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Abstract

This post hoc analysis reports the effects of raloxifene on lipids and lipoproteins in 2659 women with either normal (V150 mg/dL) or

high (N150 mg/dL) triglyceride levels from a substudy of the Multiple Outcomes of Raloxifene Evaluation (MORE) trial. In both triglyceride

subgroups, raloxifene significantly improved low-density lipoprotein cholesterol, total cholesterol, non–high-density lipoprotein cholesterol

(HDL-C), apolipoprotein B, apolipoprotein A-I, and fibrinogen compared with placebo (P b .05). After raloxifene treatment, women with

high triglycerides experienced an equal or more robust reduction in cholesterol, lipoprotein parameters, and ratios of total cholesterol to

HDL-C and non–HDL-C to HDL-C than was observed in women with normal triglycerides (P b .05). Mean levels of low-density

lipoprotein cholesterol and apolipoprotein B were reduced by 16.5% and 15.8%, respectively, in women with high triglycerides, and by

12.7% and 11.3%, respectively, in women with normal triglycerides. These findings further substantiate that raloxifene improves

concentrations of both cholesterol and b-lipoprotein. The subgroup of women with high triglycerides, who have elevated cardiovascular risk,

appear to derive at least equal, if not greater, overall effect on lipid and lipoprotein lowering with raloxifene.

D 2006 Elsevier Inc. All rights reserved.
1. Introduction

Cardiovascular disease has been the largest cause of

morbidity and mortality in postmenopausal women in the

Western world for several decades, with mortality rates in

women remaining higher than in men, despite the avail-

ability of several efficacious therapies [1]. Triglyceride-rich

lipoproteins play a prominent role in atherogenesis, espe-

cially in women [2-4], even after adjustments for other lipid

and nonlipid risk factors [5,6]. Women with elevated

triglycerides have a more highly atherogenic dyslipidemia

as seen by elevations in very low-density lipoprotein

(VLDL), intermediate-density lipoprotein, low-density lipo-

protein (LDL), and remnant particles, all of which may be

involved in plaque deposition [7-9]. With increasing

triglyceride levels, LDL-C is less predictive of coronary

heart disease. Instead, non–high-density lipoprotein choles-

terol (HDL-C) better estimates the concentration of all
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atherogenic lipoproteins [VLDL cholesterol + LDL-C +

intermediate-density lipoprotein], namely, those containing

apolipoprotein B [7-9]. Although apolipoprotein B mea-

surement is the most accurate way of determining the

atherogenic lipoprotein pool size, it is less available and

more costly to use in clinical practice than the calculated

value of non–HDL-C, which has been adopted as a

surrogate end point for treatment guidelines [7]. The revised

National Cholesterol Education Program Adult Treatment

Panel III (NCEP-ATP III) guidelines recommend that all

patients with triglyceride values of more than 150 mg/dL be

targeted for more intense intervention, as elevated trigly-

cerides pose additional cardiovascular risk [7]. Reducing

LDL-C to this goal is the primary therapeutic target for

treating hypertriglyceridemia, with a secondary target for

non–HDL-C to be V30 points higher than the LDL-C goal

in these individuals [7].

Elevated triglycerides may promote atherogenesis

through changes in the concentration and corresponding

composition of LDL particles. Higher triglyceride levels

increase the LDL particle concentration through increased
xperimental 55 (2006) 972–979
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hepatic production of VLDL particles, which subsequently

form LDL particles. In addition, hepatic lipase acts to reduce

LDL particle size, resulting in the formation of smaller,

denser LDL particles, which can more readily penetrate

endothelial barriers, be oxidized by reactive oxygen species,

and are less vulnerable to removal by hepatic LDL receptors

[8-10]. The LDL particles that pass through the endothelial

barrier are subjected to oxidative forces and macrophage

ingestion, which produces foam cells and leads to plaque

formation. Elevated triglyceride levels also promote an

increase in the production of remnant chylomicrons, VLDL,

and intermediate-density lipoproteins, which are all capable

of endothelial invasion and macrophage ingestion, thereby

conveying added atherogenic risk. Beyond the changes in

b-lipoproteins, elevated triglycerides are associated with

increased fibrinogen and small dense HDL particle produc-

tion [6,8,9].

Almost all oral estrogen and estrogen/progestin pre-

parations at standard doses induce some degree of

hypertriglyceridemia [11,12]. Estrogen-induced hypertrigly-

ceridemia was suggested to be the most plausible explanation

for the failure of estrogen to reduce cardiovascular events in

the Women’s Health Initiative study [13]. In contrast to

estrogen, raloxifene does not adversely affect clinically

relevant triglyceride concentrations, although some women

with triglyceride levels of more than 500 mg/dL, who have a

further elevation with estrogen therapy, may respond

similarly with raloxifene [14,15].

Raloxifene, a selective estrogen receptor modulator, is

currently approved for the prevention and treatment of

postmenopausal osteoporosis [14]. In a retrospective car-

diovascular safety analysis from the Multiple Outcomes of

Raloxifene Evaluation (MORE) trial, raloxifene was asso-

ciated with a neutral effect on cardiovascular events in the

overall population of postmenopausal women with osteo-

porosis [16]. Raloxifene has been shown to have a neutral to

favorable effect on multiple atherogenic and inflammatory

cardiovascular risk markers [14-19].

Because of the added risk imposed with elevated triglyc-

eride levels, this current post hoc analysis compared the effects

of raloxifene on serum lipoproteins in women with and

without elevated triglyceride concentrations at baseline

(defined as triglycerides of N150 and V150 mg/dL, respec-

tively). Further analyses determined the efficacy of raloxifene

in lowering LDL-C, non–HDL-C, and apolipoprotein B,

and in improving other lipoproteins andmarkers of cardiovas-

cular risk in women with and without hypertriglyceridemia.
2. Materials and methods

The 4-year, randomized, double-blind, placebo-controlled

MORE trial was designed to evaluate the effects of raloxifene

therapy on vertebral fractures and overall safety in 7705

postmenopausal women with osteoporosis. The effect of

long-term raloxifene treatment on serum lipids and other

laboratory markers of cardiovascular risk in postmenopausal
women with osteoporosis was a secondary study outcome. At

the time of enrollment, women were postmenopausal for

2 years or more and had osteoporosis, documented with either

existing vertebral fractures or baseline bone mineral density

measurement of �2.5 SD or less from the normal peak bone

mass for healthy premenopausal women. The ethical review

board at each site approved the study, and all women signed

an informed consent before entering the study. Trial design

and lipid results have been published in more detail in

previous publications [15,16]. Total cholesterol was measured

in the fasting state in all women enrolled in the MORE trial at

baseline, and serum lipoproteins, triglycerides, and fibrinogen

were measured in a subset of 2738 women at baseline and at

6, 12, 24, and 36 months. The current analysis included

2659 women who had baseline values for both LDL-C and

triglycerides, and at least 1 postbaseline LDL-C value.

The primary objective of this analysis was to evaluate

and compare the effects of raloxifene (combined 60 and

120 mg/d doses) vs placebo on fasting LDL-C concen-

trations in subgroups of osteoporotic postmenopausal

women, with and without hypertriglyceridemia. Hyper-

triglyceridemia was defined as triglyceride levels of

150 mg/dL or more, based on the NCEP-ATP III recom-

mendations [7]. As secondary objectives of the analysis, the

effects of raloxifene and placebo on the concentrations of

other lipoproteins and apolipoproteins (such as non–

HDL-C, apolipoprotein B, and various lipoprotein ratios)

as well as fibrinogen were compared in these subgroups. In

addition, the overall safety of raloxifene was assessed in

these 2 subgroups of women. Comparisons were performed

between treatment groups for serious adverse events with

more than 2% of occurrence, and for serious or nonserious

adverse events related to hypertriglyceridemia.

2.1. Measurement of serum lipoproteins and fibrinogen

Blood samples were obtained after a 12-hour fast, and

serum was isolated during each clinic visit. Samples were

assayed for lipoproteins and apolipoproteins at a central

laboratory [15]. Total cholesterol and triglycerides were

measured with enzymatic reagents (Roche Diagnostics,

Indianapolis, IN). High-density lipoprotein cholesterol was

sequentially separated by precipitation with dextran sulfate

and magnesium chloride. The supernatant was assayed for

HDL-C using the method described for total cholesterol.

Low-density lipoprotein cholesterol was calculated from the

Friedewald [20] equation using the measured values of total

cholesterol, triglycerides, and HDL-C. Non–HDL-C was

determined for each subject by calculating the difference

between the concentrations of total cholesterol and HDL-C.

Apolipoprotein A-I and apolipoprotein B were quantified by

rate nephelometry using the Beckman IMMAGE Immuno-

chemistry System (Beckman Instruments, Brea, CA). Fibrin-

ogen was measured by the Clauss clotting technique with an

automated coagulation analyzer (MLA Electra 1600 C;

Medical Laboratory Automation, Pleasantville, NY) that

uses a photometric clot detection technique [18].



Table 1

Baseline characteristics of postmenopausal women with osteoporosis with high and normal baseline triglyceride levels

Baseline characteristic High triglycerides Normal triglycerides

Placebo (n = 159) Raloxifene (n = 287) Placebo (n = 735) Raloxifene (n = 1478)

Age (y) 67.9 67.6 67.4 67.3

White (%) 97.5 97.6 97.7 97.6

Smoking (%) 12.1 17.6 17.3 17.0

Alcohol N3 drinks per week (%) 10.7 17.5 19.8 17.9

Years postmenopausal4 20.5 20.6 19.7 19.3

Hysterectomy (%)4 34.6 27.9 21.0 19.2

Body mass index (kg/m2)4 26.9 26.7 24.7 24.8

Systolic blood pressure (mm Hg)4 142.2 142.0 137.6 137.9

Diastolic blood pressure (mm Hg)4 81.7 81.5 79.6 79.3

Hypertension (%)a,* 67.9 67.9 53.5 52.5

Hypercholesterolemia (%)b,* 79.2 79.8 66.8 67.9

Diabetes (%)4 8.9 9.2 2.6 3.1

Cardiovascular risk score z4 (%)c 25.2 27.5 13.1 14.6

Prior cardiovascular event (%) 4.4 4.5 3.4 3.1

Lipid-lowering medications (%)4 10.7 15.7 5.0 6.9

Aspirin use (%) 20.1 22.6 18.8 17.8

Antihypertension medication (%) 35.8 37.6 23.7 22.9

a Systolic blood pressure of more than 140 mm Hg, or diastolic blood pressure of more than 85 mm Hg, or taking antihypertension medication.
b Low-density lipoprotein cholesterol of more than 140 mg/dL or taking lipid-lowering medication.
c Women with 4 or more risk points were considered to be at increased risk of cardiovascular events [16,39].

4 P b .05 between high-triglyceride and normal-triglyceride subgroups.
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2.2. Statistical analysis

Procedures in SAS version 8.02 (SAS Institute, Cary, NC)

were used to perform all statistical analyses. Unless otherwise

specified, the interactions were tested at a significance level

of .1, and other hypotheses were tested at significance level of

.05. All tests were 2-sided, and no adjustments were made for

multiplicities. Analyses were performed using an intention-

to-treat principle. Women with a baseline LDL-C and

triglyceride concentration and any postbaseline LDL-C

measurement were included in the analyses. Women were

classified into normal or high-triglyceride subsets depending

on their baseline triglyceride concentration. Women with

baseline triglyceride levels of 150 mg/dL or more were

allotted to the high-triglyceride subset, whereas those with

baseline triglyceride levels of less than 150mg/dL were in the

normal triglyceride subset. Pooled raloxifene doses (60 and

120 mg/d) were analyzed, as there is no statistically

significant difference in the lipid-lowering effect between

the 2 doses [15,16]. For all serum lipid and lipoprotein

measurements, change from baseline as well as percentage of

change from baseline was calculated. For each parameter,

mixed-models, repeated-measures analysis on change from

baseline to all time points was used to account for the possible

correlation between repeated measurements made on an

individual over time. The independent variables were

baseline triglycerides status (high/normal), treatment (place-

bo/raloxifene), time (6 months and 1, 2, and 3 years) and all

interactions. Contrasts for treatment effect, effect of baseline

triglycerides status, as well as the interaction between

treatment and baseline triglycerides status at 3 years were

tested. Other within-group and between-group tests were

based on the least squares means from the above model. As
baseline triglyceride levels varied between triglyceride

subgroups, an analysis was performed with adjustments for

these differences. This analysis produced similar results as

the unadjusted analysis and, therefore, only the unadjusted

analysis was reported. All categorical variables were com-

pared by v2 test or Fisher exact test. Continuous baseline

characteristics and baseline serum markers were compared

using a 2-way analysis of variance model. Serious adverse

events related to cardiovascular disease, common adverse

events with more than 2% of occurrence, and adverse events

(serious or nonserious) related to hypertriglyceridemia were

compared across treatment groups.

A post hoc power calculation was performed for the

change in LDL-C from baseline to 3 years. With an SD of

30 mg/dL and the available sample size in this database, there

was more than 90% power to detect a difference of 15 mg/dL

in the change in LDL-C between placebo and raloxifene

within the triglyceride subgroups at a significance level of

.05. With an SD of 30 mg/dL and the available sample size in

this database, there was more than 80% power to detect a

difference of 5.5 mg/dL in the change in LDL-C between

triglyceride subgroups at a significance level of .05.
3. Results

3.1. Baseline characteristics

Most baseline characteristics were significantly different

between women with high triglycerides and those with

normal triglycerides (Table 1), although no differences

were seen between treatment arms in women within each

triglyceride subgroup. Women with high triglycerides had

significantly higher body mass indices, systolic and



Table 2

Mean baseline lipoprotein and fibrinogen levels in postmenopausal women with osteoporosis with high and normal baseline triglyceride levels

Baseline serum cardiovascular risk marker High triglycerides Normal triglycerides

Placebo (n = 159) Raloxifene (n = 287) Placebo (n = 735) Raloxifene (n = 1478)

Triglycerides (mg/dL)44 208.4 201.04 91.7 88.54

LDL-C (mg/dL)44 165.8 167.4 155.6 156.9

Total cholesterol (mg/dL)44 253.9 255.2 235.5 236.6

Non–HDL-C � LDL-C44 41.5 39.84 18.4 17.74

Apolipoprotein B (mg/dL)44 175.3 175.6 144.8 145.5

HDL-C (mg/dL)44 47.0 47.9 61.5 62.0

Apolipoprotein A-I (mg/dL)44 145.1 145.8 157.6 158.2

Total cholesterol/HDL-C44 5.6 5.6 4.0 4.0

Non–HDL-C/HDL-C44 4.6 4.6 3.0 3.0

Non–HDL-C (mg/dL)44 207.2 207.3 174.0 174.6

Fibrinogen (g/dL)44 3.5 3.4 3.3 3.4

4 P b .05 between raloxifene and placebo within each triglyceride subgroup.

44 P b .01 between high and normal triglyceride subgroups.
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diastolic blood pressures, and cardiovascular risk scores

[16] compared with women with normal triglycerides.

Correspondingly, women with high triglycerides at baseline

were more likely to have diagnoses of diabetes mellitus,

hypercholesterolemia or hypertension, and more likely to

use b-blockers, diuretics, and lipid-lowering medications

than women with normal triglycerides. The overall attrition

rate was 17.3%, with no significant differences in attrition

between the 4 groups. Compliance, defined as the

proportion of women taking at least 80% of the study

medication, was greater than 80% in all 4 groups at all time

intervals. The compliance rates in the high triglyceride-

raloxifene group were 81% to 82% during years 2 and 3,

which were slightly lower than that seen in the other groups

(87%-91%).

Women with baseline hypertriglyceridemia had higher

concentrations of total cholesterol, LDL-C, apolipoprotein

B, and non–HDL-C levels, but lower HDL-C and apolipo-

protein A-I levels, than women with normal triglycerides

(Table 2). In addition, the ratios of non–HDL-C to HDL-C,

total cholesterol to HDL-C, and the calculated difference
Table 3

Serum cardiovascular markers at 3 years: mean absolute value and mean percent

High triglycerides

Placebo (n = 159) Raloxifene

Total cholesterol (mg/dL)4 243.9 224.8

�2.5% �10.4%

HDL-C (mg/dL) 49.2 51.3

5.0% 8.1%

Apolipoprotein A-I (mg/dL)4 143.5 150.6

1.9% 4.3%

Total cholesterol/ HDL-C4 5.2 4.6

�4.5% �15.3%

Non–HDL-C/HDL-C 4.2 3.6

�5.1% �18.9%

Triglycerides (mg/dL)4y 188.9 191.0

�7.5% �2.9%

Fibrinogen (g/dL)4 3.4 2.9

2.9% �12.1%

4 P b .05 in the mean absolute value between raloxifene and placebo, withi

y P b .05 in the mean percentage of change between raloxifene and placebo
(non–HDL-C minus LDL-C) were greater in women with

hypertriglyceridemia than in women with normal triglycer-

ides at baseline. Within each triglyceride subgroup, baseline

triglyceride levels were slightly higher in placebo-treated

women compared with raloxifene-treated women (P b .05),

although the levels (3-7 mg/dL) were not clinically different.

3.2. Effects of raloxifene on lipoprotein and

apolipoprotein levels

After 3 years of treatment, women with high baseline

triglyceride levels still had higher levels of total cholesterol,

LDL-C, non–HDL-C, apolipoprotein B, and triglycerides

and lower levels of apolipoprotein A-I (P b .01) compared

with women with normal baseline triglyceride levels

(Table 3, Figs. 1 and 2), whereas HDL-C and fibrinogen

levels were similar between triglyceride subgroups (P N .1),

regardless of treatment. However, compared with placebo,

raloxifene significantly improved LDL-C, non–HDL-C,

total cholesterol, apolipoprotein A-I, apolipoprotein B, and

fibrinogen in both triglyceride subgroups (Table 3, Figs. 1

and 2). Both triglyceride subgroups had similar improve-
age of change from baseline

Normal triglycerides

(n = 287) Placebo (n = 735) Raloxifene (n = 1478)

234.4 219.3

0.9% �6.4%

65.0 65.1

6.3% 6.0%

155.2 159.2

0.2% 2.2%

3.8 3.5

�3.3% �10.0%

2.8 2.5

�4.0% �13.3%

91.7 96.5

3.1% 11.9%

3.3 2.9

6.7% �8.9%

n each triglyceride subgroup.

, within each triglyceride subgroup.



Fig. 1. LDL-C (A) and apolipoprotein B (B) values (mean F SE) at

baseline and after 3 years of treatment in postmenopausal women with high

(N150 mg/dL) and normal (V150 mg/dL) triglyceride levels at baseline.

*P b .01 between placebo and raloxifene groups, within each triglyceride

subgroup. super yP b .01 compared with baseline. zP b .01 between the

high and normal triglyceride subgroups, within each treatment group at

3 years.

Fig. 2. Non–HDL-C values (mean F SE) at baseline and after 3 years of

treatment in postmenopausal women with high (N150 mg/dL) and normal

(V150 mg/dL) triglyceride levels at baseline. *P b .01 between placebo

and raloxifene groups, within each triglyceride subgroup. yP b .01

compared with baseline. zP b .01 between the high and normal triglyceride

subgroups, within each treatment group at 3 years.

Fig. 3. Mean percentage change (FSE) in LDL-C concentrations from

baseline to 3 years in postmenopausal women with high (N150 mg/dL) and

normal (V150 mg/dL) triglyceride levels at baseline. Numbers of women

at each time point are denoted in parentheses for the high-triglyceride group

and in brackets for the normal-triglyceride group. At 3 years, *P b .0001

between placebo and raloxifene within each triglyceride subgroup, yP b

.005 from baseline for placebo and raloxifene groups in both triglyceride

subgroups, and zP b .002 between high- and normal-triglyceride subgroups

in the raloxifene treatment group.
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ments in lipid parameters with raloxifene (interaction P N .1).

However, women with higher triglycerides and baseline

lipid parameters had a greater reduction in the absolute

concentrations than women with normal triglycerides

(Figs. 1 and 2). At 3 years, mean LDL-C levels were

similar between women with normal baseline triglycerides

(134.8 mg/dL) and those with elevated baseline triglycerides

(135.9 mg/dL, Fig. 1A). Low-density lipoprotein cholesterol

concentrations, as well as other lipoprotein constituents,

were modified beginning at 6 months of raloxifene

treatment, reaching a plateau level at this time, and the

changes persisted through the end of the study, without

further decreases (Fig. 3).

At baseline, few women in the placebo and raloxifene

groups (6% and 8%, respectively) used lipid-lowering

medications, whereas at the end of the study, 13% and

11% of women in the placebo and raloxifene groups,

respectively, were taking lipid-lowering medications. In
addition, a greater proportion of women in the high-

triglyceride subgroup (14%) was treated with lipid-lowering

medication at study entry compared with women in the

normal-triglyceride subgroup (6%).

When women who took lipid-lowering medications

were excluded from the analysis (data not shown), the

outcomes were similar to those already reported herein for

all women, irrespective of use of lipid-lowering agents, for

all parameters except LDL-C. Among women who were

not exposed to lipid-lowering medications, raloxifene had a

more robust effect in reducing LDL-C in women with high

baseline triglycerides (0.1% for placebo, �16.3% for

raloxifene) compared with those with normal baseline
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triglycerides (0.8% for placebo, �12.7% for raloxifene,

interaction P = .06).

In both subgroups, raloxifene significantly improved the

calculated ratios of total cholesterol to HDL-C and non–

HDL-C to HDL-C (Table 3) compared with placebo at

3 years (P b .001). Women with high baseline triglycerides

had more robust reductions in both ratios than women with

normal triglycerides (interaction P = .01). At the end of

3 years, triglyceride levels in women with high baseline

triglycerides (placebo, 189 mg/dL; raloxifene, 191 mg/dL)

and women with normal baseline triglycerides (placebo,

92 mg/dL; raloxifene, 97 mg/dL) were clinically similar

between treatment groups (P N .05 within each triglyceride

subgroup). In addition, regardless of baseline triglyceride

status (Table 3), raloxifene treatment equally reduced

fibrinogen levels, did not alter HDL-C levels, and signifi-

cantly increased apolipoprotein A-I levels (P b .05).

3.3. Adverse events

Raloxifene was generally well tolerated. Common

adverse events (N2% occurrence) reported by women in

the placebo group significantly more often than women

in the raloxifene group included arthritis, hypercholesterol-

emia, insomnia, and weight loss (P b .05), whereas women

in the raloxifene group reported flushing, muscle cramps,

peripheral edema, and vertigo more often than those in

the placebo group (P b .05). Compared with placebo,

uterine polyps were reported less frequently after raloxifene

treatment in women with high triglycerides, and more

frequently in women with normal triglycerides (P b .05).

The occurrence of venous thromboembolism was similar

between women with normal and high triglycerides (P N .2)

within the placebo and raloxifene groups. No adverse events

of liver enzyme abnormalities, liver dysfunction, or pancre-

atitis were reported in raloxifene-treated women with

hypertriglyceridemia.
4. Discussion

Scientific investigations over the last 40 years have

validated the bcholesterol hypothesisQ as being a significant

contributor to cardiovascular disease progression. Low-

density lipoprotein cholesterol measurement is the mainstay

of assessing atherosclerotic load in clinical practice.

However, the non–HDL-C concentration offers a best

approximation of the total atherogenic lipoprotein burden

because it reflects the entire cholesterol content for all

atherogenic b-lipoproteins, namely, lipoprotein (a), chylo-

microns, chylomicron remnants, VLDL, VLDL remnants,

LDL, and intermediate-density lipoprotein [18,21]. Alter-

natively, information on the number of atherogenic

b-lipoprotein molecules, namely, apolipoprotein B concen-

trations, has been shown to be the best predictors of major

coronary events and coronary mortality in large, random-

ized, placebo-controlled clinical trials [22-24].
When triglycerides are elevated, the liver synthesizes

large amounts of triglyceride-rich VLDLs, which are

processed to atherogenic b-lipoprotein particles such as

intermediate-density lipoproteins, remnant particles, and

small dense LDLs, all of which are reflected in a higher

non–HDL-C and serum apolipoprotein B measurements.

Recognizing the importance of all b-lipoproteins, the NCEP-
ATP III guidelines elevated the importance of the non–HDL-

C as a risk factor and therapeutic target in the prevention and

treatment of atherosclerosis, especially in patients with

hypertriglyceridemia [7]. Recent clinical outcomes and

angiographic trials provide clinical support for these new

guidelines, as statins, bile acid sequestrants, fibrates, and

niacin decrease apolipoprotein B and non–HDL-C levels and

reduce the occurrence of clinical events [17,25]. The non–

HDL-C goal does not abrogate from the need to achieve even

greater LDL-C goals recently published by the NCEP-ATP

III [26], but rather complements and further intensifies

therapy for those patients with elevated triglyceride compo-

nent in their lipid profile, who are at higher risk [27,28]. In

the present analysis, we have calculated the non-HDL/HDL

ratio as an estimate of the apolipoprotein B–apolipoprotein

A-I ratio, which may be more concise than the LDL/HDL

ratio, when apolipoproteins are not directly measured.

Similarly, the (non-HDL � LDL) difference may give an

estimate of the other atherogenic apolipoprotein B–contain-

ing lipoproteins, excluding LDL-C.

In this analysis from the MORE study, raloxifene

improves both cholesterol concentrations and b-lipoprotein
number in women with and without baseline hypertriglycer-

idemia. Compared with women with normal triglycerides,

women with elevated triglycerides have concurrent and

comparable reductions in LDL-C, apolipoprotein B, and the

non–HDL-C after raloxifene treatment, which may help to

reduce their higher vascular burden, given their more

atherogenic lipid milieu. Interestingly, the reduction in total

cholesterol, LDL-C, apolipoprotein B, and non–HDL-C

seemed more robust in the subgroup of women with

elevated triglycerides at baseline who were not taking

lipid-lowering medication. Given that hyperlipidemia is

undertreated in American women, this added effect of

raloxifene could be significant. These observed differences

in lipid reductions cannot be attributed to population

differences in study attrition or medication compliance

rates. Although the compliance in the raloxifene-treated

high-triglyceride subgroup was slightly lower than that in

the other 3 groups, the decrease in LDL-C in this group was

still significant compared with placebo. This observed

relative decrease in LDL-C may be underestimated.

In this analysis, the reductions in LDL-C observed at

3 years with raloxifene treatment ranged between 13% and

17% from baseline. According to the bdoubling rule of 6%,Q
doubling the dose of statins decreases LDL-C by an

additional 6% [29], so the observed LDL-C reductions with

raloxifene compare favorably to a potential reduction seen

with 2 doublings of a statin dose. Furthermore, a recent study
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has found that coadministration of raloxifene 60 mg/d and

simvastatin 10 mg/d resulted in greater reductions in LDL-C

than that seen with either drug alone [30]. Although the

magnitude of the LDL-C–lowering effects of raloxifene is

interesting, the effects of raloxifene in coadministration with

statins on cardiovascular event rates are presently unknown.

In this study, decreases in LDL-C with raloxifene

treatment reached a plateau at 6 months, which is consistent

with the time course of lipid-lowering effects seen with both

the 60 and 120 mg/d doses of raloxifene in other trials [18]

and suggests an LDL-C–lowering effect for raloxifene. The

likely mechanism by which raloxifene reduces LDL-C

involves enhanced LDL particle removal via up-regulation

of hepatic LDL receptors [31]. In women with hyper-

triglyceridemia, raloxifene therapy is associated with an

overall improvement in atherogenic particle number and

cholesterol load of the atherogenic lipoproteins, as measured

by reductions in the apolipoprotein B and the LDL-C and

non–HDL-C components, respectively [15]. Because only

19 women in the MORE trial had marked hypertriglycer-

idemia (N500 mg/dL) at baseline, the numbers were too

small for any statistical evaluation of increased or sustained

hypertriglyceridemia with raloxifene compared with placebo

[15]. In a recent study of 12 women with a documented

history of oral estrogen-induced hypertriglyceridemia

(z300 mg/dL), 3 women experienced marked hypertrigly-

ceridemia (z1000 mg/dL) after 2 weeks of raloxifene

therapy [32]. Therefore, some women with a history of

developing increased triglyceride levels (N500 mg/dL) with

oral estrogen or estrogen plus progestin therapy may

experience increased triglyceride levels with raloxifene

therapy, and all women with such a history should have

serum triglycerides monitored when taking raloxifene

[14,32].

Typically, hypertriglyceridemia is associated with re-

duced levels of HDL-C, and this was also observed at

baseline in the MORE cohort. During reverse transport, the

HDL particle exchanges cholesterol for triglyceride from

triglyceride-rich b-lipoproteins, resulting in a triglyceride-

rich, cholesterol-poor HDL particle, which then undergoes

lipolysis via hepatic lipase and becomes a small dense HDL

particle [31]. In epidemiologic trials of drug-naive, insulin-

resistant patients, increased concentrations of small HDL

particles have not been correlated with cardioprotection

[33]. Raloxifene had no significant effect on HDL-C levels,

but did increase apolipoprotein A-I concentrations.

Previous trials have shown that raloxifene increases the

HDL2 subfraction.

In contrast to raloxifene, oral estrogen therapy does not

consistently lower apolipoprotein B levels to the extent that

it lowers LDL-C [12,18], likely due to estrogen-induced

hypertriglyceridemia. Induction of triglyceride synthesis by

oral estrogen therapy increases production of b-lipoproteins
(both remnant lipoproteins and small dense LDL particles)

and may reduce LDL size, which may lead to a paradoxical

decrease in the LDL-C level. Estrogen increases HDL-C
levels, but the main effect is in the HDL2 and HDL3

subfractions [12,34-36]. Unless apolipoproteins are mea-

sured, the lipid changes may be misinterpreted, and

atherogenicity may actually be increased rather than

decreased during estrogen therapy.

It is possible that the improvement in lipoprotein

population after raloxifene therapy may lead to a reduction

in cardiovascular risk. In addition to the effects on lipids and

lipoproteins, raloxifene also produces favorable changes in

markers of endothelial function, such as increasing the

activity or production of nitric oxide, and reducing the

expression of intercellular cell adhesion molecules and

vascular cell adhesion molecules. Raloxifene was shown to

decrease the activity and content of matrix metalloprotei-

nase-9 within carotid lesions, which may affect plaque

stability [37-39]. In addition to these effects on the vascular

wall, improvements in other cardiovascular risk markers,

such as reduction in fibrinogen and homocysteine, are seen

with raloxifene [18,19]. In this analysis, raloxifene was

equally effective in reducing fibrinogen levels regardless of

triglyceride subgroup.

This post hoc analysis, which was not a prespecified

hypothesis in the original MORE study protocol, has

additional limitations. The present results are limited to

postmenopausal women with osteoporosis enrolled in a

clinical trial and cannot be generalized to the overall

population. Furthermore, the women in this analysis had

moderately elevated triglycerides, such as that seen in type 2

dyslipidemia, which is the most commonly seen in popula-

tions ingesting the Western diet. Too few cardiovascular

events occurred in this clinical trial to comparatively assess

the effects of raloxifene on cardiovascular outcomes in

women with and without hypertriglyceridemia. These results

should not be extrapolated to women with extreme hyper-

triglyceridemia (N500 mg/dL) at baseline because only 18

women (placebo, n = 6; raloxifene, n = 12) in theMORE trial

had such baseline triglyceride levels, and there was insuffi-

cient statistical power to test whether raloxifene treatment had

any effect on LDL-C, non–HDL-C, and apolipoprotein B

levels in these women. Women with severe hypertriglycer-

idemia (N500 mg/dL) who have further triglyceride eleva-

tions in response to estrogen therapy may develop a similar

response if given raloxifene, so additional triglyceride

monitoring should be performed in these women when

raloxifene therapy is initiated [14,15].

In conclusion, this post hoc analysis shows that, in

postmenopausal women with osteoporosis, with normal or

moderately elevated triglyceride levels at baseline, ralox-

ifene reduces both atherogenic lipoprotein cholesterol and

lipoprotein particle concentrations to reach current NCEP-

ATP III guidelines [26]. Furthermore, women with elevated

triglycerides derive at least an equal lipid-lowering benefit

compared with women with normal triglycerides, as seen by

changes in LDL-C, apolipoprotein B, total cholesterol, non–

HDL-C, and ratios of total cholesterol to HDL-C, and of

non–HDL-C to HDL-C.
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