infarction was
within the range of that for known major risk factors for cardiovascular disease.
Additional research should de done to determine whether this association can
be confirmed in a prospective study. If so, subsequent studies may focus on
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the effectiveness of possible therapies for subclinical hypothyreidism in elderly
women and the desirability of screening such women for this disorder.
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ABsTrACT

Atherosclerosis and osteoporosis are major causes of morbidity and mortality in postmeno-
pausal women and have been suggested to be associated. No study has examined whether
progression of atherosclerotic calcification is associated with bone loss. In the present study,
we examined progression of aortic calcification, diagnosed by radiographic detection of calci-
fied deposits in the abdominal aorta, in relation to metacarpal bone loss, as assessed by meta-
carpal radiogrammetry, during menopause. Initially premenopausal women (n=236), aged 45
to 57 years at baseline, were followed for 9 years.We additionally assessed the cross-sectional
association between the extent of aortic calcification and metacarpal bone mass and density
in 720 postmenopausal women. Twenty-five percent of women going through menopause
showed progression of aortic calcification. The average loss of metacarpal bone mass among
women with progression of aortic calcification was 3.2 mm? and their loss of metacarpal
hone density was 7.2%, whereas in women without progression of aortic calcification, these
losses were 2.0 mm? and 5.6%, respectively, adjusted for age and years of follow-up (P<0.05).
Additional adjustment for age at menopause, body mass index, blood pressure, smoking, dia-
betes mellitus, and use of hermone replacement therapy, thiazide, and loop diuretics did not
influence these results. In postmenopausal women, a graded, inverse cross-sectional associa-
tioch between the extent of aortic calcification and metacarpal bone mass and density was
found. In conciusion, our results indicate that progression of atherosclerotic calcification is

associated with increased bone loss in women during menopause.
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INTRODUCTION

Cardiovascular disease and osteoporosis are major causes of morbidity and
mortality in postmenopausal women'? and are generally considered unrelated.
Several studies, however, indicate that atheroscleresis and osteoporosis are
associated.*!? Calcification is a common feature of atherosclerotic plagues and
is regulated in a way similar to bone mineralization.!!® The relation of vascular
calcification to the pathogenesis of atherosclerosis and plague rupture is not
clear yet, but data indicate that moderate calcification of plaques contributes to
vascular morbidity and mortality.!™®

Several cross-sectional studies have been conducted on the association
between atherosclerotic calcification and osteoporosis among elderly
women. > Most of these studies found an association®® although some
did not.2'# Potential confounding factors other than age have not been taken
into account in most of these studies. >332 No study exarmined whether pro-
gression of atherosclerotic calcification is associated with bone loss. Because
the prevalence of atherosclerosis and osteoporosis increases from menopause
onward,®**® the change from the premenopausal to the postmenopausal state
may be an appropriate period to study this association longitudinally.

In the present population-based study, we examined the association between
progression of aortic calcification and metacarpal bone loss during menopause
in 236 women. In addition, we studied the cross-sectional association between
the extent of aortic calcification and metacarpal bone mass and density in 720
postmenopausal women.

MEeTEHODS

Population

Between 1975 and 1978, a population-based study on risk factors for chronic dis-
eases was conducted in the Dutch town of Zoetermeer. Inhabitants of 2 districts
were invited for a medical examination. In 1985, all female participants aged 45
to 64 years at baseline were invited for a follow-up examination. Details of this
study have been previously published.”®* The response rate of the women at
baseline was 77%. Of 1167 women invited for the follow-up study, 71 had died
and 87 had moved away. Of the remaining women, 855 (85%) were reexamined.

Aortic calcification
Aortic calcification was diagnosed by radiographic detection of caleified depos-
its in the abdominal aorta.?® At baseline and at follow-up, lateral abdominal films
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(T12-31) were made from a fixed distance while the subject was seated. Aortic
calcifications were considered present when linear densities were seen in an
area parallel and anterior to the lumbar spine (1L.1-14). Baseline and follow-up
values for the extent of calcification were scored according to the length of the
involved area (<l cm; 2-6 emy; 6-10 cm; and »10 c¢m). In the analyses, we consid-
ered the first 2 classes as mild calcification and the third and fourth classes as
advanced calcification.

Progression of calcification was defined as the occurrence of new calcifica-
tions or enlargement of the calcified area present at baseline. Baseline and fol-
low-up films were examined in pairs. The extent of progression was graded, but
because of the relatively small numbers in the categories, we combined severity
grades into 2 groups: progression absent and progression present in the analy-
ses. No subject showed a decrease in extent of aortic calcification.

All films were examined by 2 independent observers without knowledge of
the metacarpal bone mass and density of the subjects. Before the scoring, a
sample of the films was read by the 2 observers simultaneously so as to reach
agreement on interpretation of the scoring protocol. Observers were aware
of the date of the radiographs. If there were differences between observers
regarding readings, filis were reviewed by both observers simultaneously so
as to reach consensus. The score that was agreed upon by both observers was
recorded. The percentage of agreement for absence versus presence of progres-
sion was 88 and the x statistic was (.74,

The validity of radiographic assessment of aortic intimal calcification was
studied by comparisons made on necropsy material. The method was shown to
be highly specific, and in most cases, visible calcification represented advanced
atherosclerosis.?” A comparison study with computed tomography (CT) in 56
unselected elderly subjects showed that calcifications that were detected on the
abdominal X-ray in 32 subjects were independently shown to be located in the
aorta on the corresponding CT images in all but 1 subject.*® Moreover, aortic
calcification is known to be associated with cardiovascular disease risk fac-
tors##® and atherosclerosis at other sites® and to predict cardiovascular morbid-
ity and mortality.'>* Comparison of roentgenographic aortic calcification with
coronary artery calcium as detected by electron beam tomography at our depart-
ment within 457 subjects showed that aortic calcification was present in 3.9%,
13.7%, and 31.5% of the subjects within the lowest, the middle, and the highest
tertile of coronary artery calcium, respectively (P for trend < 0.001, adjusted for
age and sex). These results indicate that aortic calcification is strongly related
to coronary calcification.
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Metacarpal radiogrammetry

Anteroposterior radiographs of the hands were used for measurements of the
cortical thickness of metacarpals I, III, and IV of both hands. At baseline and at
follow-up, measurements of the outer diameter (D) and the medullar diameter
{d) of the metacarpal bones were conducted at the midshaft with the use of a x
7 magnifying loupe with an accuracy of 0.01 mm. The metacarpal cortical area
(MCA) was caleulated as the mean value of D?-d? for 6 metacarpals. As standard-
ization for differences in body size, the relative cortical area (RCA) was calcu-
lated. This was achieved by expressing the MCA as a percentage of the size of
the metacarpal bone: 100% x (D%-d?y/ D? for each metacarpal bone.?*? The mean
value of the 6 metacarpals was used for the analyses. The MCA and RCA can be
interpreted as indicators of bone mass and bone density, respectively. For the
MCA and the RCA, the total loss during follow-up was calculated by subtracting
the baseline measurements from those at follow-up. The observers measuring
the metacarpal bone mass and density were unaware of the aortic calcification
score of the subjects.

We estimated the measurement precision of metacarpal radiogrammetry in
100 duplicate measurements. The mean intraindividual standard deviation of a
duplicate measurement was 1.9 mm?® (4% of the initial mean value) for MCA and
2.5% (3% of the initial mean value) for RCA, which is sufficient to allow infer-
ences concerning bone loss after a 9-year period. In women, the mineral content
of the metacarpals correlates well with that at other peripheral skeletal bone
sites (r ranges from 0.75 to 0.96).2 The accuracy of the measurement was dem-
onstrated by Exton-Smith et al, ¥ who found a correlation of 0.85 between the
mineral content of the metacarpal cortical area and the ash mineral content of
the metacarpal bones.

Menopausal state

Menopausal state was assessed by a self-administered questionnaire that asked
whether the menses had stopped, and if so, at what age and the reason for its ces-
sation (natural or artificial). The type of artificial menopause was ascertained
during an interview by a doctor. Postmenopausal state was defined as no men-
struation for at least 1 year.

Assessment of covariates

Assessment of covariates was similar at baseline and at follow-up. Height and
weight were measured without shoes and with indoor clothing. Body mass index
(BMI} was calculated (weight/height®). Blood pressure was measured with a
random zero sphygmomanometer with the subject seated. The mean of 2 read-
ings was reported. Serum total cholesterol at baseline was measured by an
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automatic enzymatic method. During follow-up, a modified reagent was used
(CHOD/PAP high performance, Boehringer-Mannheim). Information on smoking
habits and medical history was obtained by a seif-administered questionnaire,
which was checked during an interview by the study physician. Diabetes mel-
litus was considered present when it was reported in the questionnaire and con-
firmed during the interview with the physician. Subjects were asked to bring
their current medication to the research center, where treatments were noted.

Population for analysis

Of the 855 women examined at follow-up, menstruation had ceased for < 1
vear in 7 women, and for 11 women information on menopausal state was miss-
ing. Because films were missing or not readable, information on aortic calcifi-
cation and/or metacarpal bone density was missing in 45 women, leaving 792
postmenopausal women. Of these women, 282 were premenopausal at base-
line. Data on progression of aortic calcification or bone loss were missing in
27 women. Age at menopause could not be ascertained for 19 women, leaving
236 women for the analysis considering the association between progression
of aortic calcification and bone loss. The mean duration of follow-up for these
women was 8.9 + 0.8 years. For the cross-sectional analysis in postmenopausal
women at follow-up, we excluded women with missing information on age at
menopause only if their age at follow-up was < 60 years (n=72), because we
assumed elderly women to be postmenopausal. This left 720 postmenopausal
women for the cross-sectional analysis at follow-up.

Data analysis

Initially, we compared continuous baseline characteristics between premeno-
pausal women with and without progression of aortic calcification during fol-
low-up by use of a general linear model adjusted for age. Dichotomous variables
were compared by a ¥ test.

We used a general linear model to compute and compare adjusted mean
values of metacarpal bone loss in categories of progression of aortic calcifi-
cation. The cross-sectional association between aortic calcification and meta-
carpal bone mass and density in all postmenocopausal women at follow-up was
assessed by linear regression analysis with MCA and RCA as dependent vari-
ables and the variable indicating the extent of aortic calcification (no, mild, or
advanced) as an independent variable. A test of significance for the coefficient
of this ordinal variable was considered to be a test for trend. Adjusted mean
values of bone mass and density in categories of aortic calcification were com-
puted by use of a general linear model.

A 2-sided probability value < (.05 was considered statistically significant.
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SPSS 8.0 for Windows was used for analyses.

REsuirs

The characteristics of the study population are showrn in Table 1. The age of pre-
menopausal women at baseline ranged from 45.0 to 56.8 years. Mild aortic cal-
cification was present in 25 premenopausal women at baseline, whereas only 1
woman showed advanced aortic calcification. Metacarpal bone mass (MCA) and
density (RCA) decreased during follow-up, by 4.5% and 7.4%, respectively. The
age of all postmenopausal women at follow-up ranged from 53.5 to 76.2 years.
During follow-up, progression of aortic calcification was observed in 59
women going through menopause (25%). No subject showed a decrease in the
extent of aortic calcification. Compared with premenopausal women without

Table 1. Baseline and follow-up characteristics of the study population

Premenopausal at baseline
and postmenopausal at

All postmeno-

pausal women at

follow-up follow-up
Baseline Follow-up Follow-up
{n=236) {n=236) (n=720)
Age, y 490 +25 579 4+ 26 629 + 56
Height, m 164 + 0.06 1.63 £ 0.06 1.62 + 0.06
Weight, kg 67.2 +97 692 + 11.3 69.0 + 104
Body mass index (BMI), kg/m® 251 +34 261 + 42 263 + 39
Systolic blood pressure, mmHg 132 +19 141 1 21 145  + 21
Diastolic blood pressure, mmHg 82 +11 83 =+£¢9 82 +10
Serum cholesteroi, mmol/L 58 £ 09 70 +1.2 72 +£13
Current smokers, % 37 28 24
Farmer smokers, % 27 36 31
Diabetes mellitus, % 1 4 &
tse of hormone replacement therapy, % 0.4 3 1
Use of thiazide diuretics, % 13 14 15
Use of loop diuretics, % 0.4 2 4
Cardiovascular disease history, % 1.7 3.4 35
Mild aortic calcification, % 11 16 23
Advanced aortic calcification, % 0.4 11 20
Metacarpal Cortical Area (MCA), mm® 515 + 66 492 4+ 65 479 + 65
Relative Cortical Area (RCA), % 81.2 75.2 71.7

Values are mean + S or percentages.
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progression of aortic calcification during follow-up, women with progression of
aortic calcification had a higher systolic blood pressure (136 versus 130 mmteg,
respectively; P=0.03), a higher serum cholesterol level (6.2 versus 5.7 mmiol/L,
respectively; P<(.001), both adjusted for age, and smoked more (56% versus 31%,
respectively; P=0.001) at baseline. No significant differences were seen in other
cardiovascular disease risk factors.

Tabile 2. Bone loss according to pregression of acrtic calcification in 236 women
premenopausal at baseline and going through menopause during follow-up

Aortic Calcification

Bone loss Progression No Progression P-value
(n=59) (h=177)

Change in MCA, mm™ -32 £ 04 -20 + 0.2 0.01

Change in MCA, mm’t -35 + 04 20+ 02 < 0.01

Change in RCA, %* -7.2 + 06 -5.6 + 03 0.02

Change in RCA, %t -75 + 06 -5.5 + 0.3 <0.01

Values are mean + SE.

MCA = metacarpal cortical area,

RCA = relative cortical area.

* Adjusted for age and years of follow-up.

1 Adjusted for age, years of follow-up, age at mencpause, body mass index zt baseline, change in hody
mass index during follow-up, systolic bloed pressure at baseline, change in systolic blood pressure during
follow-up, smoking at basefine {never, former, or current}, stopping and starting of smoking during
follow-up, diabetes melfitus at baseline, diabetes mellitus developed during foflow-up, and use of
hermone replacement therapy, thiazide, and loop diuretics at baseline and at follow-up. Because of
missing vaiues, the number of subjects is not exactly the same.

Table 3. Bone mass and density according to aortic calcification in 720 postmenopausal
women at follow-up

Aortic calcification

Bone measure No Mild Advanced P-trend
(h=409) (n=167) (n=144)

MCA, mm™ 481 + 0.3 484 + 05 454 + 0.5 0.02

MCA, mmt 482 + 03 485 + 0.5 465 + 0.5 0.04

RCA, %* 72 £ 04 715 + 0.6 70.8 + 0.6 0.06

RCA, %t 722 4 04 717 + 06 71.1 + 0.6 0.15

Values are mean + SE.

MCA = metacarpal cortical area.

RCA =relative cortical area.

* Adjusted for age.

T Adjusted for age, body mass index, systolic blood pressure, smoking {never, former, or current),
diabetes mellitus, and use of hormone replacement therapy, thiazide, and loop diuretics at follow-up.
Because of missing values, the number of subjects is not exactly the same,
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Among women with progression of aortic calcification, the average loss
of initial metacarpal bone mass was 6.1%; their average loss of initial metacar-
pal bone density was 8.9%. In women without progression of aortic calcifica-
tion, these losses were 3.9% and 6.9%, respectively. Additional adjustment for
potential confounding factors did not influence these results (Table 2), nor did
additional adjustment for cardiovascular disease history (data not shown). In
wommen already posimenopausal at baseline, there was no association between
progression of aortic calcification and metacarpal bone loss during follow-up
(data not shown).

We detected an inverse, graded, cross-sectional association between extent
of aortic ealcification and metacarpal bone mass and density in all postmeno-
pausal women at follow-up, adjusted for age {Table 3). Again, additional adjust-
ment for potential confounders did not influence the results (Table 3), nor did
additional adjustment for cardiovascular disease history (data not shown).

Discussion

Our results show that during menopause, women with progression of aortic cal-
cification lose more metacarpal bone than women without progression of aortic
calcification. In postmenopausal women, a higher degree of aortic calcification
is associated with a lower metacarpal bone mass and density.

When interpreting our results, some methodological issues should be taken
into account. An advantage of the present study is the fact that the association
between progression of aortic calcification and bone loss was studied during
menopause, the period from which onward the prevalence of atherosclerosis
and osieoporosis increases.*? The prevalence of hormone replacement therapy
use in our population was low, which was common in the Netherlands during
the period the present study was conducted.® We measured aortic calcification
radiographically. We assume this is intimal calcification, which is clearly distin-
guishable from medial calcification.®® A limitation of our measurement of aortic
calcification is the fact that it detected progression in a linear manner, whereas
in fact it may have been circumferential. However, we assume that errors in
the measurement of progression of aortic calcification and bone loss occurred
randomly, which means that, if anything, we underestimated the association
between progression of aortic calcification and bone loss. Although the density
of caleification may be relevant with respect to plague vulnerability and the sub-
sequent onset of acute coronary events, the present study does not provide data
on the density of calcification. No woman showed a decrease in the extent of
aortic caleification. However, the fact that readers were aware of date of the

161



Chapter 4.2

radiographs could have biased them against the detection of decreased calcifica-
tion. Lack of information contributed to loss of data. We assume that the asso-
ciation heiween progression of aortic calcification and metacarpal bone loss
will not differ between subjects with or without complete availability of data,
making selection bias uniikely.

We are the first to describe an association between progression of athero-
sclerotic caleification and bone loss in women during menopause. The results
of the present study are in line with those previous studies that showed cross-
sectional associations between bone mineral density and aortic calcification,®®
carotid plaques,” and coronary calcification® among elderly women. Most of
the reported studies, however, did not adjust for potential confounding factors
apart from age.>*8212 Vogt et al® found an association between aortic calcifica-
tion and bone mineral density at 2 of the 5 measured sites, which remained after
adjustiment for potential confounders. Two studies in elderly women found an
adjusted association between bone mass and density at baseline and cardiovas-
cular death® and mortality due to stroke! during follow-up.

Atherosclerotic calcification and bone mineralization show similarities. The
mineral within calcified atherosclerotic plaques is hydroxyapatite, the same
mineral found in bone,’* and matrix vesicles, the initial nucleation sites for
hydroxyapatite mineral in bone, are found in atherosclerotic lesions.? Calcifying
vascular cells appear in many ways similar to osteoblasts,'® and specific factors
and proteins crucial to bone formation are also present within atherosclerotic
lesions. The bone differentiation factor bone morphogenetic protein-2a has been
found in atherosclerotic lesions,'* and arterial calcification involves a variety of
bone matrix proteins, such as type-1 collagen,'” and the noncollagenous proteins
ostecpontin!! and osteocalcin.®®

The association between progression of aortic calcification and bone loss
during menopause may result from a common etiological factor, such as estro-
gen deficiency. Epidemiological data suggest that estrogen deficiency is a risk
factor for cardiovascular disease and osteoporosis.®® Arteries and bone are
target organs for estrogen. Estrogen receptors have been demonstrated on vas-
cular endothelial and smooth muscle cells,®® osteoblasts,® and osteoclasts,*
suggesting a direct effect of estrogen on vascular and bone cells. Whereas all
subjects went through menopause, women with progression of aortic calcifica-
tion had more bone loss than women without progression of aortic calcification,
suggesting that there could be a difference in estrogen loss between subjects.
On the other hand, it may not be estrogen deficiency per se, but sensitivity to
estrogen deficiency (e.g., due to variability of the estrogen receptor gene)*' that
is the common etiologic factor.

Calcium-regulating hormones may be involved in the association between

162



Progression of vascular calcification and bone loss

vascular calcification and ostecoporosis. Parathyroid hormone levels increase
with aging.* Concurrently, estrogen deficiency is suggested to increase the sensi-
tivity of the skeleton to parathyroid hormone® and to reduce intestinal calcium
absorption.* Hyperparathyroidism, which can also be induced in the elderly by
vitamin D deficiency, can on the one hand contribute to bone loss® and on the
other hand add to soft tissue calcium deposition, in particular, vascular calcifica-
tion.

Alternatively, it may not be calcification itself but progression of the underly-
ing process of atherosclerosis that is associated with bone loss. Estrogen defi-
ciency may have indirect effects on arteries and bone by the production of
inflammatory agents, such as interleukin-1 and -6, and tumor necrosis factor,*
which are involved in atherogenesis'” and coniribute to bone resorption. &%
Another common factor to explain the apparent association between atheroscle-
rosis and bone loss may be the presence of oxidized lipids, which promote
atherogenesis®™ and inhibit differentiation and mineralization of bone cells.”
Plasma homocysteine is a cardiovascular risk factor that inereases after meno-
pause,’ and osteoporosis is a common feature in patients with homocystin-
uria.® Although no association between homocysteine and bone density was
found in a small group of postmenopausal women,” hyperhomocysteinemia
might be involved in the association between atherosclerosis and osteoporosis.

In summary, our results indicate that progression of atherosclerotic calcifi-
cation is associated with bone loss in women during menopause, suggesting a
common etiologic factor.
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General discussion

ESPITE THE RESEARCH that has been carried out in the past decade on cardio-
Dvascular disease in women, the gender gap in coronary heart disease occur-
rence is not completely understood until now.! The work presented in this thesis
aims at gaining insight into gender specific issues of cardiovascular disease
and the cause of the rising incidence of cardiovascular disease in women after
middle age by studying putative endocrine and metabolic risk factors. The short-
comings and merits of the presented studies have been discussed in the pre-
vious chapters. In this chapter, the findings are placed in a broader context.
Subsequently, some methodological considerations are discussed and views on

further research regarding gender specific issues of cardiovascular disease are
put forward.

MAIN FINDINGS
Classical risk factors for atherosclerosis

Metabolic syndrome

The insulin resistance syndrome attenuates the female advantage with regard to
cardiovascular disease occurrence.”® The eticlogy of the clustering of metabolic
factors in the insulin resistance syndrome remains controversial. A common
view is that insulin resistance, with its compensatory hyperinsulinemia, is the
underlying mechanism.* Alternatively, abdominal obesity may be the primary
defect of the clustering.’ Our data described in chapters 2.2 and 2.3 and those of
others®® give support. to the hypothesis that raised concentrations of proinflam-
matory cytokines, originating from various cells, and the resultant acute-phase
response are an integral part of the metabolic clustering.® In follow-up studies,
markers of inflammation have been shown to predict diabetes mellitus,'** sup-
porting a role for inflammation in diabetogenesis.

In addition to providing insight into the mechanism of diabetogenesis, the
association between insulin resistance and inflarnmation may further lluminate
afeature underlying the well-known relationship between insulin resistance and
cardiovascular disease in which inflammation is thought to be crucial.?? The
association between inflammation and atherogenesis is supported by our find-
ing that C-reactive protein (CRP), a marker of low-grade inflammation, is associ-
ated with carotid artery intima-media thickness in healthy, middle-aged women,
as described in chapter 2.2. In these middie-aged woren, carotid artery intima-
media thickness explained much less of the variance of CRP than body mass
index (BMI), a marker of adiposity, did. One explanation would be that in mid-
dle-aged women, in whom the burden of athercsclerosis is low, adipose tissue
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contributes more to the inflammatory state than atherosclerosis. Also, the fact
that BMI is likely to be more accurately measured than the burden of athero-
sclerosis, by measuring carotid artery intima-mediza thickness, may have contrib-
uted to this difference.

Obesity

Obesity is considered to be a risk factor for cardiovascular disease,’® particu-
larly among women.'* The mechanism through which obesity adversely affects
atherogenesis is primarily thought to be due to the effects of the adverse risk
factor profile associated with obesity, such as elevated blood pressure, blood
lipids, and blood glucose. Our results in middle-aged women as described in
chapter 2.2 and those of others! indicate that adiposity is strongly related to
low-grade inflammation, suggesting an additional mechanism through which adi-
posity adversely affects cardiovascular disease risk. In our study population, of
all indices of adiposity waist circurnference showed the strongest relationship
with CRP, suggesting that abdominal fat deposition is most important in induc-
ing inflammation.

The association between obesity and cardiovascular disease has been
found to be less pronounced among smoking womer than among nonsmoking
wornen.'%"® The dilution of the association between body weight and cardiovas-
cular disease among smokers is often ascribed to the weight-lowering effect of
smoking * In the study described in chapter 2.1 among postmenopausal women,
we studied an alternative hypothesis, being that the atherogenic effect of smok-
ing may be different among subjects with lower compared with those with
higher body weight. We observed that the association between cigarette smok-
ing and progression of atherosclerosis is stronger in lower-weight than in higher-
weight postmenopausal women. Our results are In agreement with data showing
that lower-weight older women are at increased cardiovascular disease mortal-
ity risk® and suggest that adipose tissue in postmenopausal women may not
only exert hazardous atherogenic effects. We hypothesized that among smok-
ing postmencpausal women with higher body weight the antiestrogenic effects
of smoking® may, at least partly, be counteracted by endogenous estrogen
retrieved from aromatization of adrenal androgens in adipose tissue.**? The
extent to which our results are generalizable to cardiovascular events and mor-
tality needs to be determined.

Menopause, sex steroids, and cardiovascular disease risk

Menopause
The assumption that the higher incidence of cardiovascular disease among older
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women is due to menopause is long and widely held but still debated.*** Data
on the association between menopause and cardiovascular disease are inconsis-
tent. Several studies have shown an inverse association between age at natural
menopause and risk of cardiovascular disease,? whereas others have not.*3#
The inconsistency of results of studies on the association between age at meno-
pause and cardiovascular disease may be due to a methodological problem,
being a lag time of at least 10 years between menopause and the occurrence
of coronary heart disease in women, which makes the effect of menopause dif-
ficult to disentangle from the effect of age. On the other hand, many studies
did not examine the association between age at menopause and cardiovascular
disease by smoking status. Smoking may seriously confound this association
because it is strongly related to early menopause® and increases the risk of
cardiovascular disease. In the Nurses’ Health Study, the association between
younger age at menopause and higher risk of coronary heart disease was found
to be present among current and past smokers, but not among never smokers.*
This observation, however, was based on only a small number of coronary heart
disease cases.

Menopause and cholesterol

Cholesterol is the primary cardiovascular risk factor affected by menopause!™®
with a wide variation in change. Our resulis in a population-based study among
women experiencing natural menopause as described in chapter 3.1, show that
the increase in cholesterol level with menopause is 30% lower in women with
the APOEZES genotype when compared with women with the most commonly
occurring APOE3ES genotype. These results indicate that the APOE genotype
contributes to the variation in change in cholesterol with menopause. The varia-
tlon in increase in cholesterol with menopause is far from completely explained
by the APOE genotype. Other factors, such as density or type of estrogen recep-
tors, which mediate the activation of the hepatic lipoprotein receptors in the
liver,”® may be involved in the increase in cholesterol with menopause,

It seems reasonable to speculate that the amount of change of cholesterol
with menopause would have an impact on the development or progression of
atherosclerosis and cardiovascular disease. In the Healthy Women Study, the
amounts of coronary and aortic atherosclerosis measured shortly after meno-
pause were not found to be related to changes in levels of low-density lipopro-
tein (LDL) cholesterol with menopause.” However, a longer follow-up time may
be necessary for effects of higher cholesterol levels on atherogenesis to become
detectable. Although after menopause women reach higher levels of cholesterol
than men, the female advantage with regard to cardiovascular disease occur-
rence is not erased. This may be attributable to the fact that women have a
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larger and less atherogenic LDL particle size than men.*” Despite higher levels,
women may therefore be relatively protected against the atherogenic conse-
quences of increasing cholesterol levels.

Menopause and homocysteine
Apart from the increase in cholesterol level, the mechanisms through which
menopause might exert its effect on the cardiovascular system remain largely
unknown. In a meticulously selected population of age-matched premenopausal
and postmenopausal women, we found that homocysteine levels were %
(0.8 umol/L) higher in postmenopausal women than in prermenopausal wormen
(chapter 3.2), proposing an additional mechanism through which menopause
may adversely affect cardiovascular disease risk. Boushey et al®® estimated an
increase in homocysteine level of 5 pmol/L to be associated with an odds ratio
of 1.8 for coronary artery disease in women, indicating that an increase in homo-
cysteine level of 0.8 pmol/L with menopause does exert only a small effect on
coronary artery disease risk. However, throughout the analyses of Boushey et
al®® conservative assumptions were used, indicating that the true effect of homo-
cysteine on coronary artery disease risk may be larger. Furthermore, when com-
paring homocysteine levels between cardiovascular disease cases and controls
in The European Concerted Action Project, homocysteine levels were only 1.5
umol/L higher in cases than in controls.®

Hyperhomocysteinemia is considered to be an independent risk factor for
atherosclerotic vascular disease. Although the association between homocys-
teine levels and cardiovascular disease is biologically plausible® and generally
strong in cross-sectional and retrospective case-control studies, the data from
prospective studies are less consistent.®% Possibly, homocysteine may be pre-
dominantly a marker of atherosclerosis or a late-stage predictor of cardiovascu-
lar disease, as suggested by others.® Currently, randomized trials are in progress,
also arnong women,® to test whether lowering homocysteine levels by folic acid
and vitamin B supplementation will decrease risks of cardiovascular disease.
Although results of these trials will not prove that homocysteine is a cardiovas-
cular risk factor, the public health implications of the trial results may be very
important given the simplicity and low cost of vitamin therapy.®

Hormone replacement therapy: estrogens

Results from observational studies indicate that estrogen therapy reduces car-
diovascular morbidity and mortality risk in postmenopausal women by as much
as 40%.5% A problem when studying the effect of estrogen suppletion in obser-
vational studies, however, is selection bias because healthier women tend to use
hormones, which may explain the apparently protective effect of oral estrogen
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on cardiovascular disease.®® Many randomized controlled trials on effects of hor-
mone suppletion on cardiovascular disease risk factors have been conducted, of
which the Postmenopausal Estrogen/Progestin Interventions (PEPI) Trial is one
of the largest and most famous.” The most consistent reported findings of these
trials were favorable effects of hormone suppletion on the lipid profile. In the
Romeo trial (chapter 3.3), we found that hormone replacement therapy is associ-
ated with a small decrease in homocysteine levels in perimenopausal women.

Contrary to the expectation of most, however, the first randomized trials
on secondary prevention of coronary heart disease, the Heart and Estroger/
Progestin Replacement Study (HERS),” or coronary atherosclerosis, the Estro-
gen Replacement and Atherosclerosis trial (ERA),™ did not show cardioprotec-
tive effects of hormone replacement therapy. Results of these irials may indicate
that the bias in observational studies is larger than thought until now. The dis-
crepancy with the results from observational studies may also be due to the
fact that the cardiovascular benefits may emerge only after several years of
hormone replacement therapy.™™ Therefore, subjects susceptible to adverse
atherothrombotic effects of hormone replacement therapy are not detected in
observational studies. Furthermore, in the HERS™ and ERA™ progestins were
part of the therapy regimens, whereas results from observational studies are
mainly based on the use of unopposed estrogen, which may exert stronger
cardiovascular protective effects as supported by results from a recently con-
ducted trial.”™ Also, the HERS™ and ERA™ were conducted in women with docu-
mented coronary heart disease and hormone replacement therapy was initiated
late, an average of 20 years after the cessation of menses. It can therefore not be
ruled out that hormone replacement therapy is effective In preventing the devel-
opment of atherosclerotic disease. Final answers have to come from primary
prevention trials that are currently being carried out.™™ The data available up
to date do not justify the initiation of use of hormone replacement therapy for
the secondary prevention of cardiovascular disease.”™

Hormone replacement therapy: health effects

Hormone replacement therapy relieves postmenopausal vasomotor and genito-
urinary sympioms.”®¥ Long-term use of postmenopausal hormone therapy is
advocated for prevention of disease and prolongation of life. Next to potential
effects on the occurrence of cardiovascular disease, the effects on other disease
outcomes such as potential favorable effects on the prevention of fraciures® ™
and adverse effects on breast cancer® have to be taken into account when esti-
mating the health effects of long-term postmenopaunsal hormone replacement
therapy use. Using effect estimates of hormone replacement therapy from obser-
vational studies (a protective effect on cardiovascular disease, a favorable effect
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on the prevention of fractures, and an adverse effect on breast cancer) Dutch
women from the general population are expected to achieve only a modest gain
in life expectancy by using hormones for 10 or 20 years following menopause.®
The potential gain in life expectancy to be achieved by postmenopausal hor-
mone therapy use is modest because of the low incidence of coronary heart dis-
ease and hip fracture in relation to the relatively high incidence of breast cancer
in Dutch women in the first 2 decades following menopause.® Among Ameri-
can women, the lifetime use of hormones is expected to exert a more favor-
able, albeit still limited, effect.’” The different findings in Dutch and American
women arise from differences in relative frequencies of cardiovascular disease
and breast cancer in the Dutch and American population.® In the described mod-
eling studies,*® no data on potential effects of hormone replacement therapy
on dementia®® and colon cancer® are incorporated. If these diseases turn out
to be favorably affected by hormone replacement therapy, the answer to the
guestion whether or not treating women with hormone replacement on a long-
term basis has favorable health effects may sound more positive. However, even
then many questions, such as what is the optimal age to start therapy and how
long should treatment be continued, will be Ieft unanswered.

Hormone replacement therapy: androgens

Androgen therapy is considered to be an attractive treatment modality to poten-
tially benefit psychological well being, body composition, and strength in the
elderly.®?! Inclusion of androgens in postmencpausal hormone replacement reg-
imens is not uncommeon and is likely to become more widespread.® Until now,
however, no data are available on its long-term effects. Because of the fact
that in the Netherlands from the late 1950s until 1980s a substantial part of the
hormones indicated for menopausal complaints consisted of intramuscularly
administered combined estrogen-testosterone therapy, we had the opportunity
to siudy effects of androgen suppletion on atherosclerosis in postmenopausal
women. The resulis of our study described in chapter 3.4 suggest that testos-
terone therapy may adversely affect atheroscierosis in postmenopausal women
and indicate that androgen replacement in these women may not be harmless.
Although our results are based on observational data, the “healthy women
effect”™ would only have diluted the positive association found in our study,
implying that the adverse effect of testosterone in women may even be stronger
than our results suggest. The finding in our study, however, is based on intramus-
cularly administered high-dose testosterone, a mode of administration that is
currently not being used anymore. The mode of administration may be crucial
for the effect of testosterone on cardiovascular disease risk factors, such as
lipids. Therefore, the extent to which our results are generalizable to the effects
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of new preparations developed specifically for women needs to be determined.
Endogencous hormone levels

Endogenous hormone levels have been suggested to contribute to cardiovas-
cular disease pathofysiology exerting opposite effects in the sexes: in women
estrogens were hypothesized to protect against cardiovascular disease and
androgens were thought to exert adverse cardiovascular effects, whereas in
men the associations were hypothesized to be the other way around.®® Ecolog-
ical studies do not provide support for the hypothesis that endogenous estro-
gen levels protect against cardiovascular disease in women: Japanese women
exhibit the lowest coronary heart disease rates in the world and also have
the lowest endogenous estrogen levels.? Estrogen levels have also not been
found to be related to cardiovascular mortality in women.” Only recently, how-
ever, assays with extremely low detection limits suitable for measuring estrogen
levels in the low postmenopausal range have become available. When using this
assay, neither we found an association between endogenous estrogen levels and
atherosclerosis among postmenopausal wormen (unpublished results). The fact
that until now no association has heen found between estrogen level and cardio-
vascular disease in postmenopausal women may be due to the fact that estro-
gen exposure is not accurately reflecied in a single measurement of its level
and a potential deterioration of hormone values with prolonged storage.® When
we used bone density as a marker of curnulative estrogen exposure, we found
an association between ‘estrogen’ (=bone density) and atherosclerosis in post-
menopausal women and in women experiencing natural menopause {chapter
4.23, which does support the hypothesis. Another possibility is that exposure
to estrogen in prernenopausal years may be more important in the association
with cardiovascular disease, analogous with the finding that risk factors eval-
uated premenopausally are powerful predictors of atherosclerosis measured
after menopause.’” However, not much data are currently available regarding
this hypothesis.

In population studies, endogenous androgen levels were not found to
be related to cardiovascular events in men®%'® or women.”® Results of
several studies on endogenous androgens and atherosclerosis have been
inconsistent.’®*% Qur data described in chapter 3.5 show that higher endoge-
nous testosterone levels in men are associated with a lower prevalence of aortic
atherosclerosis and a lower risk of aortic atherosclerotic progression. The appar-
ent diserepancy between our results and the results of studies in which no asso-
ciation between endogenous testosterone levels and coronary heart disease in
men was reported®®%1%° may be attributable to the fact that we studied nonsmok-
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ers only and to the fact that the aorta might be more vulnerable to the effects
of endogenous sex steroids than other arteries. Aortic atherosclerosis has been
found to be associated with an up to 9-times increased risk of ischemic stroke!*®
indicating its importance in relation to cardiovascular disease. Mechanisms pos-
sibly involved in the association between aortic atherosclerosis and stroke may
be pulse pressure or embolt being released from atherosclerotic lesions in the
aortic arch. The fact that in our male study population we aiso found a protec-
tive effect of higher endogenous androgen levels for the occurrence of strokes
(unpublished results) supports this inference. Until now, it is unclear whether
testosterone is causally involved in atherogenesis. Possibly, higher levels of tes-
tosterone do not protect against atherosclerosis in men, but are merely a marker
of good health.'™ In women participating in our study (chapter 3.5), higher
levels of testosterone tended to be positively associated with aortic atheroscle-
rosis, which was largely accounted for by adverse cardiovascular disease risk
factors, such as diabetes mellitus. The hyperandrogenicity in postmenopausal
women with diabetes mellitus has been described before.!'® This association
may provide insight into the mediation of cardiovascular consequences of diabe-
tes in women, as has been suggested previously.'*!

Thus far, our results on endogenous androgen levels (chapter 3.5) and high-
dose testosterone suppletion (chapter 3.4) indicate that androgens may lead
to adverse cardiovascular disease risk factors and atherosclerosis in women,
whereas in men higher endogenous androgen levels may protect against aortic
atherosclerosis (chapter 3.5).

Alternative endocrine cardiovascular disease risk factors

Subclivical hypothyroidism

In the Netherlands, the use of thyroid supplementation is very low as opposed to
the high frequency of its usage in the USA. Therefore, we were able to study the
association between subclinical hypothyroidism!? and cardiovascular disease
in women participating in the Rotterdam Study. Our results indicate that sub-
clinical hypothyroidism is a strong risk indicator for atherosclerosis and myo-
cardial infarction in elderly women, as described in chapter 4.1. A limitation of
our study is the cross-sectional nature of its design, which limits the validity
of causal interpretation of our results. However, the relative risk for women
with subclinical myocardial infarction in the prospective part of our study was
similar to the point estimate in the cross-sectional part of our study, although
it did not reach statistical significance. Additional research has to be done to
determine whether the association between subclinical hypothyroidism and ath-
erosclerosis and myocardial infarction can be confirmed in a prospective study.
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Subclinical hypothyroidism is highly prevalent in postmenopausal women*'?114
and the relative risk associated with myocardial infarction as derived from our
data is substantial. The population attributable risk percentage for subclinical
hypothyroidism with myocardial infarction is therefore considerable and esti-
mated to be within the range of that for known major risk factors for cardiovas-
cular disease, as described in chapter 4.1. Besides, subclinical hypothyroidism
is known to progress to overt hypothyroidism with a rate of 5-15% per year,
the rate being highest in women in whom thyroid antibodies are present.!!®
The manifestations of overt hypothyroidism vary considerably among patients
and therefore it is often not recognized. The serum thyroid stimulating hor-
mone (TSH) assay is considered to be an accurate diagnostic test for hypothy-
roidism, although this point of view is not universally shared.!® Furthermore,
effective treatment therapies are available for thyroid dysfunction. The enumer-
ated issues indicate that thyroid dysfunction meets many criteria justifying pop-
ulation screening,''’ as is already advocated in the USA in women aged 35 years
and over.'*® In this recommendation,''® the possible association of subclinical
hypothyroidism with cardiovascular disease was not considered yet.

Bomne loss

Next to cardiovascular disease, osteoporosis is a common cause of morbidity
and mortality in postmenopausal women.'** Among women experiencing natural
menopause, we found the progression of atherosclerotic calcification to be asso-
ciated with increased bone loss, as described in chapter 4.2. Moderate calcifica-
tion of plagues is thought to contribute to vascular morbidity and mortality,2*'*
indicating its importance in the pathofysiology of cardiovascular disease. More
insight into the causes and consequences of vascular calcification with regard to
coronary heart disease will be provided by studies using noninvasive measure-
ment of calcification in the coronary arteries, such as electron-beam computed
tomography.

The association between progression of atherosclerotic calcification and
hone loss during menopause may provide insight in the pathofysiology of these
diseases and provide clues for prevention and treatment. Interestingly, bisphos-
phonates, which are used for the treatment of osteoporosis, appear to prevent
deposition of calcium in arterial walls in animal experiments,'**' gyggesting
that treatrment with bisphosphonates may favorably affect atherosclerotic calci-
fication. On the other hand, changes in vascular wall calcification may render
some plagues more prone to rupture and lead to an increased risk of cardio-
vascular events during bisphosphonate treatment.** Reviewing cardiovascular
events in a large database from trials evaluating risedronate in the treatment
and prevention of postmenopausal and corticosteroid-induced osteoporosis
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revealed no evidence that risedronate influences the occurrence of cardiovascu-
lar disease,'® however, studies thus far were not designed to examine the effect
of bisphosphonate therapy on cardiovascular disease rates.

Alternatively, it may not be calcification itself but the underlying process of
atherosclerosis that is associated with bone loss. A common etiologic factor,
such as estrogen deficiency or sensitivity to estrogen deficiency due to varia-
tions in the density or type of estrogen receptors, may be involved in the asso-
ciation between atherosclerosis and osteoporosis. Furthermore, statins, which
are used for lipid lowering, have been reported to promote bone formation. 126
Triggered by this finding, observational studies followed,'*™1?® which found that
bone mineral density was increased”® and fracture incidence was reduced in
subjects taking statins. Reanalysis of randomized controlled trial data from a
trial desighed to address cardiovascular outcomes, however, found no effect
of statins on fracture risk.”*! However, only 17% of subjects in this trial were
women. A subsequent observational study found no effect of statins on fracture
incidence either'® and a recent study in rats even indicated that statins might
inhibit bone formation and produce a net reduction in bone density.'* Until now,
the effects of lipids and statins on bone and fracture risk are not elucidated yet.

METHODOLOGICAL CONSIDERATIONS

The methodological considerations of the presented studies have been dis-
cussed in the chapters 2, 3, and 4. In the current paragraph, two methodological
issues regarding risk estimation in cardiovascular disease research arising from
the fact that the risk of coronary heart disease in women lags 10 years behind
the risk in men' are discussed.

The first issue to be discussed is the effect of the difference in absolute coro-
nary heart disease risk between the sexes on measures of effect. It has been sug-
gested that the relative risk associated with smoking for myocardial infarction
is higher in women than in men.'®® The described differentiation of results by
sex may be a biological phenomenon, thus providing insight in the etiology of
cardiovascular disease, but may also merely reflect the lower absolute risk of
cardiovascular disease in women because magnitudes of relative risks are heav-
ily dependent upon the baseline risk of the disease. Also, interaction effects
are dependent on the baseline risk. Therefore, the same issue arises when the
joint effects of cardiovascular risk factors are compared between the sexes. A
large European collaborative project studied interaction effects of homocyste-
ine and classical cardiovascular disease risk factors and found the joint effect of
these factors to be most pronounced in women.* Again, the difference in effect
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between the sexes may be a biological phenomenon or may reflect the lower
absolute risk of cardiovascular disease in wormen. To validly study whether dif-
ferences in the magnitude of relative risks or interaction effects between the
sexes are due to differences in absolute risks, one has to take into account the
difference in “cardiovascular age” between the sexes.

The second issue to be discussed is the fact that because of the difference
in absolute risk of coronary heart disease between the sexes it is a standard
approach in cardiovascular research to stratify analyses by sex, which is a
base for potential problems. It may lead to false positive findings of differences
between the sexes, especially when the difference in absolute risk between the
sexes is not taken into account correctly, as described previously. False posi-
tive findings of differences between the sexes may also arise when no a priori
hypothesis underlies the stratification, or when only few subjects are available
for analyses and effects are more likely to be due to chance. The loss of
power due to stratification by sex becomes especially problematic when interac-
tion, towards which attention shifts in recognition of the complex multicausal
etiology of cardiovascular disease, is the topic of interest. This issue arises par-
ticularly in research regarding genetic factors, in which gene-gene and gene-
environment interaction is a key issue.'?®%7 Instead of habitually stratifying
cardiovascular analyses by sex, it may be worthwhile to consider the usefulness
of this approach.

FUTURE RESEARCH

The last decade, much effort has been put in describing and studying cardio-
vascular disease in women. Large population-based studies in women such
as the Nurses Health Study,'*® the Women’s Health Study,* and the Healthy
Women Study,* and population-based studies in which women participate such
as the Cardiovascular Health Study,'* the Atherosclerosis Risk In Communities
Study,'# the Rotterdam Study,' and randorized controlled trials™™ have pro-
vided information on cardiovascular disease in women. In the current paragraph,
views on future research regarding gender specific issues of cardiovascular dis-
ecase are given.

Effects of classical cardiovascular disease risk factors are generally similar
in men and women, with the exception of diabetes mellitus®* and the insulin
resistance syndrome,?® which attenuate the female advantage. Factors possibly
contributing to gender differences in cardiovascular disease and requiring
further attention are LDL particle size, which is smaller and therefore less
atherogenic in women,’” abdominal fat accumulation,’® and isolated systolic
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hypertension, the prevalence of which is higher in women than in men.!*

Until now, no solid proof of the hypothesis that estrogens would protect
against atherogenesis in women is available. The first randomized trials on sec-
ondary preventive effects of hormone replacement therapy on cardiovascular
disease did not find clear evidence for cardiovascular protection.”™™ Results
from primary prevention trials have to be awaited.™” However, even if these
trials indicate that hormone replacement therapy exerts cardioprotective effects,
the health effect of long-term postmenopausal hormone replacement therapy
use is expected to be limited.5"# Possibly, selective estrogen receptive modifi-
ers are more effective in the prevention of cardiovascular disease in women.
The Raloxifene Use for The Heart study**’ will provide information about the
applicability of these preparations in preventing coronary heart disease. The
question whether the decline in estrogen levels with menopause contributes
to the rising incidence of cardiovascular disease is still unanswered®1 and
will remain hard to answer because of the problem that no control pepulation
of women staying premenopausal is available. No association between endog-
enous estrogen levels and cardiovascular events in postmenopausal women
has been found until now.*** However, the effect of susceptibility to estrogen
because of genetic variations in the density or type of estrogen receptors’® and
its interaction with estrogen levels need further clarification.

Other factors possibly contributing to the rising incidence of cardiovascular
disease in women after middle age may be autoimmune diseases through
immune-complex mediated vascular damage. We did not find an association
between thyroid autoimmunity and cardiovascular disease, but more research
should be carried out on the association between autoimmunity and cardiovas-
cular disease. In postmenopausal women, iron stores increase and the recent
evidence that heterozygosity for the hemochromatosis gene increases the risk
of cardiovascular disease? brings new life to the hypothesis that increased iron
stores are associated with cardiovascular disease. The “iron hypothesis” may
ask for further evaluation as a possible explanation for the rising incidence of
cardiovascular disease in women after middle age.

The effect of the gender gap in absolute coronary heart disease risk on differ-
ences in magnitudes of relative risks and interaction effects between the sexes
needs attention. Furthermore, it may be worthwhile to consider the usefulness
of the standard approach in cardiovascular research to stratify analyses by sex,
especially in the coming era in which gene-gene and gene-environment interac-
tions will be major topics of interest. 36137

Next to eticlogic research on gender specific issues of cardiovascular dis-
ease, attention for sex specific aspects of diagnosis, treatment, and prevention
is essential. Research on gender differences in the access to diagnostic services
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and treatment of heart disease is being conducted.!®™'® Efforts to increase the
participation of women in cardiovascular randomized controlled trials should
be continued because women, particularly elderly women, remain underrepre-
sented in cardiovaseular trials relative to their disease prevalence.'®% How-
ever, possibly the most important issue in ultimately lowering cardiovascular
disease occurrence in women is to increase awareness among women. Women
in Western countries do still not fully recognize that myocardial infarction is
their leading cause of death.’”®1% Results from an American Heart Association
survey show that most women believe cancer is their greatest health threat and
only less than 10% of women perceive heart disease as their greatest threat.’®
The awareness gap calls for translation of the evidence that cardiovascular dis-
ease is the major health threat for women to the public.
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E FacT THAT cardiovascular disease is the major cause of morbidity and mor-
tality in women has been recognized already for many years and the last
decade much effort has been put in describing and studying cardiovascular dis-
ease in wormen. Until now, it is not completely understood why the incidence in
cardiovascular disease in women rises after middle age and why coronary heart
disease occurrence remains lower in women than in men at all ages. The work
presented in this thesis aims at gaining insight into gender specific issues of car-
diovascular disease and the canse of the rising incidence of cardiovascular dis-
ease in women after middle age by studying putative endocrine and metabolic
risk factors. Data from various population-based studies were used to study
these issues.

In chapter 2, studies on classical cardiovascular disease risk factors attenu-
ating the female advantage with regard to cardiovascular disease occurrence
are presented. Obesity is considered to be a risk factor for cardiovascular dis-
ease, particularly among women. The association between obesity and cardio-
vascular disease has been found to be less pronounced among smoking women
than among nonsmoking women, which is often ascribed to the weight-lowering
effect of smoking. In the study described in chapter 2.1, we studied an alter-
native hypothesis, being that the atherogenic effect of smolking may be different
among women with lower compared with those with higher body weight. In 1680
postmenopausal women participating in the population-based Rotterdam Study,
we observed that in lower-weight women {BMI < median) smoking was associ-
ated with an odds ratio of 4.3 (95% (I, 2.5-7.2) for any progression of aortic ath-
erosclerosis, whereas in their higher-weight counterparts (BMI > median) the
odds ratio was 2.1 (CI, 1.2-3.8) during 6.5 years of follow-up (P for interaction <
0.05). These results indicate that the association between cigarette smoking and
progression of atherosclerosis is stronger in lower-weight than in higher-weight
women and suggest that adipose-tissue derived estrogen may ameliorate the ath-
erogenic effects of smoking in postimenopausal women.

The insulin resistance syndrome attenuates the female advantage with regard
to cardiovascular disease occurrence. Until now, the etiology of the clustering
of metabolic factors in the insulin resistance syndrome remains controversial.
Recent data suggest that the insulin resistance syndrome may be accompanied
by an increased acute-phase response. We studied this hypothesis in two study
populations. In the study described in chapter 2.2, we examined the relation-
ship of C-reactive protein (CRP), a marker of low-grade inflammation, with
variables of the insulin resistance syndrome among 186 healthy middle-aged
women from the general population. In the study described in chapter 2.3, we
examined the relationship of insulin resistance (measured by post-load insulin)
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with several markers of inflammation among 574 nondiabetic elderly men and
women participating in the Rotterdam Study. In both studies, low-grade infiam-
mation was strongly associated with measures of insulin resistance. These
resulis give support to the hypothesis that the acute-phase response is an inte-
gral part of the metabolic clustering of the insulin resistance syndrome.

Chapter 3 contains studies on sex specific determinants of cardiovascular
disease with a focus on sex steroids. Menopause is thought to be a major
determinant of the increase in cardiovascular disease incidence among women
after middie age. In chapter 3.1 and chapter 3.2 studies on associations
between natural menopause and cardiovascular disease risk factors are pre-
sented. Cholesterol is the primary cardiovascular risk factor affected by meno-
pause with a wide variation in change. Until now, it is not known why some
women have no or only a slight increase in cholesterol level, whereas others
exhibit a large cholesterol increase. In the study described in chapter 3.1, we
studied whether the apolipoprotein E (APOE) genctype can explain differences
in the increase in cholesterol level with menopause. In 1116 women partici-
pating in the population-based Eindhoven Perimenopausal Osteoporosis Study
and experiencing natural menopause during 5.9 years of follow-up, we found
that the increase in cholesterol level with menopause is 30% lower in women
with the APOEZE3 genotype when compared with women with the most com-
monly occurring APOE3E3 genotype. The variation in increase in cholesterol
with menopause, however, is far from completely explained by the APOE gen-
otype. Apart from the increase in cholesterol level, the mechanisms through
which menopause might exert its effect on the cardiovascular system remain
largely unknown. In the study described in chapter 3.2, we measured plasma
homocysteine levels in a meticulously selected population in which the contrast
in estrogen status between premenopausal and postmencpausal women of the
same age was maximized. The study comprised 93 premenocpausal and 93 post-
menopausal women of similar age (range 43 to 55 year) selected from respon-
dents to a mailed questionnaire, which was sent to all women aged 40 to 60
years in the Dutch town of Zoetermeer (n=12,675). In this study population,
we found that homocysteine levels were 7% (0.8 pmol/L) higher in postmeno-
pausal women than in premenopausal women, proposing an additional mecha-
nism through which menopause may adversely affect cardiovascular disease
risk.

Hormone replacement therapy has been suggested to exert anti-atherogenic
effects. In the study described in chapter 3.3, we studied the effects of hor-
mone replacement therapy on homocysteine levels in a randomized interven-
tion trial. The Romeo trial is a single center randomized placebo-controiled
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trial, conducted to assess the effect of a sequential combined regimen of oral
17P-estradiol and desogestrel (17BE,-I}) and a combination of conjugated equine
estrogens and norgestrel {(CEE-N) compared with placebo on cardiovascular
disease risk factors in 121 perimenopausal women. Our resulis show that after 6
months of therapy, the difference in seram hornecysteine levels between women
receiving 17BE,-D and placebo was -6.3% (Cl, -12.4%; 0.0%). The difference
between women receiving CEE-N and placebo was -10.1% (CI, -16.7%,; -2.9%).
These results indicate that hormone replacement therapy is associated with a
small decrease in homocysteine levels in perimenopausal women. Despite favor-
able effects of hormone replacement therapy on cardiovascular disease risk
factors, however, the first randomized trials on secondary preventive effects
of hormone replacement therapy on cardiovascular disease did not find clear
evidence for cardiovascular protection. Results from primary prevention trials
have to be awaited.

Androgen treatment in postmenopausal women is considered to be an attrac-
tive treatment modality to potentiaily benefit psychological well-being and bone
mass. Inclusion of androgens in postmenopaucal hormone replacement regi-
mens is not uncommon and is hkely to become more widespread. Until now,
however, no data are available on its long-term effects. In the Netherlands,
intramuscularly administered high-dose estrogen-testosterone therapy (estra-
diol and testosterone esters) used to be frequently prescribed for menopausal
complaints from the late 1950s until 1980s. Self-reported data on intramuscularly
administered high-dose estrogen-testosterone therany and data on aortic athero-
sclerosis were available in the population-based EPOZ study (Epidemiological
Preventive Organization Zoetermeer). Using these data, we found that intramus-
cular testosterone therapy-use for 1 year or longer was associated with an odds
ratio of 3.1 {CI, 1.1-8.5) for severe aortic atherosclerosis in 513 naturally post-
menopausal women aged 54 to 67 years, as described in chapter 3.4. This result
suggests that testosterone therapy may adversely affect atherosclerosis in post-
menopausal women and indicate that androgen replacement in these women
may not be harmless.

Endogenous hormone levels have been suggestad ic contribute to cardiovas-
cular disease pathofysiology exerting cpposite effects in the sexes: in women
androgens were thought to exert adverss

men androgens were hypcothesized to protect against cardiovascular disease.
Until now, however, endogenous androgen rzvels have not been found to be

related with cardiovascular events in either men cr women, whereas results of

studies on endogenous androgen levels and athero
tent. In the study described in chapter 3.5 we studied the association between
endogencus androgen levels and acrtic atherosclercesis in 1032 nonsmoking
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elderly men and women participating in the Rotterdam Study. Our results show
that relative to men with levels of total and bioavailable testostercne in the
lowest tertile, men with levels of these hormones in the highest tertile had odds
ratios of 0.4 (CI, 0.2-0.9) and 0.2 (CI, 0.1-0.7), respectively, for the presence of
severe aortic atherosclerosis. Men with levels of total and bioavailable testos-
terone in subsequent tertiles were also protected against progression of aortic
atherosclerosis measured after 6.5 years of follow-up. In women, positive asso-
ciations between levels of testosterone and aortic atherosclerosis were largely
due to adverse cardiovascular disease risk factors. Levels of dehydroepiandros-
teronesulphate were not associated with aortic atherosclerosis, neither in men
nor in women. The apparent discrepancy between our results and the results
of studies in which no association between endogenous testosterone levels and
coronary heart disease in men was reported may be attributable to the fact that
we studied nonsmokers only and to the fact that the aorta might be more vulner-
able to the effects of endogenous sex steroids than other arteries. Aortic athero-
sclerosis has been found to be associated with an increased risk of ischemic
stroke, possibly through pulse pressure or emboli being released from athero-
sclerotic lesions in the aortic arch, indicating its importance in relation to car
digvascular disease.

In chapter 4, studies on alternative endocrine cardiovascular disease risk fac-
tors in postmenopausal women are described. Overt hypothyroidism has been
found to be associated with cardiovascular disease. In the study described in
chapter 4.1, we studied the association between subclinical hypothyroidism
and thyreid autoimmunity and cardiovascular disease in a random sample of
1149 postmenopausal women participating in the Rotterdam Study. We found
that subclinical hypothyrcidism was associated with a greater prevalence of
aortic atherosclerosis (odds ratio 1.7 [CI, 1.1-2.6]) and myocardial infarction
(odds ratio 2.3 [Cl, 1.3-4.0]). Assoclations were slightly stronger in women who
had subclinical hypothyroidism and antibodies to thyroid peroxidase, whereas
no association was found between thyroid autecimmunity itself and cardiovascu-
lar disease. A limitation of our study is the cross-sectional nature of its design,
which limits the validity of causal interpretation of our results. However, the rel-
ative risk for myocardial infarction in women with subeclinical hypothyroidism
in the prospective part of our study was similar to the point estimate in the cross-
sectional part of our study, although it did not reach statistical significance. The
population attributable risk percentage for subclinical hypothyroidism associ-
ated with myocardial infarction as computed from our data was within the range
of that for known major risk factors for cardiovascular disease.

Next to cardiovascular disease, osteoporosis is a common cause of morbidity
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and mortality in postmenopausal women. In the study described in chapter 4.2,
we studied the association between progression of acrtic atherosclerotic calcifi-
cation and metacarpal bone loss among women after middle age by using data
from the EPOZ study. In 236 women experiencing natural menopause during
9 years of follow-up, the average loss of metacarpal bone mass among women
with progression of aortic calcification was 3.2 mam?® and their loss of metacarpal
bone density was 7.2%, whereas in women without progression of aortic calci-
fication, these losses were 2.0 mm? and 5.6%, respectively (P<0.05). In a cross-
sectional analysis in 720 postmenopausal women, we found a graded, inverse
association between the extent of aortic calcification and metacarpal bone mass
and density. The association between atherosclerotic calcification and bone loss
may provide insight in the pathofysiclogy of these diseases. A common etiologic
factor, such as estrogen deficiency or sensitivity to estrogen deficiency due to
variations in the density or type of estrogen receptors, may be involved in the
association between atherosclerosis and osteoporosis.

In chapter 5, the general discussion, the results described in this thesis are
placed in a broader context. Twe methodological considerations are discussed,
being the effect of the gender gap in the occurrence of coronary heart disease on
differences in magnitudes of relative risks and interaction effects between the
sexes, and the standard approach in cardiovascular research to stratify analy-
ses by sex. In our views on future research regarding gender specific issues of
cardiovascular disease we give some suggestions for further etiologic research.
Furthermore, we discuss that attention for sex specific aspects of diagnosis and
treatment of cardiovascular disease is essential and stress that among women
the awareness should be increased that cardiovascular disease is their major
health threat.

197






6.2

Samenvatting






Samenvatting

ET FEIT DAT hart- en vaatziekten de belangrijkste oorzaak zijn van ziekte en
Hsterfte onder vrouwen is reeds vele jaren bekend en de laatste tien jaar is
veel onderzoek gedaan naar hart- en vaatziekten bij vrouwen. Tot op heden is
echter niet volledig duidelijk waardoor de incidentie van hart- en vaatziekten bij
vrouwen toeneemt na middelbare leeftijd en waardoor, ondanks deze toename,
coronaire hartziekten tot op hoge leeftijd minder vaak véérkomen bij vrouwen
dan bij mannen. Het werk gepresenteerd in dit proefschrift heeft tot doel inzicht
te verschaffen in geslachtsspecifieke kenmerken van hart- en vaatziekten en de
oorzaak van de stijgende incidentie van hart- en vaatziekten bij vrouwen na mid-
delbare leeftijd middels het bestuderen van mogelijke endocriene en metabole
risicofactoren. Voor het bestuderen van deze onderzoeksvragen werden gege-
vens uit verschillende populatieonderzoeken gebruikt.

In hoofdstuk 2 worden studies gepresenteerd hetreffende klassieke cardio-
vasculaire risicofactoren welke het vrouwelijke voordeel ten aanzien van het
viorkomen van hart- en vaatziekten deels teniet doen. Overgewicht wordt
beschouwd als een risicofactor voor hart- en vaatziekten, met name bij vrou-
wen. De relatie tussen overgewicht en hart- en vaatziekten is minder sterk bij
rokende vrouwen dan bij niet-rokende vrouwen, hetgeen vaak wordt toegeschre-
ven aan het gewichtsverlagende effect van roken. In de studie beschreven in
hoofdstuk 2.1 onderzochten we een alternatieve hypothese, namelijk de ver-
onderstelling dat het atherogene effect van roken verschilt tussen vrouwern
met een laag lichaamsgewicht en vrouwen met een hoog lichaamsgewicht.
Binnen een groep van 1680 postmenopauzale vrouwen welke deelnamen aan
hei Rotierdamse ERGO-onderzoek {Erasmus Gezondheid en Ouderen) venden
we dat, gedurende een vervolgperiode van 6,5 jaar, roken gepaard ging met een
odds ratio van 4,3 (95% Betrouwbaarheidsinterval [BI]: 2,5-7,2) voor progressie
van aorta-atherosclerose bij vrouwen met een laag lichaamsgewicht (quetelet
index (QI) < mediaan), terwijl bij vrouwen met een hoog lichaamsgewicht (QI
> mediaan) de odds ratio 2,1 {(Bl: 1,2-3,8) was (P voor interactie < 0,05). Deze
resultaten geven aan dat het verband tussen het roken van sigaretten en pro-
gressie van atherosclerose sterker is bij vrouwen met een laag lichaamsgewicht
dan bij vrouwen met een hoog lichaamsgewicht. Mogelijk antagoneren oestro-
genen, welke in vetweefsel gevormd worden uit bijnierandrogenen, het athero-
gene effect van roken bij postmenopauzale vrouwen.

Het insulineresistentiesyndroom vermindert het voordeel dat vrouwen
hebben ten opzichte van mannen hetreffende het védrkomen van hart- en vaat-
ziekten. Tot op heden bestaat er onduidelijikheid over de etiologie van de clus-
tering van metabole factoren in het insulineresistentiesyndroom. Recente data
geven aan dat het insulineresistentiesyndroom mogelijk gepaard gaat met een
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toegenomen acute-fase-reactie. Wij bestudeerden deze hypothese in twee popu-
laties. In de studie beschreven in hoofdstuk 2.2 bestudeerden we de relatie
tussen C-reactief proteine (CRF), een ontstekingseiwit, en variabelen van het
insulineresistentiesyndroom bij 186 gezonde middelbare vrouwen uit de alge-
merne bevolking. In de studie beschreven in hoofdstuk 2.3 onderzochten we
de relatie tussen insulineresistentie (insulineconceniratie gemeten na de orale
glucosetolerantietest) en verschillende ontstekingsindicaioren bij 574 ouderen
zonder diabetes mellitus particinerend mn het ERGO-ongderzoek. In beide stu-
dies vonden we een sterke associatie tussen :aaggradige ontstekingsactiviteit
en de gehanteerde maten van insulineresistentie. Deze resultaten ondersteunen
de hypothese dat de acute-fase-reactie een onderdeel is van de clustering van
metabole factoren binnen het insulineresistentiesyndroon.

Hoofdstuk 3 bevat studies naar gosiachtsspecifieke determinanten van hart-
en vaatziekten, met de nadruk op gesiachtshormonen. De menopauze wordt
beschouwd als een belangrijke determinant van de stjgende incidentie van hart-
en vaatziekten bij vrouwen na de middelbare leeftitd. In hoofdstuk 3.1 en
hoofdstuk 3.2 worden studies gepresenteerd welke gericht zijn op de relatie
tussen natuurlijke menopauze en cardiovasculaire risicoractoren. Cholesterol is
de belangrijkste cardiovasculaire risicofactor welke stiigr tijdens de menopanze.
De mate van stijging varieert sterk tussen vrouwen. Het is echter vooralsnog
onduidelijk waarom het cholesteroigehalie ] sommige vrouwen niet of nauwe-
lijks stijgt, terwijl andere vrouwen een sterke cholesterolstijging laten zien. In
de studie beschreven in hoofdstuk 3.1 bestudeerden we of het apolipoproteine
E (APOE) genotype bijdraagt aan verschillen in mate van stijging van choleste-
rol tijdens de menopauze. Bij 1116 vrouwen welke deelnamen aan de Eindhoven
Perimenopauzale Osteoporose Studie en welke tijdens een vervolgperiode van
5,9 jaar door de menocpauze gingen, vonden we dat de stijging van cholesterol-
concerntratie ten tijde van de menopauze dertig procent lager was hij vrouwen
met het APOE2E3 genotype vergeleken met de cholesterslconcentratiestijging
bij vrouwen met het meest védrkomende APOESES genotype. De spreiding in de
toename van cholesterolconcentratie tijdens de menopauze werd eciiter verre
van volledig verklaard door het APOE genotype. Naast de stijging in cholesterol-
concentratie zijn de mechanismen waardoor de menopauze mogelijke ongun-
stige effecten op het hart- en vaatstelsel uitoefent grotendeels onbekend. In de
studie beschreven in hoofdstuk 3.2 bepaalden we de plasma-homocysteine-
concentratie in een nauwkeurig geselecteerde populatie waarin het contrast in
oestrogeenstatus tussen pre- en postmenopauzale vrouwen van dezelfde leeftijd
was gemaximaliseerd. De studiepopulatie bestond uit 93 pre- en 93 postmeno-
pauzale vrouwen van dezelfde leeftijd (spreiding 43 tot 55 jaar) welke werden
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geselecteerd uit respondenten van een schriftelijke enquéte welke was gezon-
den aan alle vrouwen in de leeftijdscategorie van veertig tot zestig jaar, wonende
te Zoetermeer (n=12.675). In deze onderzoekspopulatie vonden we dat de homo-
cysteineconcentratie zeven procent (0,8 pmol/1) hoger was bij postmenopauzale
dan bij premenopauzale vrouwen. De stijging van homocysteine met de meno-
pauze is mogelijk één van de mechanismen welke ten grondslag liggen aan de
veronderstelde relatie tussen menopauze en het toegenomen risico op hart- en
vaatziekten bij vrouwen na de middelbare leeftijd.

Suppletie van oestrogenen heeft mogelijk anti-atherogene effecten. In de
studie beschreven in hoofdstuk 3.3 werd het effect van oestrogeensuppletie op
homocysteineconcentratie bestudeerd in een interventieonderzoek. Het Romeo-
onderzoek is een gerandomiseerde placebo-gecontroleerde studie, welke werd
uitgevoerd om het effect te bestuderen van een sequentieel gecombineerde the-
rapie van orale 17B-oestradiol en desogestrel (17BE,-D) en een combinatie van
geconjugeerde cestrogenen en norgestrel (CEE-N) ten opzichte van placebo
op diverse cardiovasculaire risicofactoren bij 121 perimenopauzale vrouwen.
Na zes maanden therapie was het verschil in homocysteineconcentratie tussen
vrouwen welke 17BE,-D en placebo ontvingen -6,3% (BI: -12,4%; 0,0%). Het
verschil tussen vrouwen welke CEE-N en placebo ontvingen was -10,1% (BI:
-16,7%; -2,9%). Deze resultaten geven aan dat oestrogeensuppletie gepaard gaat
met een kleine verlaging van de homocysteineconcentratie bij perimenopauzale
vrouwen. Echter, ondanks de gunstige effecten van oestrogeensuppletie op car-
diovasculaire risicofactoren, lieten de eerste gerandomiseerde experimentele
studies gericht op secundaire preventie van hart- en vaatziekten geen duidelijk
cardiovasculair beschermend effect zien. De resultaten van experimentele pri-
maire preventie onderzoeken worden afgewacht.

Behandeling van postmenopauzale vrouwen met androgenen wordi
beschouwd als een aantrekkelijke manier om gunstige effecten op psycholo-
gisch welbevinden en botmassa te bewerkstelligen. De toevoeging van andro-
genen aan postmencpauzale hormoontherapie is niet ongebruikelijk en zal
waarschijnlijk toenemen. Tot op heden is echter niet bekend wat de lange-
termijn effecten van androgeentherapie zijn. In Nederland werd vanaf eind
jaren ‘50 tot de jaren ‘80 intramusculair toegediende hoge dosis oestro-
geen-testosterontherapie (oestradiol en testosteron esters) frequent voorge-
schreven ter bestrijding van menopauzale klachten. Zelfrapportagegegevens
betreffende intramusculair toegediende hoge dosis oestrogeen-testosteronthera-
pie en gegevens betreffende aorta-atherosclerose waren beschikbaar binnen het
EPOZ-onderzoek (Epidemiologisch Preventief Onderzoek Zoetermeer). Gebruik
makende van deze gegevens vonden we dat intramusculaire testosterontherapie,
welke één jaar of langer werd toegediend, gepaard ging met een odds ratio van
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3,1 (BL: 1,1-8,5) voor ernstige aorta-atherosclerose bij 513 natuurlijke postmeno-
pauzale vrouwen in de leeftijd variérend van 54 tot 67 jaar, zoals beschreven in
hoofdstuk 3.4. Dit resultaat duidt op een wellicht ongunstig effect van testo-
sterontherapie op atherosclerose bij postmenopauzale vrouwen.

Een vaak geopperde hypothese is dat endogene geslachtshormonen bijdra-
gen aan de pathofysiclogie van hart- en vaatziekten met tegengestelde effecten
in de geslachten: androgenen worden verondersteld ongunstige cardiovascu-
laire effecten te hebben bij vrouwen, terwijl ze mogelijk zouden beschermen
tegen hart- en vaatziekten bij mannen. Tot op heden is er echter geen relatie
gevonden tussen endogene androgeenspiegels en het optreden van coronaire
hartziekten bij mannen noch vrouwen. De resultaten van studies gericht op het
verband tussen endogene androgeenspiegels en atherosclerose zijn vooralsnog
niet eenduidig. In de studie beschreven in hootdstuk 3.5 bestudeerden we het
verband tussen endogene androgeenspiegels en aorta-atherosclerose bij 1032
niet-rokende oudere mannen en vrouwen participerend in het ERGO-onderzoek.
Onze resultaten toonden aan dat, ten opzichte van mannen met spiegels van
totaal en biologisch beschikbaar testosteron in het laagste tertiel, mannen met
hormoonspiegels in het hoogste tertiel odds ratios van respectievelijk 0,4 (BL
0,2-0,9 en 0,2 (BL: 0,1-0,7) hadden voor de aanwezigheid van ernstige aorta-athe-
rosclerose. Mannen met spiegels van totaal en biologisch beschikbaar testos-
teron in opeenvolgende tertielen waren tevens beschermd tegen het optreden
van progressie van aorta-atherosclerose, gemeten na een periode van 6,5 jaar.
Bij vrouwen bestond een positief verband tussen spiegels van testosteron en
aorta-atherosclerose, hetgeen grotendeels was toe te schrijven aan ongunstige
cardiovasculaire risicofactoren. We vonden geen verband tussen spiegels van
dehidro-epiandrosteronsulfaat en aorta-atherosclerose bij mannen noch vrou-
wen. De klaarblijkelijke discrepantie tussen onze resultaten en de resultaten
van studies in welke geen verband werd gevonden tussen endogene testosteron-
spiegels en coronaire hartziekten bi) mannen is mogelijk toe te schrijven aan
het feit dat wij alleen niet-rokers bestudeerden. Daarnaast is de aorta mogelijk
gevoeliger voor de effecten van endogene geslachtshormonen dan andere arte-
rién. Aorta-atherosclerose verhoogt de kans op een herseninfarct, mogeliik via
de polsdruk of door embolieén welke afkomstig zijn van atherosclerotische lae-
sies in de aortaboog, hetgeen het belang van aorta-atherosclerose in relatie tot
hart- en vaatziekten aangeeft.

In hoofdstuk 4 worden studies beschreven betreffende alternatieve endocriene
cardiovasculaire risicofactoren bij vrouwern. Het is bekend dat manifeste hypo-
thyreoidie samenhangt met hart- en vaatziekten. In de studie beschreven in
hoofdstuk 4.1 onderzochten we de relatie tussen subklinische hypothyreoidie,
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schildklier auto-irnmuniteit en hart- en vaatziekten in een aselecte steekproef
van 1149 postmenopauzale vrouwen welke deelnamen aan het ERGO-onderzoek.
We vonden dat subklinische hypothyreoidie samenhing met de aanwezigheid
van aorta-atherosclerose {odds ratio 1,7 [BL: 1,1-2,6]) en doorgemaakt myocard-
infarct (odds ratio 2,3 [BI: 1,3-4,0]). De verbanden waren iets sterker bij vrouwen
welke subklinische hypothyreoidie én antilichamen tegen schildklier peroxi-
dase hadden, terwijl geen verband werd gevonden tussen hart- en vaatziekten
en schildklier anto-immuniteit onafhankelijk van schildklierstatus. Onze studie
betreft een dwarsdoorsnede-onderzoek (cross-sectioneel onderzoek), hetgeen
de validiteit van oorzakelijke interpretatie van onze resultaten beperkt. Het rela-
tieve risico voor het optreden van een myocardinfarct bij vrouwen met subkli-
nische hypothyreoidie in het prospectieve deel van onze studie was weliswaar
niet statistisch significant, maar kwam overeen met het risico in het cross-sec-
itonele deel van onze studie. Het populatie-attributieve risico-percentage voor
subklinische hypothyreoidie samenhangend met myocardinfarct zoals berekend
uit onze gegevens was in dezelfde orde van grootte als de populatie-attributieve
risico-percentages van bekende belangrijke risicofactoren voor hart- en vaat-
ziekten.

Naast hart- en vaatziekien is osteoporose een belangrijke corzaak van ziekte
en sterfte bij postmenopauzale vrouwen. In de studie beschreven in hoofdstuk
4.2 gebruikten we gegevens uit het EPOZ-onderzoek om het verband tussen
progressie van atherosclerotische aortaverkalking en metacarpaal botverlies bij
vrouwen na de middelbare leeftijd te bestuderen. In een groep van 236 vrouwen
welke een natuurlijke menopauze doormaakten gedurende een vervolgperiode
van negen jaar vonden we dat bij vrouwen bij wie progressie van aortaverkal-
king optrad het metacarpale botverlies 3,2 mm® bedroeg en het verlies van
metacarpale botdichtheid 7,2% was. Bij vrouwen zonder progressie van aorta-
verkalking bedroegen deze verliezen gemiddeld respectievelijk 2,0 mm?® en 5,6%
(P<0,05). In een cross-sectionele analyse bij 720 postmencpauzale vrouwen
vonden we een gradueel invers verband tussen de mate van aortacalcificatie en
metacarpale botmassa en botdichtheid. De associatie tussen atherosclerotische
calcificatie en botverlies kan inzicht verschaffen in de pathofysiologie van deze
ziekten. Mogelijk speelt een gemeenschappelijke etiologische factor, zoals oes-
trogeenverlies of gevoeligheid voor oestrogeenverlies ten gevolge van variatie in
dichtheid of type van oestrogeenreceptoren, een rol in het verband tussen athe-
rosclerose en osteoporose.

In hoofdstuk 5, de algemene discussie, worden de resultaten welke zijn
beschreven in dit proefschrift in een breder kader geplaatst. Twee methodologi-

sche overwegingen worden besproken, namelijk ten eerste het effect van het
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geslachtsverschil in het véoérkomen van coronaire hartziekten tussen mannen
en vrouwen op verschillen in grootie van relatieve risico’s en interactie-effec-
ten tussen de geslachten. Ten tweede bespreken we de standaardbenadering in
onderzoek naar hart- en vaatziekten om analyses te stratificeren voor geslacht.
In onze visie op toekomstig onderzoek betreffende geslachtsspecifieke aspecten
van hart- en vaatziekten geven we suggesties voor verder etiologisch onderzoek.
Tevens geven we aan dat er aandacht moet blijven voor geslachtsspecifieke
aspecten van diagnose en behandeling van hart- en vaatziekten en benadrukken
we dat het van groot belang is het bewustzijn onder vrouwen te vergroten dat
hart- en vaatziekten ook voor hen de belangrijkste gezondheidsbedreiging zijn.
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