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Abstract

Objective—This study assesses whether the relationship of lipoprotein(a) (Lp(a)) with
cardiovascular risk may be modified by concurrent hormone therapy (HT).

Background—~Prior studies indicate that hormone therapy (HT) decreases plasma levels of Lp(a),
but few have been powered to assess whether it modifies the relationship of Lp(a) with cardiovascular
disease (CVD).

Methods—Lp(a) at baseline was measured among 27,736 initially healthy women, of whom 12,075
indicated active HT use at the time of blood draw at study initiation, and 15,661 did not. The risk of
first-ever major cardiovascular event (nonfatal myocardial infarction, nonfatal cerebrovascular
event, coronary revascularization or cardiovascular deaths) over a ten-year period was assessed in
Cox-proportional hazard models according to Lp(a) levels and HT status, and adjusted for potential
confounding variables.

Results—As anticipated, Lp(a) values were lower among women taking HT (median 9.4 vs. 11.6
mg/dL, P<0.0001). In women not taking HT, the hazard ratio of future CVD for the highest Lp(a)
quintile compared to the lowest was 1.8 (P-trend <0.0001), after adjusting for age, smoking, blood
pressure, diabetes, body mass index, total cholesterol, HDL, C-reactive protein and treatment arms
of aspirin and Vitamin E. In contrast, among women taking HT, there was little evidence of
association with CVD [hazard ratio 1.1, P-trend =0.18; interaction P-value 0.0009 between Lp(a)
quintiles and HT on incident CVD].

Conclusion—The relationship of high Lp(a) levels with increased CVD is modified by hormone
therapy. These data suggest that the predictive utility of Lp(a) is markedly attenuated among women
taking HT, and may inform clinicians’ interpretation of Lp(a) values in such patients.
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INTRODUCTION

Lipoprotein(a) is a lipoprotein that differs from LDL cholesterol (LDL-C) by the presence of
an apo(a) component that has marked size heterogeneity(1). It has been hypothesized that its
structural homology to plasminogen(2) may result in its contribution to a thrombogenic milieu
(3,4). Using an assay independent of apo(a) isoform size(5,6), we have recently shown that
women with high levels of Lp(a) have increased incidence of cardiovascular disease,
particularly if they also have high LDL-C levels (7), in concordance with work by other groups
(8-14). However, data about what modifies the relationship of Lp(a) with cardiovascular
disease is scarce. In terms of lifestyle, changes in diet and exercise are not known to decrease
Lp(a) levels (15). In terms of medications, statin therapy may not decrease Lp(a) levels, but
by lowering LDL-C, may modify the cardiovascular risk associated with Lp(a)(16); niacin,
though difficult to tolerate in doses needed to decrease Lp(a) (17-19) does decrease Lp(a)
levels. The data about the relationship between hormone replacement therapy and Lp(a) levels
are conflicting and controversial, in part, because HT use in women itself is controversial
(20-25), and because studies that show decreases in Lp(a) levels with HT use (26-31) have
rarely been powered to assess for impact on cardiovascular disease (32).

To explore this issue in detail, we undertook a study in which we assessed whether the
relationship of Lp(a) levels with cardiovascular disease is modified by concurrent use of
hormone therapy among 27,736 women.

METHODS

Study population

Lp(a) was measured among 12,075 women taking hormone replacement therapy, and 15,661
not taking HT at the initiation of the study, and assessed for future cardiovascular events. Study
participants were enrolled in the Women’s Health Study (WHS), a recently completed
randomized, double-blinded, placebo-controlled clinical trial of low dose aspirin and vitamin
E, in the primary prevention of CVD and cancer in U.S. female healthcare individuals(33-
35). Eligible participants were apparently healthy women, aged 45 years or older, who were
free of self-reported CVD or cancer at study entry (1992-1998) with follow-up for incident
CVD through February 2005. At the time of enrollment between 1992 and 1995, participants
provided information on whether they were currently taking HT and provided blood samples
from which Lp(a) levels were assayed. They also provided demographic, medical history,
medication and lifestyle data, as well as consent for blood based analyses related to the risk of
incident chronic diseases. In total, 27,736 women who provided blood samples for successful
Lp(a) analysis, and who also responded to questions about hormone therapy, constituted the
study population for this analysis.

The study was approved by the institutional review board of the Brigham and Women’s
Hospital (Boston, MA). The authors had full access to the data and take full responsibility for
its integrity. All authors have read and agree to the manuscript as written.

Baseline Plasma Measurements

Among WHS participants, 27,736 provided data about hormone therapy at baseline and also
provided baseline blood samples that were stored in liquid nitrogen (—150 to —180°C) until the
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time of analysis. These samples underwent Lp(a) and lipid analysis in a core laboratory certified
by the National Heart, Lung, and Blood Institute/Centers for Disease Control and Prevention
Lipid Standardization Program. Due to poor agreement of Lp(a) values obtained by different
methods(5), we utilized the only commercially available assay shown by the NHLBI and
International Federation of Clinical Chemistry Lp(a) standardization groups to not be affected
by Kringle IV-Type 2 repeats(5). We determined the concentration of Lp(a) using a
turbidimetric assay on the Hitachi 917 analyzer (Roche Diagnostics - Indianapolis, IN), using
reagents and calibrators from Denka Seiken (Niigata, Japan). The interassay coefficient of
variation of Lp(a) concentrations of 17.6 and 58.1 mg/dL were 3.6 and 1.5%, respectively.

High-sensitivity CRP was measured using a validated immunoturbidometric method (Denka
Seiken, Tokyo, Japan)(36). Total cholesterol was measured enzymatically. HDL (Roche
Diagnostics, Basel, Switzerland) and LDL-C (Genzyme Corporation, Cambridge, Mass) were
measured by a homogenous direct method. All lipid determinations were performed on the
Hitachi 917 autoanalyzer. 98% of the samples received underwent successful evaluation for
each biomarker.

Ascertainment of Incident Cardiovascular Events

All participants were followed prospectively for the occurrence of the composite endpoint of
first ever major cardiovascular event (nonfatal myocardial infarction, nonfatal ischemic stroke,
coronary revascularization or cardiovascular death). Medical records were obtained and
reviewed for confirmation of events by two cardiologists. Deaths from cardiovascular causes
were confirmed by autopsy reports, death certificates, medical records and contact with family
members.

Statistical Analysis

Baseline characteristics such as age, body mass index, smoking status, presence of diabetes,
hypertension, family history of premature myocardial infarction, lipid profiles, CRP levels and
postmenopausal status in women on hormone replacement therapy, and measures of
socioeconomic status such as income and education, were compared to those of women free
of HT.

Next, Lp(a) was divided into quintiles on the basis of their distribution in the entire Women’s
Health study cohort, and these quintile cut points were then used to assess for evidence of
interaction between overall Lp(a) quintiles and hormone therapy status in Cox proportional
hazard models that regressed cardiovascular disease on Lp(a) quintiles, HT status and an
interaction term of Lp(a) quintiles multiplied by HT status.

Because of evidence of interaction from this evaluation, we recalculated Lp(a) quintile cutoffs
separately within each HT strata and then applied these cutoffs to subsequent analysis
separately within HT strata. Hazard ratios (HR), comparing Lp(a) quintiles 2 through 5 were
compared to the lowest (referent) quintile, were calculated by Cox proportional hazard models,
in models that adjusted first for age (years), then for Framingham covariates as suggested by
the most recent NCEPIII, ATPIII guidelines(37,38), and finally in fully-adjusted models that
adjusted for age, blood pressure (as defined by Framingham risk models (<120/<75, 120 to
129/75 to 84, 130 to 139/85 to 89, 140 to 159/90 to 94 and >160/>95 mmHg), diabetes, current
smoking status, body mass index (linear continuous), total cholesterol, HDL, C-reactive protein
and treatment arms. These variables were chosen a priori for their impact on cardiovascular
disease. Tests for trend across quintiles of Lp(a) were addressed by entering a single ordinal
term for each quintile based on the median value for Lp(a) within each quintile.
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After stratification by HT, Kaplan-Meier curves were constructed to illustrate cumulative event
rates of CVD as a function of Lp(a) quintiles over an average of 10 years of follow up.

Because prior evidence has pointed to increased associations of Lp(a) with CVD in women
with concomitant elevations of LDL-C, we assessed for joint associations of Lp(a), LDL-C
and HT with CVD by calculating hazard ratios for CVD by increasing quintiles of Lp(a) in: 1.
women with LDL-C > median (121.4 mg/dL) who were taking HT, 2. with LDL-C > median
not taking HT, 3. with LDL-C < median taking HT 4. with LDL-C < median not taking HT.

To test the robustness of our findings, we performed sensitivity analysis, using alternative
models. Alternative models included those that replaced total cholesterol with LDL, BMI with
waist circumference, models analyzed within whites only, and then models that further adjusted
for income (categories <=19,999/yr, 20-29.9k/yr, 30-39.9k, 40-49.9k/yr, 50-99.9k/yr,
>=100k/yr) and education (categories LPN,LVN, RN2yr, RN3 yr, BS, Master or Doctorate/
MD). Finally, we divided women taking HT into those taking estrogen only and those taking
estrogen plus progesterone combinations, and performed the Cox-proportional hazard models
for CVD to assess whether the type of HT affected the relationship between Lp(a) and CVD.

All p-values are two-tailed, with a value of <0.05 considered significant. Data analysis was
conducted using SAS statistical software version 9.1 (SAS Institute Inc, Cary, NC) and SPLUS
v 6.0 (Insightful Corp., Seattle, WA).

Women taking HT at study initiation were older, had higher total cholesterol, HDL and CRP
levels, and were more likely to be hypertensive compared to women not on hormone
replacement therapy. They were also more likely to be in higher income brackets and to report
longer years of education, but no relationships were seen between income or education and Lp
(@) levels. Women on HT also had lower mean LDL levels, and were less likely to be diabetic
or to be current smokers (Table 1).

Overall assessment of the relationship between Lp(a), hormone therapy and cardiovascular
disease revealed significant interaction between Lp(a) quintiles and HT status on CVD (P -
interaction = 0.0009),

The different relationships of Lp(a) with CVD, therefore, stratifying for HT therapy status are
shown in Tables 2 and 3. In women free of HT (Table 2a), women in the highest quintile of
Lp(a) (> 45.4 mg/dL in HT- strata) were 1.77 times more likely to develop cardiovascular
events than those in the lowest quintile (< 3.9 mg/dL; P trend <0.0001), in analyses adjusting
for age, smoking, blood pressure, body mass index, cholesterol, high density lipoprotein,
diabetes, hormone use, C-reactive protein and randomization treatment arms. A threshold
effect is seen such that risk increased predominantly among women with Lp(a) levels in the
highest quintile (66.35 mg/dL), and particularly in women with high LDL (Table 2b), as noted
previously (7).

In contrast, in women taking HT (Table 3a), the relationship of Lp(a) levels to cardiovascular
disease was attenuated, with loss of significance of the relationship between the highest quintile
of Lp(a) (> 42.0 mg/dL in women taking hormone therapy, with HR of 1.13, top vs bottom
quintile) and CVD (P trend 0.18 in fully adjusted model), and even modified among women
with elevated LDL, in whom synergistic elevations of CVD risk are usually seen (Table 3b).

In sensitivity analyses, further adjustment for income and education, and replacement of total
cholesterol with LDL, and then of BMI with waist circumference did not change the effect
modification shown graphically in Figure 1, where high levels of Lp(a) predict CVD in women
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free of HT, but not in women on HT. Same relationships are seen in analyses limited to
Caucasians only.

To address the potential for misclassification of exposure during follow-up, we repeated these
analyses censoring follow-up time whenever a change in participant hormone therapy status
occurred. In this censored analysis, the adjusted hazard ratio comparing the highest to lowest
quintiles of Lp(a) on risk of all CVD was 1.96 (95% CI 1.40-2.76), a value if anything larger
than that of the uncensored analysis (HR 1.77, 95% CI 1.36-2.30). In contrast, among women
taking hormone therapy, the relationship of Lp(a) levels to cardiovascular disease was
attenuated, concordant with the uncensored analysis.

Last, assessing the relationship between Lp(a) and CVD in women taking estrogen vs estrogen
plus progestin formulas did not show any differences from the data for hormone replacement
therapy as a whole (Appendices 1 and 2).

DISCUSSION

In this prospective study of 27,736 initially healthy women, we found that Lp(a) is a
determinant of risk of C\VD among women free of hormone replacement therapy, but that little
such relationship is seen among HT users. This effect modification persists after adjustment
for traditional cardiovascular risk factors, and socioeconomic variables such as income and
education. Quantitatively, the hazard ratios are 1.77 in HT —women, and only 1.13 in HT +
women, when comparing the top to bottom Lp(a) quintile in respective strata. This effect
modification is seen even among women with concomitant elevations of Lp(a) and LDL-C,
who have the highest incidence of cardiovascular disease.

We believe that there are at least two different explanations for the effect modification seen.
For one, it could be due to biological interaction between plasma Lp(a) levels and concurrent
HT use, which is why it was important to measure HT status at the same time blood draws
were done. Alternatively, HT use may be a surrogate variable for healthy lifestyles, not fully
captured by the covariates addressed here that ameliorate deleterious relationships of lipid
biomarkers with CVD. As for potential direct biological effects, it is intriguing that recent data
show 1. estrogen may induce increased uptake of Lp(a) by the LDL receptor(39,40), 2. that it
may cause reduction of Lp(a) production by the liver(30), where Lp(a) production is likely
modulated(41-43), and 3. that certain cholesterol metabolites may interact directly with HT in
the vasculature (44).

Strengths of our study include the reliable measurement of Lp(a), using a reproducible apo(a)
isoform-independent assay(5,6) that has complicated many prior studies of Lp(a), the large
number of women studied, and cardiovascular endpoints. While we consider independence of
the assay from apo(a) isoforms a particular strength, it is possible that additional information
can be gained by measuring apo(a) isoforms reproducibly. The size of this cohort of women
helps us to evaluate what a number of prior epidemiological studies(26-31,45) and randomized
controlled trials(46,47), while reported the association of HT with lower Lp(a) levels, were not
powered to assess in relationship to actual hard cardiovascular outcomes. Our data addresses
this question in a primary prevention cohort of women, and confirm trends reported previously
in mostly secondary prevention cohorts (32).

Limitations include the predominantly Caucasian nature of our cohort, which does not allow
us to assess potentially different relationships of plasma Lp(a) levels and CVD in different
ethnic groups(48-50). Also, HT use in women is controversial, and since the publication of
the Women’s Health Initiative(20), HERS 1(21) and HERS I1 trials(22), the American Heart
Association(23), the U.S. Food and Drug Administration (FDA)(24) and the U.S. Preventive
Services Task Force(25) recommend against the use of estrogen and progestin or progesterone
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for prevention of chronic conditions nor for the primary or secondary prevention of CVD
(51). However, treatment of menopausal symptoms remains an indication for personalized
estrogen use, and new practice standards are emerging to help tailor HRT for menopausal
symptoms for short-term use(24,52). The ongoing Kronos Early Estrogen Protection Study
(KEEPs)(53) and Early Versus Late Intervention Trial with Estradiol (ELITE) trial(54) will
add more information about the role of HT therapy.

In summary, these data suggest that the predictive utility of Lp(a) is attenuated among women
taking HT. The data may inform clinicians’ interpretation of Lp(a) values in their patients who
are concurrently taking HT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Cumulative Incidence of Major Cardiovascular Disease According to Lipoprotein(a) Quintiles
and Hormone Therapy Status

Lp(a) quintile levels were derived separately among women not taking hormone replacement
therapy (left) and among women taking hormone replacement therapy at study initiation (right).
Quintiles are labeled from 1-5, referring to 1st to 5th quintiles, and were defined separately
within the two groups of women.
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Baseline Characteristics Among Women According to Active Hormone Replacement Therapy Status At Time

of Blood Draw

Active HT Users No HT Use P value
(n=12,075) (n=15,661)
Age,y 55.0+6.2 53.5+7.6 <0.0001
Body mass index, kg/m?t 254+£45 26.3+53 <0.0001
Body Mass Index (WHO categories) kg/m?, %
<25 55.0 49.2
25-29.9 30.7 30.7
>30 14.4 20.2 <0.0001
Smoker, %
Never 50.9 52.3
Past 38.3 355
Current 10.8 12.2 <0.0001
Diabetes, % 2.1 3.4 <0.0001
History of hypertension, % 25.7 24.6 0.03
Family history of myocardial infarction
In a parent before age 60 years, % 12.7 13.0 0.54
Lp(a), mg/dL
[median (IQR)] 9.4 (3.9-30.4) 11.6 (4.9-34.3) <0.0001
Total Cholesterol 2143+41.1 209.9£42.2 <0.0001
HDL 57.3+15.6 51.0+14.0 <0.0001
LDL 121.0£33.2 126.6 £ 34.8 <0.0001
Triglycerides
[median (IQR)] 132.0 (92.0-188.0)  111.0(77.0-165.0) <0.0001
C-Reactive Protein
[median (IQR)] 2.8(1.3-5.4) 1.5 (0.6-3.5) <0.0001
Income, %
<19,999/yr 3.8 6.2
20-29,999/yr 8.7 105
30-39,999/yr 13.6 14.2
40-49,999/yr 17.0 16.3
50-99,999/yr 43.0 40.3
>100,000/yr 14.0 125 <0.0001
Education, %
LPN, LVN 115 13.2
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Active HT Users No HT Use P value
(n=12,075) (n=15,661)
RN, 2 year 11.8 10.8
RN, 3 year 32.3 32.0
BS 23.8 235
Master, Doctorate, MD 20.7 205 0.0001
% Caucasian 95.9 94.9 0.0054

Values shown for continuous variables are mean + SD unless otherwise indicated. IQR is the range between the 25th g 75th percentile. Ranked tests
of significance (the Wilxocon rank sum test) were used to assess for differences in continuous variables that were not normally distributed, such as
Lp(a), triglycerides and C-reactive protein. Age, body mass index, total cholesterol, HDL and LDL were compared using a non-paired t-test. Differences

in frequencies among groups were assessed by chi-square tests.
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