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Purpose: The purpose of this study is to assess the effects of raloxifene in prevention of cardiovascular disease in post-
menopausal women. Methods: A systematic literature review was conducted. Data sources: The existing literature from
1986 to 2009 was searched electronically using the data base of Medline with the key words of hypertension, obesity,
diabetes, cholesterol, lipid, myocardial infarction, coronary events with combination of raloxifene. Study selection: The
criteria for inclusion in the review were 1) an randomized clinical trial (RCT), 2) postmenopausal women, 3) English or
Korean language. Finally, 15 articles were included in the review. Data extraction: Findings from the studies were orga-
nized according to the results of lipid profile changes by two authors. Results: Among 15 articles, 12 studies reported
the beneficial effects of raloxifene on LDL cholesterol and 9 studies on total cholesterol in the postmenopausal women.
Conclusion: The consistent results on reduction of LDL cholesterol and total cholesterol in raloxifene using postmeno-
pausal women were confirmed. However, the effect of raloxifene on other components of lipid profile and endothelial
function were still remaining controversial.
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Records identified through PUBMED searching

(searching terms: raloxifene, hypertension, obesity, cholesterol, diabetes,
lipid, myocardial infarction, coronary events
(n=71 3)

)

Records after duplicates removed

(raloxifene AND hypertension) OR (raloxifene AND obesity) OR (raloxifene AND cholesterol) OR
(raloxifene AND diabetes) OR (raloxifene AND lipid) OR (raloxifene AND myocardial infarction)
OR (raloxifene AND coronary events)

(n=452)

)

Records screened

(Limits: Human, English, Randomized controlled trial)
(n=157)

Records excluded
(n=295)

i

Full-text articles assessed for eligibility

Full-text articles

(select including postmenopausal women related CVD excluded
risk or event studies)
(n=68) (n=89)

|

Studies included in systematic review

(select including lipid profile studies)
(n=15)

Figure 1. Flow diagram for study selection.
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Table 1. Comparisons between The Raloxifene Use for The Heart trial (RUTH) and Multiple Outcomes of Raloxifene Evaluation (MORE)

RUTH

MORE

Period 1998-2005
Purpose

increased risk for major coronary events.

To evaluate whether raloxifene reduces the risk of coronary
events in postmenopausal women with CHD or who are at

1994-1996

To examine the effects of raloxifene treatment
on bone mass and fracture risk in post-
menopausal women with osteoporosis.

Study subjects n=10,101 n=7,705
Postmenopausal women who are at increased risk for CHD Postmenopausal women who have osteoporo-
events or with established CHD. sis without other disease.
Mean age 68 yr (over 55 yr, at least 1 yr postmenopausal) 67 yr (31-80 yr, at least 2 yr postmenopausal)
Design/treatment RCT RCT
Experimental: RLX 60 mg/d, for 5.6 yr Experimental: RLX 60 or 120 mg/d, for 3 yr
Control: placebo, for 5.6 yr Control: placebo, for 3 yr
Result Raloxifene had no significant effect on the risk of coronary events BMD increased in RLX group (p<.001). RLX
overall (533 vs. 533 events; hazard ratio, 0.95; 95 percent confi- reduced the risk of breast cancer (RR 0.35,
dence interval, 0.84 to 1.07). However, recent subgroup analy- Cl10.21-0.58).
sis showed the effect of RLX differed significantly by age. But, higher rate of DVT and Pulmonary embo-
Age <60 yr: Incidence of coronary events lower in RLX group lus in the RLX group (CI 1.5-6.2)
compared with placebo group (p=.003, Cl 0.41-0.83)
Age >60 yr: No difference was found between RLX and
placebo group in the incidence of coronary events in women.
Significance The largest group of postmenopausal women at increased risk of Although RLX increased risk of Pulmonary
CHD events ever assembled in a clinical trial, and is the first trial embolus and DVT, RLX increased BMD.
designed to determine the effect of a SERM on the risk of CHD
events.
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Table 2. Summary of Study Characteristics
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Number of

Mean age

Length of

Study participants ) Inclusion criteria Tx (m) Treatment
lwamoto, J. et al. 122 69.4 Postmenopausal women with osteoporosis 12 Control: alendronate 5 mg/d
(2008) Experimental: RLX 60 mg/d
Nanetti, L. et al. 80 CG:55+3 Healthy non-obese postmenopausal 12 Control: placebo
(2007) RLX: 56+4 women Experimental: RLX 60 mg/d
Dayspring, T. et al. 2,659 CG (High TG): 67.9 Normal or high TG (>150 mg/dL) levels 36  Control: Placebo
(2006) RLX (High TG): 67.6 postmenopausal women with osteoporosis Experimental: combine
CG (Normal TG): 67.4 (TG sub group study of MORE trial) 60 mg and 120 mg/d
RLX (Normal TG): 67.3
Yildiz, M. F. et al. 80 CG:50.5+3.7 Healthy postmenopausal women 6  Control: placebo
(2005) RLX: 50.3+£2.7 Experimental 1: RLX 60 mg/d
EVD: 49.7£3.0 Experimental 2: Estradiol valerate
SI:495+3.0 2 mg/d+dienogest 2 mg/d
Experimental 3: Genistein
40 mg/d
Reid, I. R. et al. 619 53.0 Postmenopausal women with prior 36  Control: Placebo
(2004) hysterectomy Experimental 1: RLX 60 mg/d
Expeimental 2: RLX 150 mg/d
Experimental 3: CEE 0.625 mg
Vogelvang, T. E. 118 555+33 Healthy nonhysterectomized 3 Control: placebo
etal. postmenopausal women Experimental: RLX 60 mg/d
(2004) Experimental: HMR 3339 2.5,
10, 50 mg/d
Hernandez, E. et al. 50 Postmenopausal women on chronic 12 Control: Placebo
(2003) hemodialysis with proven severe Experiment: RLX: 60 mg/d
osteopenia or osteoporosis
Kung, A. W. et al. 968 57 Healthy postmenopausal Asian women 6  Control: placebo
(2003) Experiment: RLX: 60 mg/d
Colacurci, N. et al. 60 CG: 56537 Healthy postmenopausal women 4 Control: placebo
(2003) RLX:57.2+3.7 Experimental: RLX 60mg/d
Zheng, S. etal. 204 59.5+5.0 Healthy postmenopausal women 12 Control: Placebo
(2003) Experiment: RLX 60mg/d
Barrett-Connor, 5,133 C without DM: 66.5 Osteoporotic post-menopausal 36  Control: Placebo
E. etal RLX without DM: 66.4 women with and without type 2 DM Experiment: RLX 60 mg/d
(2002) C with DM: 69.1
RLX with DM: 67.6
Nickelen, G. et al. 1,008 56.1+4.9 Healthy postmenopausal women 6  Control: placebo
(2001) Experimental 1: RLX 60 mg/d
Experimental 2: ccHRT estradiol
2 mg+norethisterone acetate
1mg
Engin-Ustun, Y. et al. 46 CG:52.1+4.6 Healthy, postmenopausal women who 3 Control: Placebo (calcium)
(2006) Intranasal E2: 50.2+3.6  had hysterectomy, with hypercholesterolemia Experimentali: Intranasal E2
RLX: 53.9+54 (fasting serum TC>200 and <350 mg/dL) (17B-estradiol)
Experimental2: RLX 60 mg/d
Dias, A.R. etal. 20 54+5 Healthy postmenopausal women 4 Control: placebo
(2005) Experimental 1: conjugated
equine estrogen (CEE) 0.625 mg
Experimental 2: RLX 60 mg/d
Griffiths, K. A. et al. 33 66+6 Postmenopausal women with clinically stable 2 Control: Placebo

(2003)

and asymptomatic but had documented
evidence of CAD

Experiment: RLX 60 mg/d

Tx=Treatment.
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Table 3. Assessment of the Risk of Bias

QA% - otxIE - 22l 9] 19!

Study Concealment of RCT stopped Patients Healthcare providers  Placebo-con-
randomisation early blinded blinded trolled trial
lwamoto, J. et al. (2008) Yes No Yes No No
Nanetti, L. et al. (2007) Yes No Yes Yes Yes
Dayspring, T. et al. (2006) Yes No Yes Yes Yes
Yildiz, M. F. et al. (2005) Yes No Yes No Yes
Reid, I. R. et al. (2004) Yes No Yes Yes Yes
Vogelvang, T. E. et al. (2004) Yes No Yes Yes Yes
Hernandez, E. et al. (2003) Yes No Yes No Yes
Kung, A. W. et al. (2003) Yes No Yes Yes Yes
Colacurci, N. et al. (2003) Yes No Yes Yes Yes
Zheng, S. et al. (2003) Yes No Yes Yes Yes
Barrett-Connor, E. et al. (2002) Yes No Yes Yes Yes
Nickelen, G. et al. (2001) Yes No Yes Yes Yes
Engin-Ustun, Y. et al. (2006) Yes No Yes Yes Yes
Dias, A. R. et al. (2005) Yes No Yes Yes Yes
Griffiths, K. A. et al. (2003) Yes No Yes Yes Yes

RCT= Randomized clinical trial.
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Table 4. Summary results
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Comment

Study Results
lwamoto, J. et al. RLX reduced the serum levels of TC (-3.9%, p<.01) and LDL-C
(2008) (-7.7%, p<.001) at 12 months.
But, didn't have any significant effect on the serum HDL-C and TG
level.
Nanetti, L. et al. RLX HDL-C 7:from 1.6+£0.3t0 1.8+0.3 (p<.05)
(2007) TC |:from5.9+0.6t0 5.4+0.6 (p<.05)

LDL-C | : from 3.7+0.8 t0 3.1+0.5 (p<.05)

Dayspring, T. et al. RLX TC | H.TG: from 255.2 to 224.8 (p<.01)

(2006) N.TG: from 236.6 to 219.3 (p<.01)
LDL-C | H.TG: from167.4 to 224.8 (p<.01)
N.TG: from 88.5 to 219.3 (p<.01)

TG | H.TG: from 201.0to 191.0 (p<.01)

N.TG: from 88.5 t0 96.5 (p<.01).
HDL-C T H.TG: from 47.9 t0 51.3 (p<.01)
N.TG: from 62.0 to 65.1 (p<.01)

Yildiz, M. F. et al. RLX
(2005) HDL-C: baseline 48.7+2.8 (p<.05 to baseline and control)
3 months 52.3+1.2
6 months 50.8+0.6 45.5+4.6 (control at 6 months)

TC: baseline 220.9+4.8 (p<.05 to baseline and control)
3 months 204.6+£3.5
6 months 189.6+£5.2 210.9+3.9 (control at 6 months)
TG: baseline 178.6£64.0 (p>.05 to baseline and control)
3months 174.6£62.7
6 months 154.6£55.6 153.6£55.5 (control at 6 months)
LDL-C: baseline 148.6+20.0 (p<.05 baseline vs. 6 months)
3 months 139.9+22.0
6 months 128.8+27.3 152.9+35.6 (control at 6 months)
VLDL-C: baseline 36.7+19.1 (p<.05 baseline vs. 3 months)
3 months 28.0+10.8
6 months 27.3+8.2 35.7+15.5 (control at 6 months)
Reid, I. R. et al. Changes in circulating lipid concentrations were near maximal at 3
(2004) months. At 3 yr, median TC was reduced by both dosages of RLX
(60 mg/d: -4.7%, 150 mg/d: -7.2%; p<.05 for each vs placebo).
RLX didn't affect HDL-C.
Each of the active treatments caused comparable depression of
LDL-C below placebo levels (p<.001 at most time points).
TG concentrations increased from baseline (60 mg/d: 4.9%, 150
mg/d: 8.0%; p<.02 for each) but these change were not different
from placebo.

Vogelvang, T. E. et al. After 12 weeks, RLX significantly decreased TC (-10.5%, p=.001),

(2004) LDL-C (-15.0%, p<.001), and TG (-16.9%, p=.036).
Hernandez, E. et al. After 1 yr on RLX therapy, LDL-C decreased (p<.01) significantly in
(2003) the RLX group with no changes in serum TG, TC, or HDL-C.

Kung, A. W. et al.
(2003) medians of 5.3% and 7.7%, from placebo.
TC (5.67 mmol/liter —a median of 4.64% below baseline)
LDL-C (3.70 mmol/liter —7.69%)
HDL-C (1.29 mmol/liter — 2.67%)
TG (1.26 mmol/liter —1.56%)

At 6 months, RLX 60 mg/d significantly decreased TC, and LDL-C by

This study confirmed some beneficial effects
of RLX on lipid metabolism in elderly
women with osteoporosis.

A significant positive correlation was
observed between HDL-C and platelet NO
(r=.76, p<.005) in RLX group. This action of
RLX may explain some cardiovascular pro-
tective effects of this SERM.

Women with elevated TG derive at least an
equal-lowering benefit compared with
women with normal TG.

RLX treatment resulted in an increase in
HDL-C levels and a decrease in TC, LDL-
C, and VLDL-C levels.

Raloxifene and CEE produce different pat-
terns of lipid responses and have distinct
adverse effect profiles.

RLX at 60mg reduced TC, LDL-C, and TG.

HDL-C showed no significant changes.

This study demonstrates that after one year
on RLX, postmenopausal women on
hemodialysis have a significant decrease in
LDL-C, suggesting that RLX could be a
therapeutic alternative to control hyperlipi-
demia in these patients.

The effects of RLX on serum lipids in healthy
postmenopausal Asian women were similar
to that previously reported in Caucasian
women.

(Continued to the next page)
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Table 4. (Continued from the previous page) Summary results
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Study

Results

Comment

Colacurci, N. et al.
(2003)

Zheng, S. et al.
(2003)

Barrett-Connor, E. et al.

(2002)

Nickelen, G. et al.
(2001)

Engin-Ustun, Y. et al.
(2006)

Dias, A. R. et al.
(2005)

Griffiths, K. A. et al.
(2003)

RLX LDL-C |:from4.5+0.3t03.6+0.2, (p=.001)
TG |:from 1.5+0.41t0 1.5%0.1 (p=.05)

Thiobartituric acid-reactive substance, vascular cell adhesion

molecule-1, intercellular adhesion molecule-1,and E-selectin.

TC and LDL-C levels, percentage decreases were 6.44% and
34.58% in the RLX-treated group.

Corresponding values on placebo-treated patients were a 1.44%
increase and a 19.07% decrease (RLX compared with placebo,
both (p<.001).

No differences were found for HDL-C or TG levels between the two
groups.

RLX did not significantly affect HbA1c, FPG, HDL-C or TG in women.

RLX produced statistically significant reductions in TC, LDL-C, and
fibrinogen both in women with diabetes (all p<.004) and without
diabetes (all p<.001).

RLX significantly increased apo A-l (p<.001) and reduced apo B
(p<.001) in women without diabetes.

In the RLX-treated group, body weight increased by a mean 0.31 kg
(p<.001) in women without diabetes.

TC and LDL-C decreased statistically significantly from baseline to
endpoint in both treatment arms (by 7.2% and 3.8% with raloxifene
and by 13.0% and 8.9% with ccHRT, respectively, p<.001).

RLX produced a statistically significant increase in HDL-C by 4.2%,
while ccHRT induced a decline by 9.5%.

TG were moderately suppressed with RLX by 3.6%.

Intranasal E, group
TG | : from 204.7 £64.6 to 150.5+56.2 (p<.05)
HDL-C 7: from 44.1+11.9t0 51.8+£8.0 (p<.05)
No changes in lipid profile were observed in the RLX and placebo
groups.
RLX Fibrinogen | : from 382.9+69.3 to 333.4+£48.2
CEE HDL-C 7: from 49.0£9.5t0 56.8+9.7 (p<.001)
TG 7:from 86.0£37.3t0 111.7+58.4 (p<.001)
LDL-C | : from 121.021.9t0 106.5%20.1 (p<.001)

RLX HDL-C 7:from 46.0£9.1t0 47.8+9.1 mg/dL (p=.019).
Fibrinogen | : from 354.7 +100.3 to 302.0+65.8 (p=.009)

Antithrombin Il | : from 102.4412.5 to 98.5+12.3 (p=.039)

There was no significant reduction LDL (from 111.5to 110.2 mg/dL,
p=.06) and TG (from 21.7 to 20.0 mg/dL, p=.201).

There was no significant difference between the effect of RLX (0.26
+0.66% increase) and placebo (0.01+0.63% decrease) on flow
mediated dilatation, the marker of endothelial function (p=.82).

No significant raloxifene-related effects were observed on derived
aortic pressure, pulse pressure, augmentation index, TC, TG or
LDL-C, HDL-C, markers of thrombosis, or vasoconstrictor, or
vasodilator substances.

RLX is associated with a positive modulation
of endothelial-dependent vasodilatation
due to a reduction of risk factors for
endothelial damage.

This study confirms that RLX exerts positive
effects on on the overall serum lipid profile
in postmenopausal women in China.

In osteoporotic postmenopausal women with
or without type 2 diabetes, RLX 60mg/d
did no affect glycemic control and had
favorable effects on TC, LDL-C and fibrino-
gen levels.

The smaller decreases in TC and LDL-C
associated with RLX were accompanied by
an increase in HDL-C and a decrease in
fibrinogen.

RLX affects fibrinogen concentrations and
the overall cholesterol profile more favor-
ably than ccHRT; these differences may
have important implications for the reduc-
tion of cardiovascular disease.

Intranasal E, exerts significant effects on lipid

profile in hypercholesterolemic post-
menopausal women.

Both CEE and RLX exert significant effects
on the lipid and coagulation profile. These
effects may have a significant impact on
the cardiovascular risk that needs to be
confirmed in larger studies.

In postmenopusal women with treated CAD,
selective estrogen receptor modulation
with raloxifene does not improve a compre-
hensive set of parameters examining vas-
cular function and serum lipoprotein levels.
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