Over 50 years ago, it was reported that under acidic con-
ditions, some vinyl ethers can react with organic hydroper-
oxides to form perketals (16, 17). At around 1990, Porter
ctal. (18, 19) reported the application of vinyl ether (trans
2-phenyleyclohexyl 2-propen-2-yl ether) for the synthesis
of optically pure hydroperoxides (e.g., a-phenethyl hydro-
peroxide, 2-octyl hydroperoxide, and some fatty acid
methyl ester hydroperoxides). The procedures include
protecting the racemic hydroperoxides as perketals by
using vinyl ether, separating the perketal diastercomers
by chromatography, and regenerating the optically pure
hydroperoxides from the perketal diastereomers. Baba
etal. (21) used MxP for the conversion of LAMeOOH into
its perketal. The perketal was utilized for preparation of
PLPCOOH (21), but the preparation needed several syn-
thetic steps. In this study, we thought that il MxP reacts
cfficiently with a variety of LOOHs (refer to the beginning
of this article), this reaction can be applied for preparation
of pure LOOHs (Fig. 1A).

We investigated and optimized the preparation condi-
tions of LOOH (Fig. 2 and Table 1), Under optimal condi-
tions, when the lipid used (PLPC, PLPE, PLPS, ChL, LLL,
LA, or LAMe) was subjected 1o RB-catalyzed photo-, UV
photo-, or LOX-1-catalyzed oxidation, the unsaturated fatty
acid (linoleoyl) residue was converted to hydroperoxides.
In cases of RB-catalyzed photo- and UV photo-oxidation
of lipids, the structure of hydroperoxy linoleic residue
was characterized as a mixwre of 13-hydroperoxy-9Z114-
octadecadienoate, Shydroperoxy-10£12 Zoctadecadienoate,
13-hydroperoxy-9F, 11 Boctadecadienoate, and 9-hydro-
peroxy-10E,12 Foctadecadienoate, In LOX-1-catalyzed oxi-
dation, 15-hydroperoxy-92,11FE-octadecadienoate was
produced predominantly. In addition, we found that RB-
catalyzed photo- and UV photo-oxidation of ChL yielded
mono-hydroperoxide as well as bis-shydroperoxide. More-
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over, these reactions pl'(Kllll'l‘(l IMONo-, l)i.\'~, and tris-hvdro-
peroxides of LLL. These LOOHs were partly decomposed
to a wide range of secondary oxidation products, including
hydroxides, epoxides, aldehydes, and ketones. These sec-
ondary oxidation products were the major obstacle in the
isolation of pure LOOH.

For the reaction of LOOH with MxP, one of the impor-
tant parameters was the reaction solvent. We found that
dichloromethane, chloroform, or acetonitrile could be
used as a solvent, but other water<ontaining solvents inhib-
ited the reaction. Reaction temperature is also important
since high temperatures (above 30°C) caused the forma-
tion of unknown products, Based on these results, we opti-
mized the reaction conditions (Fig. 3 and Table 2). Under
optimal conditions, LOOH was almost completely con-
verted (above 90%) to perketal within a short time period
of less than 3 h. The lipophilic perketal was eluted in a
position apart from that of intact LOOH, and thereby the
perketal could be identified and isolated by semiprepara-
tive LC (Fig. 4). No decomposition products of perketal
were detected, indicating the stability of perketal. In addi-
tion, because MxP did not react with the secondary oxida-
tion products, the 1solation of perketal could be performed
effectively. To reveal this point, we selected RB-photo-
oxidized PLPC as an example (the example has an advan-
tage to show that MxP reacts selectively to LOOHs but not
to other oxidation secondary products derived from the
RB-photo-oxidation).

A possible reaction scheme for the regeneration ol intact
LOOH from perketal 1s shown in Fig. 9. As shown in the
scheme, the kind and the concentration of the acid used
were important, and these factors were optimized (Fig. 5
and Table 3). In this study, chloroform/methanol (1:1, v/v)
was used as the reaction solvent, and methanol or acetoni-
trile could also be used. Under optimal conditions, perketal
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Presumed mechanism ol the reaction between MxP and hvdroperosade. A2 Additnon of MxP by nucleophilic addition of hydroper-

vxide o 2methosyvpropene. B: Elunimanon of MxP and regeneraton ol hydroperoxide

Preparation of lipid hydroperoxide references 2675



was converted 1o original LOOH with a high yield (above
90%), and the regenerated LOOH was next subjected to
final semipreparative LC purification (Fig. 6).

The obrained LOOHs after photo-oxidation were highly
pure (Fig, 7, Table 3), but structural isomers were present
(e.g.. the prepared PLPCOOH contained mainly 13-hydro-
peroxy92 11 Foctadecadienoate and %hydroperoxy-10£12%
octadecadienoate). However, the “structural mixture”
would be sufficient for use as a standard in most analytical
and quantitative experiments, In contrast, when LOX-1-
catalyzed oxidation was carried out, a pure LOOH isomer
bearing 13-hydroperoxy-9Z 11 F-octadecadienoate moiety
was obtained. On the other hand, by using the present
method, we prepared pure bis-hydroperoxide of ChL. Its
structure was speculated based on the following findings: 1)
it reacted with two MxP molecules; and 2) when the MxP ad-
duct was subjected 1o alkaline hydrolysis, the reaction yvielded
LAOOMXxP and perketal of cholesterol hydroperoxide,

With regard to the stability test, perketals were found to
be more stable than LOOHs. Although perketal bearing
an acidic carboxyl group (PLPSOOMxP or LAOOMxP)
tended to degrade to some extent after 12 months storage
at —30°C, such degradation was kept to a minimum by stor-
age at —80°C for 3 months. We therefore recommended
the following procedures: researchers should prepare and
store perketals at —80°C in advance, regenerate LOOH
from perketals before the experiment (e.g., quantitative
study), and use the pure LOOH as the reference material,

In conclusion, we developed a convenient method for
preparing a wide variety of pure LOOH references. We
are now synthesizing and using the pure LOOH (e.g.,
PLPCOOH) as the standard for quantification of phospha-
tidylcholine hydroperoxide present in the blood plasma
of healthy and nonhealthy humans, as well as a model
compound to evaluate its biological functions in cell cul-
ture studies. We propose 1o use the MxP procedures devel-
oped by us as gold standard in the preparation method [or
the LOOH assay. i

We thank Prof. Mari Yotsu-Yamashita and Dr. Yoshihiro Suzuki
(Graduate School of Agricultural Science, Tohoku University)
for help in NMR analysis, Associate Professor Masato Oikawa
{Graduate School of Life Sciences, Tohoku University) for help-
ful discussions about reaction mechanism of LOOH with MxP,
and Mr. Phumon Sookwong (Graduate School of Agricultural
Science, Tohoku University) for excellent technical advice.

REFERENCES

I Miyazawa, T, H. Kunika, K. Fujimoto, Y. Endo, and T. Kaneda, 1995,
Chemiluminescence detection of mone, bis-, and trishvdroperosy
trineylglveerals present in vegetable oils Lapicls. 30: 1001 - 1006,

2. Steinberg, DS, Parthasarathy, T. E. Carew, | C. Khoo, and |, 1,
Witztum. 1989, Bevond cholesterol. Modifications of low-density lipo-
protein that increase is atherogenicity. N Engl, | Med. 320: 915 924,

- Stocker, B, and | F Keaney, Jr. 2004 Role of oxidative modifica-
tions i atherosclerosis, Physiod. Res, B4: 13811478,

- Ohkawa, H, N. Ohishi, and K. Yagi, 1979, Asany for Hpid perosides
w animial tissues by thiobarbituric acid reaction, Anal Biochew. 95;
A5 -358,

ea

2676 Journal of Lipid Research \olume 449, 2008

5. Marshall, P ], M. A, Warso, and W. E. M. Lands. 1985. Selective
microdetermination of hpid hvdroperoxides. Anal. Biochem. 145;
192199,

5. Meguro, H., K. Akasaka, and H. Ohrui, 1990, Determination of
hydroperoxides with fluorometric reagent diphenyl-1-pyrenylphos
phine. Methods Enzymol 186: 157 161,

- Cramer, G, L, J. F. Miller, Jr., R. B. Pendleton, and W, E, M. Lands

1991, Todometric measurement of lipid hydroperoxides in human

plasma. Anal Biochem 193%: 204-211

Jiang, Z. Y, J. V. Hunt, and §, P. Wolff. 1992, Ferrous jon oxidation in

the presence of xylenol orange for detection of lipid hydroperoxide

in low density lipoprotein. Anal. Biochem. 202: 384389,

- Mivazawa, T. 1989, Determination of phospholipid hydroperoxides

in human blood plasma by a chemiluminescence-HPLC assay. Free

Radic. Biol. Med. Tz 209-217,

Miyazawa, T., T. Susuki, K. Fujimoto, and K Yasuda. 1992, Chemi-

lumineseent simultaneous determination of phosphatidylcholine

hydroperoxide and phosphatidylethanolamine hydroperoxide in

the liver and brain of the rat. [ Lipid Res. 33: 10511059,

11. Mivazawa, T, K Fujimoto, T, Sweuki, and K Yasuda, 1994, Determination
of phaspholipid hydroperoxides using luminol chemiluminescence-
high-performance liquid chromatography. Methods Enzymol. 233:
324-352.

12, Nakajima, A., and H. Hidaka. 1993. Photosensitized oxidation of
oleic acid, methyl oleate, and olive oil using visible light. [ Photoch.
Photobio, A, T4: 189-194,

18, Porter, N, A., R. A. Wolf, and H. Weenen. 1980, The free radical
oxidation of polyunsaturated lecithins. Ligids. 15: 163 167.

14, Funk, M, O, R Isacc, and N, A. Porter. 1976, Preparation and purifi-
cation of lipid hydroperoxides from arachidonic and gamma-linolenic
ucids. Lipnds. 112 113-117.

15, Therond, P, M. Gouturier, ]. F. Demelier, and F. Lemonnier. 1999,
Simultancous determination of the main molecular species of soy
bean phosphatidylcholine or phosphatidylethanolamine and their
corresponding hydroperoxides obtained by lipoxygenase treat-
ment. Lipiels, 28: 245-240,

16. Rigaudy, |, and G. Tzoret, 1933, Addition of hydroperoxides to ac-
tivited double bonds of vinyl ethers. Compt. Rend. 236: 20862088,

17. Schmite, E., A. Rieche, and E, Bever. 1961, Peroxyde aus ketenacetalen.
Chem, Ber 94: 2921 - 2031,

18, Dussault, P, and N, A. Porter, 1988, The resolution of racemic hy
droperoxides: the preparation of optically pure hydroperoxide nat-
ural products. L Am. Chem. Soc. 110: 6276-6277.

19. Porter, No A, P Dussault, R A Breyer, | Kaplan, and ]. Morelli,
1990, The resolution of racemic hydroperoxides: a chromatography-
hased separation of perketls derived from arachidonic, linoleic, and
olew acid hydroperoxides. Chem Res. Toocacol $: 296-243

20, Dussault, P. H., and A, Sahli, 1990, An olefination-based route to
unsaturated hydroperoxides. Tetrahedron Lett. 31: 5117 5120,

21, Baba, N, K. Yoneda, S, Tahar, J. Iwasa, T. Kaneko, and M, Matsuo
1990, A regioselective, stereoselective synthesis of a diacylglycero.
phosphocholine hydroperoxide by use of lipoxygenase and lipase,
[ Chem. Soc. Chem. Commun. 18: 128] - 1282,

22, Tagin-Endo, M., K. Ono, K Nakagawa, M. Yotsu-Yamashic, andd 1
Miyazawa. 2002, Ozonation of PC in ethanol: separation and iden-
tification ol a novel ethoxyhydroperoxide, Lipids, 37: 1007-1012,

23, Tagiri-Endo, M., K. Nakagawa, T. Sugawara, K. Ono, and T, Mivazwa,
2004, Ovonation of cholesterol in the presence of ethanol: identifici-
tion of 4 eytotoxic ethoxyhydroperoxide molecule, Lignds. 3% 259 264,

24. Kambayashi, Y, Y. Yamamoto, and M. Nakano. 1998, Preferential
hvdrolysis of oxidized phosphatidylcholine in chalesterol-containing
phosphatdylcholine liposome by phospholipase A2 Biochem. Biolys
Res. Commun. 245: 705-708,

25, Miller, K. D, H. Husmann, H. P. Nalik, and G. Schomburg, 1990,
Transesterification of fauy acids from microorganisms and human
blood serum by trimethylsulfonium hvdroxide (TMSH) for GO
analysis. Chromatographia, $0: 245 248

26. Turnipseed, S, B A, ) Allentoff and | A, Thompson. 1993, Analysis
of tnmethylsilylperoxy derivanves of thermally labile hydroperox:
wdes by gas chromatography-mass spectrometry. Anal. Biochem
213: 218225,

27, Mlakar, A, and G. Spiteller. 1996, Distinction between ensymic and
nonengymic lipid peroxidation. [ Chiomatogr A, 743: 295 300

28 Wang, X. H., T. Ohshima, H, Ushio, and C Kotzami, 1994, Propor.
tion of geometrical hydroperoxide isomers generated by radical
oxidation of methyl Tinoleate in homogeneous solution and in
aqueons emulsion. Lipids, 34: G75-679,

=

=

10,




M

81|

Wang, X. H.. H. Ushio, and T. Ohshima, 2005, Distributions of hydro
peroxide positonal isomers generated by oxidaton of 1 padmitoy]-2
arachidonoylsnglycero-3-phosphocholine in liposomes and in
methanol solution. Lapeds, 38 6372

Mivazawa, T., and T

Hayashi. 1998, Age-associated oxidative dam:
age in microsomal and plasma membrane lipids of rar hepatocytes
Mech. Ageing Dev, 100z 23] -242

Kinushita, M., 5. Oikawa, K Avasaka, A. Sekikawa, T Nagashima, T
Toyota, and T. Miyazawa. 2000, Age-related increases in plasma
phosphatidylcholine hydroperoxide concentrations in control sub-
jects and patients with hyperlipider Clin. Chem. 46
Moriya, K., K. Nakagawa, T. Santa, Y. Shintani, H. Fu

" Mivarawa, K Ishibashi, T. Horie, et al. 2001, Oxida
tive stress in the absence of inflimmation in a mouse model for
hepatitis C virus-assoctated hepatocarcinogenesis. Cancer Res. 61:
1365-4370.

Nagashima, T., S. Oikawa, ¥ Hir
Ishigaki, R ¥

T. Tsutsumi,

ama, Y Tokita, A. Sekikawa, Y
nada, and T. Miyazawa. 2002, Increase of serum phos-
phatidylchol hydroperoxide dependent on glycemic control in
type 2 diabetic patients, iabetes Res. Clin. Pract. 56: 19-25
Tokita, Y., Y Hirayama, A, Sekikawa, H. Kotake, T. Toyota, T. Miyazawa,
I, Sawal, and S. Oikawa. 200!
selerosis and deposition of advanced glycated end-products in
cholesterolfed mbbits, . Atherscler Thromb. 12: 260-267

ructose ingestion enhances athero

Preparation of lipid hydroperoxide references



Coronary Heart Disease

Usefulness of Pravastatin in Primary Prevention
of Cardiovascular Events in Women
Analysis of the Management of Elevated Cholesterol in the Primary

Prevention Group of Adult Japanese (MEGA

Study)

Kyoichi Mizuno, MD, PhD; Noriaki Nakaya, MD, PhD; Yasuo Ohashi. PhD;
Naoko Tajima, MD, PhD; Toshio Kushiro, MD, PhD; Tamio Teramoto, MD, PhD:
Shinichiro Uchiyama, MD, PhD; Haruo Nakamura, MD, PhD;
for the MEGA Study Group

Background—I1t is well known that stating reduce the risk of cardiovascular discase. However, the effeet of statins in
women for the primary prevention of cardiovascular disease has not been determined. We conducted an exploratory
analysis of the effect of diet plus pravastatin therapy on the primary prevention of cardiovascular events in women with
data from a large-scale primary prevention trial with pravastatin,

Methads and Results—Patients with hypercholesterolemia (5.7 to 7.0 mmol/L) and no history of coronary hewt discase o
stroke were randomized to diet or diet plus pravastatin 10 to 20 mg/d and followed up for =5 years. We investigated the effect
of diet plus pravastatin trestment on cardiovascular events in 5356 women during the S-year follow-up. The incidence of
cardiovascular events in the women was 2 to 3 tmes lower than that in men. The oceurrence of cardiovascular events was
26% to 37% lower in the diet plus pravastatin treatment group than in the diet alone group. Although these differences did
not reach statistical significance, the overall risk reductions were similar to those in men. Notably, women =60 years of age
wreated with diet plus pravastatin had markedly higher risk reductions for coronary hewrt discase (45%). coronary heart discuse
plus cerebral infarction (50%), and stroke (64%) than did women treated with dict alone.

Conclusions

Treatment with pravastatin in women with elevated cholesterol but no history of cardiovascular discase

provides a benefit similar to that scen in men, and this benefit 15 more marked in older women. This treatment should
be considered routinely for primary cardiovascular protection in women with elevated cholesterol levels. (Circulation.

2008:117:494-502.)

Key Words: coronary discase m hypercholestervlemia ® prevention m stroke m wonien

It is well known that the incidence of and mortality rates from
cardiovaseular disease (CVD) are lower in women than in
men of the same age. However, as in men, the incidence of
ischemic heart disease in women rises with age, and the
incidence in women reaches the level in men a decade later.'?

Clinical Perspective p 502

Factors possibly explaining this = 10-year lng in disease onsel
between men and women include direct actions of estrogen
on blood vessels* and women’s lifestyle charactenstics (re-
lated to smoking, alcohol consumption, dietary style. exer-
cise, eic) that are favorable for the prevention of curdiovus-
cular events.® However, the estrogen hypothesis has been

Received November 7. 2006; accepied November 7, 2007

controversiol, amd the risk factors of diabetes mellitus or
hypertension are more prevalent in women.™ Thus, there is
still some argument about the reasons for the delayed onset of
cardiovascular events in women." Indeed, the risk for cardio-
vascular events is lower for women than for men of corre-
sponding age because the average life expectuncy is [0 years
longer for women: thus, the overall number of CVD events
analyzed for all age groups does not differ between men and
women.' Moreover, reports have shown that the prognosis
for CVD is less favorable in women than in men.” Therefore,
it 1s important to establish valid means for preventing the
onset of CVD i women, Numerous large-scale studies
designed to evaluate the usefulness of hydrosymethyl glu-

From the Departiment of Medicine, Nippon Medical School (K.M.); Nakaya Clinic (N.N.); Department of Biostatistics/Ephdemiology and Preventive

Ilenlth Sciences, Univer
Medicine. Nihon University Surugadai Hos
Neurology, Tokyo Women's Medical Univ

Clinical tial registration infarmat

iy of Tokyo (Y,0.); Department of Internal Medicine, Jikel Universily School of Medicine (N0 Depaniment of Internal
HT.K.); Depantment of Internal Medicine, Teikyo University School of Medicine (1.1, |’ll'llill|\nl ol
sity School of Medicine (5.U.); and Mitsukoshi Health and Wellwre Foundation (H.N ),
1—URL: hup:/fwww clinicalirials.gov, Unique identifier: NCTOO211705,

ohya, Japan

Comrespondence fo Kyolchi Mizuno, MD, PhD, Department of Internal Medicine (Cardiology. Geratrics, Hepatology and Integrated Mediciner, Nippen
Medical School, 1-1-5, Sendugi, Bunkyo-ku, Tokyo, 113-8603. Japan. E-mail mizunok @nms.ac jp

@ 2008 American 11 Association, Inc.

Cirendation is available at http:/fvircahajonrnals.org

DOL: 10116 VCIRCULATIONAHA 06,07 1826

Downloaded from circ.ahajournals.org at F2ARGER JAPAN INC on February 5. 2008

— 162



Mizuno et al

tarvl coenzyme A reductase inhibitors (statins) in primary and
secondary prevention of CVD conducted since the 19905517
have enrolled primarily men. No study conducted to date has
conclusively demonstrated the usefuliess of statin therapy as
ameans of primary prevention of CVD in women. Moreover,
the effectiveness of statins i women remans unknown,
despite some attempts 1o determine it through meta-
analyses. '8.19

In Japan, the recemtly reported Management of Elevated
Cholesterol i the Primary Prevention Groups of Adult Japanese
(MEGA) study was designed to evaluate the usefulness of
pravastatin in the primary prevention of CVD.2021 OF the 7832
patients enrolled in this study, 68% were women; =>5000
women were followed up for a mean of 5.3 years. The number
of women in this study is the lurgest of any study of statins
conducted to date. Here, we summarize the comparison of the
results between women and men and report the results of a
detailed investigation in women in the MEGA study.

Methods

The MEGA study design and overall findings have been reported
previously *2' Brielly, in this prospective, randomized, open,
blinded end-point siudy® conducied between 1994 and 2004, men
and postmenopausal women (physician diagnosis) 40 to 70 yews of
age with hypercholesterolemian whose total cholesterol (TC) levels
ranged from 5.7 o 7.0 mmol/L with no history of coronary heart
disease (CHD) and cerebrovascular disease visiling the outpatient
clinic were asked 10 join the study; all subjects provided writien
informed consemt. The eligibility cheek was done on individual
palients by attending physicians on the basis of their diagnosis. Then,
their eligibility was determined by laboratory testing ol their serum
chol | using a lized procedure on 2 or ¥ occasions over
12 weeks. Eligible patients were randomly assigned to the National
Cholesierol Education Program (NCEP) siep 13 diet alone group or
lo the NCEP step I diet plus pravastalin by computerized random-
ization by the permuted-block method and siratified according o
sex, age, and medical institution. Major exclusion criteria included
[amilial hypercholesterolemia, a history of CVD, a curremt diagnosis
gnancy, and secondary hypedipidemia. The dose of prava-
was 10 to 20 mg/d, the approved dose in Japan,

Patienis were evaluated during every visil to the hospitaliclinic. Each
patient received a medical chieck. including onset of end points, by the
attending physician at 1, 3, and 6 months after the stant of follow-up and
every 6 months (herealier. For each evem, ithe diagnosis was made by
the auending physician (including data from ECG and myocardial
scinligraphy as needed) and reponed in dewil. ECGs were performed
onee a year. Information on individual patients was eniered into ihe case
report [orms by their atending physicians and reporied (o the data
center. For each event, detailed information was obiained from physi-

Analysis in the Female Subgroup From MEGA Study 495

with uptitration to 20 mg/d il the TC level did not decremse 1o
=5.69 mmol/L in compliance with the approved Japanese dose. Patients
in each group exceeding a TC of 6.98 mmol/L. even aller enhancemeni
of assigned treatment, could be switched 1o other aggressive eamems,
including statin therapy. Concomitant trestment for complications was
not reswicted in either group.

The follow-up period was initially scheduled for § years: however.
on the basis of the recommendation of the Dala and Salely Moni-
toring Commitiee, the study was continued an additional 5 yeurs 1o
increase (he number of events. Thus, patients who provided written
consent al 5 yews 1o continue the study were lollowed up until the
end of March 2004, The wial was conducted in compliance with the
ethics principles of the Declaration of Helsinki and the Jupanese
Minisiry of Health, Labor. and Welfare ordinance regarding post-
marketing surveillunce.

Suutistical analyses were performed following the inention-1o-
wreat principle. The analysis seis were deiermined by the Dua
Review Commillee before the end of the study in a blinded manner
based on prerandomization patiem data to avoid the possibility of
introducing bias. The effect of diet plus pravastaiin on primary and
secondary end points in women was examined mainly using the
S-year data 1o reduce the effect of the high drop-in rate for st 5
in the patients randomized 1o diel only caused by the al
follow-up period. Baseline charnctenistics and lipid changes duning
each year of the 5-year study period were evaluated in women
Time-lo-event curves for major evenis were estimnied by (he
Kaplan-Meier meihod in women and men and in both treatment
groups. The effect of diet plus pravasiatin treatment for women was
compared with men for the major end points of CHD. CHD plus
cerebral infarction, stroke, and total monality and was evaluated in
men and women stratified by age, The elassification critena of each
event were reported previously.*

The evaluation of safely. including severe adverse events and
cuncers that occurred after 5 years, was based on the entire study
period for each patient to determine the salety of long-term trea-
ment. The log-tank test was used for comparison between gronps.
Hazard ratios and their confidence intervals were estimited by Cos
propodional-hazards model. Adjusted analysis also was conducied
by Cox proportional-hazards model with age. hypertension. diabetes
melliws, and HDL-C level as covariates. Smoking was nob used us
covariate because of the low proportion of female smokers, TC wis
not used [or the adjusted analysis because eligible patients for this
study had a narrow range of TC (5.7 to 7.0 mmol/Ly. The Tnclors
adjusted in this model were determined by risk factor analysis of the
present duta. Heterogeneity of trestment efTect for major end points
(CHD. CHD plus cerebral infarction, swoke, and total moriality )
belween men and women was examined by testing for (rgatiment-sex
interaction with the Cox proportional-hazards  model. ineluding
weatment group, sex, and the interaction term. For the eximination
of the effects of aging. Cox modeling was sdjusted for dinbetes,
hyperiension, and HDL-C level.

The authors had full access 10 and ke Tull responsibiliny for the
integrity of the daa. All authors have temd and agree 0 the

ript as writlen

cians and evaluaed by the End-Pomm C under blinding
according 10 the criteria we reported previously.® Throughout the study
period, TC, high-density lipoprotein cholesterol (HDL-C), wiglycerides
(TGh and lipoproteinia) levels were measured centrally at tie same
luboratory using methods standardized by the Centers for Disease
Control and Prevention (Atlanta, Ga). Low-density lipoprotein choles-
terol ILDL-C) level was estimated by the Friedewald formula® The
primary composite end point was the first occurrence of CHD, com-
prising fatal and nonfalal myocardial infarction, candisc and sudden
death, comnary revasculanzation procedure. and angina. Secondary end
points included suoke, cerebral infarction, muacranial hemorrhage.
CHD plus cerebral infarction, cerebral infarction plus uansient ischemic
altack. all eardiovascular events, and total monality. All events were
independently verified by the End-Point Commitiee in the blinded
manner. Patients in both groups were counseled 1o follow the NCEP
step 1 diet twoughow the swudy penod. Treaument in the diet plus
pravastatin group was initinted at pravastain 10 mg/d. During follow-
up, the dose of pravasialin could be adjusted by he wealing physician,

Results

Baseline Characteristics and Lipid Parameters

Of the 7832 patients enrolled in MEGA, 5356 (68.4% ) were
women and 2476 (31.6%) were men. Table 1 summarizes the
buseline characteristics by sex.

No difference was found i any baseline charmctenstc
between the diet group and diet plus pravastatin group in
wamen. The mean age in women was 39.7 years, slightly
higher than in men. Fewer women (17.8%) than men (27.5%)
had diabetes mellitus. However, slightly more women had
hypertension (42.6% of women versus <40.2% of wen)
Baseline TC level did not differ markedly between women
(6.3 mmol/L) and men (6.2 mmol/L). However. baseline TG
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Table 1. Baseline Characteristics According to Sex

Womien
Diet Diet +Pravastatin Total Men, Total
Characlenstics n=2718) (n=2638) (n=5356) (n=2476)
Demographics
Age
Mean (SDj, y 59.8 (6.0) 586(6.2) 58.7 (6.1) 552(8.3)
<55y, n (%) 592 (21.8) 599 (22.7) 1191 (22.2) 1183 (47.8)
=55y, n (%) 2126 (78.2) 2038 (77.3) 4165 (77.8) 1293 (52.2)
BMI, mean (SD), kg/m? 237 (3) 23.7(3.3) 237132 24.2(2.8)
SBP, mean (SO0}, mm Hg 1324 (17.0) 132.2(17.0) 1323 (17.0) 13200162
DBP, mean (S0), mm Hg 78.2(10.) 77.6(10.3) 77.9(10.2) 80.2(10.3)
Hypertension,* n (%) 1155 (42.5) 1126 (42.7) 2281 (42.6) 996 (40.2)
Diabetes,” n (%) 475 (17.5) 477 (18.1) 952 (17.8) 680 (27.5)
Smaker.t n (%) 17 (6.3 163 (6.2) 334 (6.2) 1280 (51.7)
Drinking, n (%) 337(124) 329 (12.5) 666 (12.4) 1697 {68.5)
Lipid values, mmol/L
TC, mean (50) 6.3(0.3) 6.3(0.3) B.3(0.3) 6.2(0.3)
LDL-C, mean (SD) 4.1(0.4) 4.1(0.4) 4.1(0.4) 4.0 (0.5)
HOL-C, mean (50) 1.5(0.4) 1.5(0.4) 1.5(0.4) 1.4(0.4)
TG, median (mterquartile range) 1.3(1.0-1.8) 1.3(1.0-1.8) 1.3 (1.0-1.8) 1.7 (1.3-2.4)
Lp(a), mean (SD) 0.9(0.9 0909 0.9 (0.9 0809

BMI indicates body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; and Lp(a),
lipoprotein(a). LDL-C was calculated with the Friedewald formula,
"Hypertension and diabeles were based on physician diagnosis.
tSmoker includes current and past smokers.

level was lower in women (1.3 mmol/L) than men (1.7 mmol/L),
and HDL-C level was higher in women (1.5 mmol/L) than

men (1.4 mmol/L) (Table 1).

In women, TC levels decreased by 1.1%, 2.5%, and 2.7%
i the diet group and by 12.4%, 12.6%, and 11.8% in the diet

Table 2. Lipid Profiles During the Study Perivds in Women

plus pravastatin group at 1, 3, and 5 yeurs, respectively,
relative to baseline. LDL-C Jevel decreased by 1.6%, 4.6%,
and 4.9% and by 19.1%, 20.2%, and 19.1% in the 2 groups o
1, 3, and 5 years, respectively. On average, TC und LDL-C

reductions after diet therapy were higher by

={.7%

Average Change

Baseling Year 1 Year 3 Year 5 Average in Men
Palients, n
Diet 28 2296 2006 1362 2718 1248
Diet-+ pravastatin 2638 2185 1951 1330 2638 1228
TC, mean=5D, mmollL
% change)
Diet 63+03 62:06(-1.1) 61207(-25) B.1=0.7{—2.7) B.2=0.4(-20) 27
Diet + pravastatin 63203 5.5=06(—12.9) 5520.6{—126) 5507 (—11.8) 552405(-11.9) -11.0
LDL-C, mean 50, mmolL
(% change)
Diet 41=04 40=06(—1.6) 3820.7(-48) 3.9:0.7(—-4.9 39+05(-33 -46
Diet + pravastatin 41%04 33206(-19.) 3.2+06(~-20.2) 3.3+£0.6(—19.1) 33+05(—187) 176
HDL-C, mean:+ 50, mmolL
(% change)
Diet 15404 1.6+04(19) 1.6:0.4 (4.8) 1.6+04(5.0) 1.6:04(23) 1.7
Dist+ pravastatin 1504 16204 (4.4) 160463 16204 (62 16=04(43) 55
TG, median | inlerquartile],
mmolL (% change)
Diet 1.3(1.0-1.8] 1.2[09-1.8](-69 1.2[0917](=78 1.2[08-17](-69 1.3[1.0107](-1.3 -3.1
Digt + pravastatin 1.3[1.0-18] 1.2[08-1.6](—131) 1.2[09-16](—114) 1.2[08-16](-122) 1.2[1.016](-7.2) ~-71.7

LDL-C was calculated with the Frisdewald formula. All lipids measurements within +3 months from measurement poinis at 1, 3, and 5 years after m.t:a'hor\_ ;_.}
treatment were averaged. All lipid values were measured at the cenltral laboratory. Percent changes were averaged in each individual versus baseling.
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Figure 1. Kaplan-Maier curves for major end points in men and women. Ml indicates myocardial infarction.

1.3%, respectively, in women than in men, and these 2
parameters after diet plus pravastatin therapy were lower by
0.9% and 1.1%, respectively, in women than in men,

HDL-C levels rose by 2.3% on average after diet therapy and
by 4.3% on average after diet plus pravastatin therapy. TG levels
tecreased by 1.2% on average afler diet therapy and by 7.2% on
average after diet plus pravastatin therapy (Table 2),

Incidence of Outcomes

The incidence of events was compared between women and
men by Kaplan-Meier methods for fatal/monfatal CHD,
myocardial infarction, stroke, CVD, and total mortality dur-
ing the 5-year follow-up (Figure 1). The incidence of all
major events was consistently increased during the follow-up
periods in both women and men, and the difference in the
incidence rate between women and men did not change
throughout the study period. The incidence ratios of the major
end points during the S-year follow-up in women and men by
randomized group are shown in Figure 2. In women in the
diet group, the incidence of CHD and CHD plus cerebral
wfarchion was 2.9 and 4.6 per 1000 person-years, respec-
tively, which was one-third that in men (8.9 and 12.9 per
1000 person-years, respectively). and the incidence of stroke
and all-cause death was 2.7 and 3.1 per 1000 person-years,
respectively, which was about one-half that seen in men (5.0
and 4.7 per 1000 person-years, respectively). In the diet plus

pravastatin group, the difference between women and men for
the incidence rates of these events was similar to that in the
diet group.

Efficacy and Safety of Pravastatin Treatment
The incidence of CHD in women was proportionally lower by
25% (hazard ratio [HR], 0.75: 95% CL. 045 to 1.25) in the diet
plus pravastatin group compared with the diet group. with no
significant imteraction (P=0.67 for interaction) between women
and men (HR, 0.65; 95% CI, 041 to 1.02; Figures | and 2)
Furthermore, the incidence of stroke, CHD plus cerebral mfire-
tion, cerebral wnfarction plus transient ischenuc attack. wnd all
cardiovascular events for women was proportionally Jower by
37% (HR, 0.63; 95% C1, 0.36 to 1.10), 26% (HR. 0.74: Y5% C1.
0.50 to 1.12), 23% (HR. 0.77; 95% CI1, 041 to 1.4, and 28%
(HR, 0.72; 95% CI, 0.50 to 1.02), respectively. m the diet plus
pravastatin versus diet group, Total mortality in wonsen wus
lower by 41% (HR, 0.59; 95% CI, 0.35 10 0.997) in the diet plus
pravastatin group compared with the diet group (Table 3wl
Figure 1), The risk of major events was decreased by 415 34%.
and 19% for CHD plus cerebral infarction. stroke, and fotal
mortality, respectively, in men: no significant interaction was
found between women and men (Figure 2).

In women, risk of events such as CHD rose with age and
tended to rise particularly markedly in women =55 yeurs of
age at enrollmem (Figure 3).
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No. (/1000person-years) ‘ b p value
. Dietrpravastatin | Diet {95%C1) p value
CHD Dist Dietspravastatin better i better
Men 49/1248 (B9)  31/1228(5.7) —.—r 0.65(0.41-102) .06
H 067
Women 36/2718 (29) 26/ 2638 (2.2) el e e 0.75 (0.45-1.25) 027

CHD+ cerebrovascular disease

Men T1/1248 (128) 4111228 (7.6) —.— I 0.59 (0.40-0.87) 0.007
1 D42

I
Incidence rate Hazard ratio Heterogeneity

Women 56/2718 (4.6)  40/2638 (3.4) e 0.74 (0.50-1.12) 015
Stroke E
Men 28/1248(50) 18/1228 (33) S E—— 0.66 (0.37-1.20) 0.7
s 090
Women 33/2m8(27)  20/2638(1.7) T | | 0.63 (0.36-1.10) 0.10
Total Mortality '
Men 2711248(47)  21/1228 (3.8) B e 0.81 (0.46-1.43) 0.46
H 043
Women 39/2718(3.1)  22/2638 (1.8) PR, 0.59 (0.35-1.00) 0.046
L] hd i v 1
0 05 1.0 1.5 20

Hazard Ratio

Figure 2. Heterogeneity for major end points between men and women. Square size indicates the event incidence rate

In the analysis according to age, diet plus pravastatin years of age. No difference was observed between age and
treatment reduced the incidence of CHD, CHD plus cerebral total mortality (Figure 4).
infarction, and stroke more markedly as age increased. The No difference was observed in the incidence of severe
magnitude of risk reduction for CHD, CHD plus cerebral adverse eveuls in woinen in the diet group (8.9%: n=242)
infarction, and stroke was greater by =30% in patients =55 and diet plus pravastatin group (9.6%; n=252). Tissue site

Table 3. End Points in Women
No, (per 1000 Person-Years)

Diet Digt + Pravastatin - Cruce Adpust*
in=2718) n=2638) HR [85% C1) P HR (85% Cl) P
Primary point
CHD 36 (2.91) 26 (2.20) 0.75(0.45-1.25) 0.27 0.74 [0.45-1.23) D.25
Secondary end poinls
Stroke 33267 201(1.69) 0.63 (0.36-1.10) 0.10 0.63 (0.36~-1.09) 0.0
Cerebral infarction 20 (1.62) 14(1.18) 0.73(0.37-1.45) 0.36 0.7210.37-1.43) 0.35
Intracranial hemorrhage 12 (0.97) 6 (0.50)
Not classifiable 1(0.08) 01(0.00)
CHD + cerebral infarction 56 (4.55) 40(3.39 0.74 (0.50-1.12) 0,15 0,73 (0.48-1,10) 0.14
Cerebral infarction+TIA 23(1.86) 17 11.43) 0.77 (0.41-1.44) 042 0.77(0.41-1.43) 041
All cardiovascular events 74 (6.04) 51(4.33) 0.72 (0.50-1.02) 0.07 0.71 (0.50-1.01) 0.06
Total mortality 39 (3.10) 22 (1.83) 0.58 (0.35-0.997) 0.046 0.59 (0.35-0.9398) 0.049
Cardiovascular death 4 (0.32) 4(0.33)
Non-cardiovascular 35(2.78) 18 (1.50) 0.54 (0.31-0.95) 0.03 00.54 (0.31-0.95) 0.03
death
Cancar 19(1.51) 10(0.83) 0.55 (0.26-1.19) 012 0,55 (0.26-1.19) 0.13
Accident 5(0.40) 3i0.25)
Other 6 (0.48) 3025
Unknown 5(0.40) 2{017)

TIA indicates transient ischemic altack. HR and 95% CI were estimated for the end points having = 20 events in the combined treatment groups
CHD included fatal and nontatal myocardial infarction, angina, cardiac and sudden death, and revasculanzation
“Adjusted by age, HDL-C, hypertension, and diabetes.
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4 Table 4. Cancers in Women
—+—CHD No. (per 1000 Person-Years)
—8—CHD4CI
=& Stroke Diet Diet + Pravastatin
3t TRy (n=2718) (n=2638) HR (85% CI) p
« Al cancers 78 (5.55) 74 (5.46) 098(071-135 091
I'FE Gastrointestinal 38 (2.69) n@E2n 0.84 (0.52-1.35) 047
a4, Respiratory 5(0.42) 4(0.28) 068 (0.20-246) 057
g Breast 15 (1.06) 100079 069(0.31-153 0.36
B Genitourinary 10 (0.70) 14(1.02) 1.45 (0 64-320) 037
i Other 12 (0.85) 17(1.24) 148 (0.70-308) 030
1 First occurrence of cancers was counted.
Discussion
gol—=" & — Of the patients enrolled in this study, ~70% (5356 patients)
<55y 55-50y B0-64y 265y were women, more than any previous study of statins ol
Age prevention. The results of the present analysis are lased on

Figure 3. Incidence of major end points according to age group
in women during the 5-year follow-up

and total incidence rate of cancer did not differ signifi-
cantly between the 2 groups (n=78, 5.55/1000 person-
years; and n=74, 546/1000 person-years, respectively;
Table 4).

detailed analyses of the women in the MEGA study, Tn the
women in the MEGA study, the incidence of events was lower
for women than for men, and the risk for women tended to rise
with age, similar 1o the findings i previous reponts.'* The
generally low incidence of events in women reguires a Luge
sample size to make a valid comparison, which moy have
comtributed to the lack of studies of women to date. The A

Incidence rate Hazard ratiot
No. (11000person-years) Diet+pravastatin ) Diet (95%C1) p value ¢
Diet Dietspravastatin o : better
CHD H
>80 years 30 /1425 (4.7) 18/ 1380 (2.6) e 0.55(0.30-1.01) 0.054
z55years 35/2126(3.6) 2272039 (24) -—-l——- 0.64 (0.368-1.10) 0.10
250 yoars 36/2602{30) 25/2493(2.2) —l—— 0.72 (0.43-1.19) 0.20
ALL 38/2718(29) 26/2638(22) ] 0.74 (0.45-1.23) 0.25
CHD+cerebral infarction
60 years 47 /1425(7.4) 23/1380(3.7) —_— H 0.50 {0.31-0.83) 0.007
zB5years 54/2126(56) 33 /2039 (36) — 0.63 (0.41-0.57) 0.04
#50 years 56 /2602 (4.8)  38/2493(34) —_— 0.70 (0.46-1.06) 0.09
ALL S/27T18 (4.8) 40/2638 (34) -:;-:_‘[_‘_:—__-,31- 0.73 (0.49-1.10) 0.14
Stroke .
=60 years 26/1425(4.1) 9/1380 (1.4) —_—.— ; 0.36 (0.17-0.77) 0.008
.55 years 31/2126(32) 14/2038 (15) —— 047 (025088  0.02
250 years 33/2602(2.8) 19/2483 (1.7} e 0.60 (0.34-1.06) 0.08
ALL 3B12718(27)  20/2636(1.7) e 0,63 (0.36-1.09) 0,10
Total Mortality H
60 yoars 30 /1425 (4.6)  15/1380(24) —_— 0.52 (0.26-0.97) 0.04
55 years 35/2126(37) 18/2039(19) —_—— 052 (0.30-0.92) 0.02
S50 years 39/2602(32) 22/2493(1.9) —+—. 0.59 (0.35-1.00) 005
ALL 392718 ({3.1) Z2/2638(1.8) -c:___‘J_:___'__:'-_-—i 0.59 (0.35-1.00) 0.048
r T T T 1
0 0.5 1.0 1.5 20

Hazard Fatio

Figure 4, Helationship between major end poins and aging for women and the effect of pravastatin. tHR was calculated with the Cox
proportional-hazards model adjusted by age, HDL-C level, hypertension, and diabetes
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Force/Texas Coronary Atherosclerosis Prevention Study
(AFCAPS/TexCAPS),'" Antihypertensive and Lipid Lowering
Treatment to Prevent Heart Attack Trial-Lipid Lowering Trial
(ALLHAT-LLT),"* Anglo-Scandinavian Cardiac Outcomes Tri-
al-Lipid Lowering Amm (ASCOT-LLA),'* and Heart Protection
Study (HPS)'* studied primary prevention, and Scandinavian
Simvastatin Survival Study (45),% Long-Term Intervention With
Pravastatin in Ischaemic Disease (LIPID),'? Cholesterol
and Recurrent Events (CARE)," HPS,'s and Prospective Study
of Pravastatin in the Elderly at Risk (PROSPER)!?
studied secondary prevention and conducted only subgroup
analyses in women. Some studies demonstrated a 4% to 46%
reduction in nsk for relapse of CHD after treatment with
statins in secondary prevention, but the reduction was statis-
tically significant only in CARE. Among the primary preven-
tion studies, the risk of developing CHD while on statins was
significantly reduced by 24% in HPS und by 45% in AF-
CAPS/TexCAPS (P=NS§), whereas in ALLHAT-LLT and
ASCOT-LLA, no risk reduction associated with statin ther-
apy was observed. In HPS, a significant reduction in the
incidence of CHD was observed, but in AFCAPS/TexCAPS
and ASCOT-LLA, there were not enough events to allow
valid evaluation of the efficacy of statins in women. More-
over, ALLHAT-LLT was difficult to evaluate because a risk
reduction was not observed in the main analysis.

In the present study, the incidence of cardiovasculur events
was lower in women than in men. Among background variables
pussibly associated with the risk for cardiovascular events, the
percentage of smokers was lower in women. This may have
contributed to the lower incidence of cardiovascular events in
women than in men. Furthermore, the percentage of diabetic
patients was much lower in womnen than in men. Body mass
index and TG level were slightly lower in women. Thus, the
lower percentage of women with risk factors is probably
associated with the difference in the mcidence of events between
nmien and women, The influence of alcohol was not clear in the
present study because alcohol intuke was not measured. Thus,
even with a low incidence of cardiovascular events, there was a
25% reduction in the risk of CHD with diet plus pravastatin
therapy versus diet alone in the MEGA study. Itis likely that the
small number of events in MEGA did not allow detection of a
statistical difference because the number of events experienced
in present study was very low. In the comparison of risk
reduction by diet plus pravastatin between men and women, the
observed risk reduction for women compared with men was
25% versus 35% for CHD, 26% versus 41% for CHD plus
cerebral infarction, 37% versus 34% for stroke, and 41% versus
19% for total montality. Thus, although the incidence of CVD is
3 times lower in women than in men, women had a very similar
risk reduction for overall CVD events compared with men. A
significant interaction was not found between men and women
for the major cardiovascular events, and these findings indicate
that the best overall estimation of the effect of diet plus
pravastatin treatment is based on the total population.

An epidemiological study showed that the incidence of CHD
in women begins to rise sharply starting from 55 to 60 years of
age, ie, at the onset of menopause.! We observed that the
incidence of CHD events rose with age in the present study
(Figure 3). Because of reports thot the pattem of the age-related

increase of CHD in women tends o log =10 years belind that
in men,' 2% we evaluated the effect of pravastatin in relation to
age and found that diet plus pravastatin treatment was e
effective with increasing age in women and that the incidence of
cardiovascular events was halved in older patients by diet plus
pravastatin treatment in the present study. A similar observation
has been reported with low-dose aspirin therapy**: no overnll
risk reduction for CVD events was seen in the total population,
but there was a significant risk reduction in the putiems =65
years of age (no data were reported for women 60 to 64 yews).
Although the exact distribution of age among women in past
studies is not clear from the published reports, with the exception
of PROSPER in which the mean age of women was 75 years,!!
the mean age of women was ~60 years in most previous studies
and did not differ markedly from that in the present study.
suggesting that these studies included relatively young patients
in whom risk for cardiovascular events was Jow. probuhly
leading to lack of evident difference in the magnitude of nsk
reduction between statin-trented and control  groups, In the
2-year Canadian Coronary Atherosclerosis Intervention Trial
(CCAIT) study with lovastatin, LDL-C level was decreased by
=30% in both men and women, whereas progression of cono-
nary artery stenosis was suppressed more significantly in wonien
than in men. The estimated number needed to treat to prevent |
event was the same in men and women in the meta-analysis of
the secondary prevention trials,'” so there is no evidence for the
view that the failure of statins to decrease the risk of CHD in
women is associated with the mechanism of onset of CHD. The
lack of evident reduction in CHD in women by statin therapy in
past studies seems more likely atnbutable o the lack of
statistical power because of the inclusion of a high percemape
of relatively young patients whose risk for CHD events was
very low,

In the present study, the effectiveness of pravastatin in
younger women was not demonstrated because of an msul-
ficient pumber of younger women enrolled 1o detect a
difference. As recommended in the NCEP guidelines.”” co-
existing nisk factors should be taken into consideration when
younger women are treated. In view of reports that the
age-related mcidence of hyperlipidemia and CHD rises in
women =10 years later than in men, it is likely that the risk
for cardiovascular events rises after menopause. It is an
interesting question whether the onset of CHD events could
be reduced further if cholesterol-lowering therupy were
started at an earlier stage of hypercholesterolemia,

Similar to CHD, the risks for onset of stroke, CHD plus
cerebral infarction, and all CVD were reduced in women in
the pravastatin group by 37%, 26%. and 28%., respectively
The finding that pravastatin reduced the incidence of stroke is
valuable. Calculated from absolute risk reduction in the
present study, the number needed to treat to prevemt | CHD
event is 176 for women =55 years of age and 106 for women
=60 years of age. For the combination of CHD plus cer¢bral
infarction, the number needed to treat to prevent | evenl is
109 for women =535 years of age and 61 for women 60
years of age. This suggests that pravastatin may be expected
1o exert a particularly high efficacy in older women.

A significant reduction in total mortality wis seen m the diet
plus pravastatin group. Surprisingly, death from atherosclerotic
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causes was not reduced in women, and the reduction in total
mortality was due primarily to a reduction in death from
nonatherosclerotic diseases (primarily cancer). However, be-
cause the incidence of cancer wos not differeut between the 2
treatment groups, the exact reason for this reduction in total
mortality in the pravastatin plus diet group is unknown.

Severe adverse events (including cancers) did not signifi-
cantly differ between the diet plus pravastatin and diet groups
in women; notably, no increase in the incidence of cancers
specific to women (e, breast cancer, gynecologic genital
cancer) was seen. Among previous studies, the CARE study
reported that the incidence of breast cancer was significantly
higher in a pravastatin group compared with a control
group." However, considering that only 576 women were
enrolled in the CARE study and that the present study
included 10 times as many women and revealed a lower
incidence of breast cancer in the diet plus pravastatin therapy
group than in the diet alone group, it seems unlikely that
taking pravastatin elevates the risk of developing breast
cancer in women. These findings do not contradict the results
of a meta-analysis of cancers that was recently reported.?*

A limitation to consider when the results from this analysis
are interpreted is that the proportional-hazards model for men

" regarding stroke did not appear to satisfy the proportional-
hazards assumption (Figure 1C). The reason is that the
occurrence of intracranial hemorrhage in men was higher in
the diet plus pravastatin group than in the diet group during
the first 12 months of follow-up (6 versus 1 event), However,
judging from the Kaplan-Meier curves, this likely does not
affect the overall conclusions. Another limitation is that the
analyses in the subgroups of women according to age are
exploratory because of the small numbers of events and
multiple statistical testing. Thus, we need to interpret the
results for these analyses with caution.

The fact that the data are from Japunese people whose risk for
CVD is low compared with other countries! is also a limitation
for this analysis, The incidence of CHD is quite low for Japanese
people. and the incidence of stroke differs markedly between
Japanese and Western people. Although the reason for this is not
entirely clear, it has been speculated that the Japanese lifestyle
plays an important role because a higher incidence of CHD was
observed in the Honolulu Heart Program in Jupanese who
migrated to Hawaii or California than in Japanese living in
Tapan.2 The lack of an evidently significant difference for CHD
in women in the present study also seems to be attributable to the
low incidence of CHD among Japanese people, However be-
cause a risk reduction with statins was observed regardless of
nsk factors in different populations in a large meta-analysis, ™
the results of the present study may be applicable to non-
Japanese populations. Because the present study was an open-
label study. we took great care to avoid bias in the conduct of
this study. To that end, adjudication of end points was done by
the End Points Committee, which was blinded to weatment.
Furthermore, detailed information about the end points for each
group was collected by a contract research orgamzation that was
independent of the sponsor. In addition, physiciaus could at their
discretion prescribe statin therapy, either the study drug or
another statin, even 1o patients in the diet only group to limit
dropouts. Because the study subjects were followed up as
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outpatients and are insured by a single-payer national health
insurance system, it seems unlikely that treatment differed much
between patients other than the allocation to study group. Yet,
because we cannot rule out unpredictable bias, it is desirable to
carry out a double-blind study of the effect of statins
preventing ischemic heart disease with a target set for wonwn,
especially the middle-aged and elderly population,
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CLINICAL PERSPECTIVE
The beneficial effect of statin treatment in reducing the risk of cardiovascular disease is well known from the findings of
many large-scale randomized clinical trials, However, there has been some debate about the use of stating in women
because of their lower cardiovascular risk compared with men. Notably, a similar reduction in cardiovascular end points
was demonstrated with statin use in women and men in the present analysis of the Management of Elevated Cholesterol
in the Primary Prevention Groups of Adult Japanese (MEGA) study. Specifically, pravastatin reduced coronary heart
disease by 25% and 35%, coronary heart disease and cerebral infarction by 26% and 41%. stroke by 37% and 34%. and
total mortality by 41% and 19% in woimen and men, respectively. Moreover, the beneficial primary prevention effect wis
more marked in older women. Thus, these findings indicate that it is appropriate and beneficiul to consider statin treatment
in women with elevated lipids but without a history of cardiovascular disease to reduce their future risk. especially in older
women. Long-term use of statin therapy was shown to be safe in the MEGA study, without any increase in serious odverse

problems, including female specific cancer,
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Estimation of treatment effect adjusting for treatment changes
using the intensity score method: Application to a large primary
prevention study for coronary events (MEGA study)
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SUMMARY

The MEGA study was a prospective, randomized, open-labeled, blinded-endpoints study conducted in
Japan to evaluate the primary preventive effect of pravastatin against coronary heart disease (CHD),
in which 8214 subjects were randomized to diet or diet plus pravastatin. The intention-to-treat (ITT)
analysis showed that pravastatin reduced the incidence of CHD (hazard ratio=0.67; 95 per cent confidence
interval (CI): 0.49-091) and of stroke events, which was the secondary endpoint in the MEGA study
(hazard ratio=0.83; 95 per cent CI: 0.57-1.21). Owing to considerable treatment changes, it is also of
interest to estimate the causal effect of treatment that would have been observed had all patients complied
with the treatment to which they were assigned. In this paper, we present an intensity score method
developed for clinical trials with time-to-event outcomes that correct for treatment changes during follow-
up. The proposed method can be casily extended to the estimation of time-dependent treatmemt effects,
where the technique of g-estimation has been difficult to apply in practice. We compared the performances
of the proposed method with other methods (as-treated, ITT, and g-estimation analysis) through simulation
studies, which showed that the intensity score estimator was unbiased and more efficient. Applying the
proposed method to the MEGA study data, several prognostic factors were associated with the process of
treatment changes, and after adjusting for these treatment changes, larger treatment effects for pravastatin
were observed for both CHD and stroke events, The proposed method provides a valuable and flexible
approach for estimating treatment effect adjusting for non-random non-compliance. Copyright © 2007
John Wiley & Sons, Ltd.
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I. INTRODUCTION

In a typical clinical trial, patients are randomized to one of the treatment groups and each patient
is expected to receive that treatment throughout the follow-up to assess the effect of the treatment
on some outcome. However, most clinical trials are not ideal; hence, patients often fail to adhere to
their assigned treatment and switch to another trial treatment. Such non-compliance with assigned
treatment is a common feature of clinical tnals. Recently there has been much interest in methods
for analyzing randomized clinical trials of treatments to which the subject are not compliant [1-3).

One approach for analyzing data for non-compliance is the as-treated (AT) analysis, which
compares outcomes based on the treatment that patients actually received. When non-compliance
is completely at random, that is, independent of both (observed and unobserved) baseline and time-
dependent factors, the AT analysis can give a valid test for the null hypothesis of no treatment effect
and can also give an unbiased estimate of treatment effect. In most clinical trials, however, patients
who comply with their assigned treatment are not comparable with those who do not with respect
to some important prognostic factors, In this case, both the decision to comply and the outcome
may well depend on underlying possibly unmeasured health status, Thus, when non-compliance
is non-random, the AT analysis will not be valid even under the null hypothesis because of the
comparison of selected groups [3, 4].

The more commonly used analytic approach is an intention-to-treat (ITT) analysis, which
compares outcomes based on the treatment groups randomized by design regardless of whether
the patients complied with their assigned treatment. Because the comparability of the treat-
ment groups is guaranteed by randomization, the null hypothesis of no treatment effect for
all patients (sharp causal null hypothesis) is preserved in the ITT analysis. That is, successful
randomization insures that the ITT comparison provides a valid test for the sharp causal null
hypothesis of no treatment effect even in the presence of non-random non-compliance. Moreover,
p-values have a randomization interpretation when design-based (randomization-based) analyses
are used [5]. Furthermore, the ITT estimate would correspond to the overall treatment effect that
would be realized if the treatment were actually adopted and practiced in the community, provided
the rate of non-compliance and the factors influencing non-compliance that are observed in the
trial are identical to those that would occur in the community. A point against the ITT analysis
is that the ITT parameter does not measure the true biological effect of treatment, but rather a
mixture of the effect on the compliers with the absence of effect on the non-compliers, because
the ITT estimate is the average effect of treatment assignment. Hence, the ITT analysis gives esti-
mates that are biased toward the null when treatment crossover is present, and the ITT measure of
treatment effect will diminish as non-compliance increases. Moreover, the rate of non-compliance
in the community, once the treatment is adopted, may not be the same as the rate in the original
clinical trial.

Therefore, in the analysis of non-compliance data, it is important to estimate the causal effect
of treatment, that is, the effect that would be realized if all patients complied with the treatment to
which they were assigned. Robins [6-8] has proposed a structural nested mean model (SNMM) to
estimate such causal effect in the presence of non-random non-compliance. Under the assumption
that non-compliance at each time is at random, given the observed histories that influence a patient’s
decision to comply, that is, the assumption of no unmeasured confounders, the causal parameter
in a SNMM can be estimated by the technique of g-estimation.

Recently, Brumback et al. [9) proposed the intensity score approach for the analysis of time-
varying treatments in the presence of time-dependent confounding. They provided conditions

Copyright © 2007 John Wiley & Sons, Ltd. Starist. Med. 2008; 27:1718-1733
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under which the intensity score approach consistently estimates a treatment effect in a SNMM.
The intensity score is cumulative differences over time between treatment actually received and
treatment predicted by prior observed medical history. The SNMM treatment effect can be obtained
by regressing outcomes on the intensity score. Thus, the intensity score approach can provide an
easy implementation of g-estimation for the analysis of non-random non-compliance. Since the
intensity score approach was originally proposed for continuous outcomes, we extend its use to
time-to-event outcomes with censoring. This extension is useful, because censoring due to end
of scheduled follow-up requires special care when using g-estimation based on the structural
accelerated failure time (SAFT) model [10-16], while the intensity score approach can treat
the censoring within the framework of standard regression models. Furthermore, the intensity
score approach has the advantage of providing estimates of parameters in a SNMM that allows
the treatment effects to vary across time, while it has been difficult to apply such a model in
practice using the technique of g-estimation [9].

This article is organized as follows. In Section 2, we describe the motivating study from a large
randomized primary prevention study for coronary events, the Management of Elevated Cholesterol
in the Primary Prevention Group of Adult Japanese (MEGA) study [17,18]. In Section 3, we
develop the intensity score approach for event times. In Section 4, simulation studies are conducted
to compare the performances of the proposed intensity score method with those of the AT, ITT,
and g-estimation (semi-parametric randomization-based) analysis [10, 12]. Section 5 presents the
analysis results of the MEGA study data. Finally, Section 6 provides some discussions.

2. THE MEGA STUDY

We will briefly describe the motivating study and the data (MEGA study). Full details on the design,
conduct, and main clinical results have been reported [17, 18]. The MEGA study is a randomized
controlled trial conducted in Japan to evaluate the primary preventive effect of a statin against coro-
nary heart disease (CHD) in daily clinical practice. In this prospective, randomized, open-labeled,
blinded-endpoints design study, men and postmenopausal women aged 40-70 years with hyperc-
holesterolemia (total cholesterol (TC) level: 220-270 (mg/dL)) and no history of CHD or stroke
were randomized to diet (diet group) or dict plus pravastatin 10-20mg daily (pravastatin group).

Between February 1994 and March 1999, a total of 15210 persons visiting outpatient clinics
were registered throughout Japan. Of the 15 210 subjects who met the inclusion criteria regardless
of their TC levels and who provided signed informed consent, 8214 who met the TC criterion
were randomized to either diet or diet plus pravastatin treatment using the permuted block method
with stratification according to gender, age, and medical institution. After the exclusion of 382
patients (94 withdrew consent, 224 exclusion criteria violation, and 64 no recorded data after
randomization), the remaining 7832 patients were analyzed (3966 diet group; 3866 pravastatin
group).

Table I shows the baseline characteristics of the analyzed patients. There was no clinical differ-
ence between the two groups in baseline characteristics. Women accounted for 68.4 per cent (5356
paticnts) of the study population. Mean body mass index (BMI) was 23.8 (kg/m?). Mean TC,
low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C)
levels were 242.6, 156.6, and 57.5 (mg/dL), respectively. Median triglyceride (TG) level was 127.5
(mg/dL). Of the study patients, 41.8 and 20.8 per cent had hypertension and diabetes mellitus
based on physician diagnosis, respectively.

Copynght © 2007 John Wiley & Sons, Ltd. Statist. Med. 2008; 27:1718-1733
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Table 1. Baseline characteristics of analyzed 7832 patients.

Diet group Diet+ pravastatin group
Characteristics (N =3566) (N =13866)

Age (years), mean (SD) 58.4 (7.2) 58.2 (7.3)
Women, no. (per cent) 2718 (68.5) 2638 (68.2)
BMI (kg/m?), mean (SD) 238 (3.0) 23.8 (3.1)
Current smoker, no. (per cent) 572 (14.4) 612 (15.8)
Current drinking, no. (per cent) 1183 (29.8) 1180 (30.5)
Hypercholesterolemia medication history, no. (per cent) 621 (15.7) 586 (15.2)
Hyperntension, no. (per cent) 1664 (42.0) 1613 1.7
Diabetes, no, (per cent) 828 (20.9) B04 (20.8)
TC (mg/dL), mean (SD) 242.6 (12.1) 2426 (12.0)
TG (mg/dL), median (inter-gquartile range) 127.5 (95.0-179.0) 127.4 (95.7-176.5)
HDL-C (mg/dL), mean (SD) 515 (15.1) 575 (14.8)
LDL-C (mg/dL), mean (SD) 156.5 (17.3) 156.7 (17.6)

SD, standard deviation; BMI, body mass index; TC, total cholesterol; TG, triglyceride. HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesteral.

After randomization, patients were followed at months 1, 3, and 6 and thereafter every 6 months.
At each visit, data on treatment compliance, use of concomitant drugs, onset of events, occurrence
of adverse events, and laboratory tests including serum lipids were collected by the investigators.
Additionally, an ECG (electrocardiogram) was obtained and evaluated annually. The follow-up
period was initially scheduled for 5 years; however, on the basis of the recommendation of the Data
and Safety Monitoring Committee, the study was continued for an additional 5 years to increase
the number of events, and thus, patients who provided written consent at 5 years (o continue the
study were followed until the end of March 2004 [17, 18].

The primary endpoint was the first occurrence of CHD, comprised of fatal and non-fatal myocar-
dial infarction, angina, cardiac and sudden death, and a coronary revascularization procedure. One
of the secondary endpoints was the first occurrence of stroke events. All endpoints were reviewed
strictly by the blinded Endpoint Committee and additional information obtained from the physician
as needed [17]. A total of 7832 patients were followed by 2658 physicians in 1320 hospitals.
The follow-up period was 41195 person-years (mean follow-up period 5.3 years). CHD events
occurred in 101 of 3966 patients in the diet group (2.55 per cent) and 66 of 3866 patients in
the pravastatin group (1.71 per cent). Figure 1 shows the Kaplan—-Meier curves for CHD events.
The ITT analysis indicated that the incidence of CHD was significantly lower by 33 per cent in
the pravastatin group than in the diet group (The ITT hazard ratio=0.67; 95 per cent confidence
interval (CI): 0.49-0.91; p=0.01 for the log-rank test) [18].

However, many patients changed to the other trial treatment frequently during the study period
(treatment crossover). This was because the protocol in the MEGA study stated that patients in
the diet group could be switched to pravastatin treatment when a reduction of TC level was not
observed, while patients in the pravastatin group could discontinue pravastatin treatment when
the reduction of TC level was observed. The treatment decisions for changing the treatment or
increasing the dose of paravastatin were determined by each treating physician. Patients who
changed to another trial treatment even once in the first 5 years were 19.9 per cent (n=790) in
the diet group and 53.4 per cent (n=2064) in the pravastatin group. These numbers for the whole
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Figure 1. Incidence proportion for CHD events.

10 years were 21.3 per cent (n=2844) and 63.1 per cent (n=2441), respectively. The effect of
patients from one treatment to the other is to make the treatment profiles of the two randomized
groups more similar than they otherwise would have been, and therefore to move the ITT hazard

ratio toward the null.

3. INTENSITY SCORE METHOD

3.1. The multiplicative structural nested mean model

We consider a randomized clinical trial in which two groups (test and control treatment) are
compared with respect to time-to-event outcomes and each patient i (i=1,..., N) receives one
of the treatments at the start of each time ¢ (r=0,..., M —1; time zero is the randomization time
and the start of the first treatment). However, some patients fail to comply with their assigned
treatment and cross over to the other treatment at each time .

Suppose we have repeated measures on treatment S;(r) (S;(r)=1 if test treatment,
Si(r) =0 if control treatment) and covariates L;(t) at time . Let H;(r) be the observed history
of treatment and the covanates prior to treatment at time f, ie. H;(t)=(L;(0),S5;(0),...,
Li(t=1),8(t—=1), L (1), with H;(0)=(L;(0)). Let T,(E,(r}, 0) denote the potential event times
in response to the hypothetical treatments (8;(0), ..., §;(1), 8;(t41)=0,..., 5;(M—1)=0). That
is, T1(S,(),0) represents the event time we would have observed if, possibly contrary to fact,
the patient had his/her actual treatment history up to time f but was then switched to control
treatment at time f+1 and remained at that treatment until the event occurred. Our notation
for the potential outcomes implicitly assumes Rubin's stable unit treatment value assumption,
which implies that potential outcomes of patient i do not depend on the treatment received by
any other patient [19]. We will also assume that the potential outcomes satisfy the consistency
assumption [7] that serves to link the potential outcomes with the observed outcomes 7;. This

assumption states that 7;=T; (E,f_r). 0) for all + when actually S;(t+4+1)=---=8§;(M-=1)=0
occurred.
Copyright © 2007 John Wiley & Sons, Ltid, Statist. Med. 2008; 27:1718-1733
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We introduce a simple multiplicative SNMM [6-8]
log E[T;(5:(1), 0)| Hy (1), S; (1)] —1og E[T; (S (t = 1), 0) | H; (1), S; ()]=PFS: (1) (1

where fi; is the constant (across f) incremental causal effect of a final treatment S;(r) at time
t on the potential outcome T;(S;(r—1),0) following a patient’s actual treatment through times
0,....1—1 and control treatment after t— 1. Under this constant treatment effect model (1), f,
multiplied by M (number of visit time) can be interpreted as the average causal treatment effect
that would be realized if all patients had continued to comply with the treatment to which they
were assigned. Robins [6—8] proposed the estimation method of f, the so-called, g-estimation
method, under the assumption of sequential conditional independence for any ¢ and k with k<r—1

T3 (Si(k), 0) | [S; (1) Hi (1) 2

which states that, when k<t-1, treatment S;(r) is independent of the potential outcomes
Ti(Si(k),0), given the observed history up to time f, H;(f). In practice, we would not expect this
assumption to be precisely true, but given a rich collection of prognostic factors that influence
a patient’s decision to comply at time ¢ recorded in H;(r), it may well be approximately true.
Robins [6-8] has referred to (2) as the assumption of no unmeasured confounders.

3.2, Estimation of fiy via the intensity score method

Brumback er al. [9] proved that the SNMM treatment effect, that is, g-estimator of fiy, can be
obtained by the intensity score method, in which outcomes are regressed on the cumulative intensity
score. We utilize their results and consider the accelerated failure time (AFT) model to obtain the
consistent estimator of fj in the multiplicative SNMM (1). Here, we assume that the observed
event time 7; is subject to independent random censoring such as an end-of-study censoring, where
T; for censored subjects is either the time until dropout or the time until end of study.

We assume the following exponential regression model (log-linear model) for 7; [20]:

M—1
logTi=p+pB; ¥ L)+ (3)
=0

where u is the intercept parameter, /; (1) = S§; (1) — E[S; (¢)| H; ()] is the intensity score at time £, and
g; follows the extreme value distribution. For binary treatment S; (), the time-dependent intensity
score I;(t) measures departures of actual treatment from the propensity score Pr[S;(t)|H;(t)] of
Rosenbaum and Rubin [21]. Since the propensity score is usually unknown, it must be estimated
from the data. If we assume a parametric model for Pr(S;(r)| H;(1)] such as

logitPe[S; (1)=1|H; (1)]=6" H, (1) 4

then the intensity score at time 1 can be estimated by fa(i}:S, () —E[S; ()| H;(1); é}. where @ is
the maximum likelihood estimator of # under model (4). Here we assume that the intensity score
at time 1 is not equal to zero with probability 1 for each patient, that is, 7; (1) 0 for any t. This
assumption will be satisfied unless there is a covariate level Hj (1) such that all patients with that
level of the covariate are certain to receive the treatment.

The estimate for f§; in model (3) can be obtained via the ordinary-weighted least-squares (WLS)
method. However, the cumulative intensity score is generally uncorrelated with the cumulative
propensity score, although E[/, (¢) E(S;(t)| H;(1))]=0 for any 1. Therefore, as Brumback ez al. [9]
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have pointed out in the case of linear model, to obtain a consistent estimator of f, via
the WLS method for model (3), the correction term Nf,C must be subtracted from the
WLS estimating function, where C=(1/N)(ET¥5' i) (M5 E(Si(0)|H,(r); ) and
wj =exp(—p)-T; -exp(—f; E i,(l)]. The corrected estimating function for model (3) is

N = ., a
Up, by =3(—d; 31 () + L 1i (1) expllogty— u— By 3L () = NB;C=0 5

where d; is the event indicator that takes the value of one if the subject failed and zero if the
subject is censored. In Appendix A, we show the proof that the correction term must be subtracted
from the WLS estimating function to obtain a consistent estimator.

Our estimating function has the form Z;‘f Ui(y) =0, where y= (u, i, 6) represents the intercept,
coefficient of the intensity score, and parameter used to model the propensity score. To correct for
having the estimated 0, the asymptotic variance of § was obtained by using a sandwich estimator,
which was computed as

(E(@U /o) [EW:UNE@U;i Jay)1~"T/N

where the estimated expectations were computed using the empirical distribution of the sample.

3.3. Time-dependent treatment effects

An extension of the multiplicative SNMM (1) is to allow the treatment effects to vary across time,
log E[T; (8i (1), )| Hi (1), S (1)) —=1og E[T; (S (¢ — 1), 0)| H; (1), Si (1)1 = Bo (1) Si (1) (6)

where fiy(r) is the causal parameter at each time r. Since f;(7) is the incremental causal effect of
a final treatment §;(r) at time 7, the cumulative effect Ei:nﬁu{k] is the average causal treatment
effect that would be realized if all patients had continued to comply with the treatment to which they
were assigned until time f. Assuming the consistency assumption and the sequential conditional
independence (2), the time-dependent causal parameters in model (6) are consistently estimated
by fitting the following model [9]

M-

H =
logTy =p+ Y. BV (0)+& M
4

=0

where the correction term Y, [/, (1)- ;- Y15 (B, (1) E(Si (0)| H; (1): @)}) must be subtracted from
the WLS estimating function for model (7).

4. SIMULATION STUDY

4.1. Simulation design

To evaluate the performance of the AT, ITT, g-estimation (see Section 4.2) and intensity score
methods, we carried out simulation studies under non-random non-compliance. We simulated data
from two treatment groups, coded as R =0 (control treatment) or R=1 (test treatment). About
equal sample size of 1000 for each group was randomly generated (total sample size was 2000).
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The simulations were based on 1000 replications so that the estimated coverage probability of a
true 95 per cent CI would have a simulation accuracy of approximately 1,35 per cent.

For each subject i (i=1,...,2000), a baseline covariate L; was generated from the normal
distribution with mean of 2 and variance of 1. The potential baseline failure time U, was generated
from the following exponential model:

Ui =Ugexp(ag+ay L) (8)

where Up was an exponential random number with mean of 1 and (o, o)) =(3.2, —=0.5) so that
the larger the value of L, the shorter the baseline failure time [/;. We evaluated the treatment
actually received S;(r) at three time points =0, 2, and 4, where all subjects were assumed to
take the assigned treatment at 1=0 (S;(0) = R;) and the treatment crossover occurred at =2 and
4 according to the following model:

logit Pr[S; (1)]=yo+7; Li+ 728 (1—2) 9)

where (y;,y2)=(1.2,4.5) so that patients with poor prognosis and taking the test treatment at
previous time point tended to receive the test treatment. The non-compliance rate was adjusted by
the value of the intercept parameter yg, where two settings were considered: 45 per cent (R=0)
versus 15 per cent (R=1) and 30 per cent (R=0) versus 10 per cent (R=1). In this non-
compliance rate, the subject was considered as a non-complier when the subject received another
treatment even once during the study period.

The observed failure time 7T; was calculated from the SAFT model

b
U‘:_[ expl—ypS; (1)]dt (10)
0

where 1 is the causal treatment effect, which was set to 3 =0.5. The observed failure time 7;
was censored at the fixed censoring time C, where C =35, 70, and o0, so that the overall censoring
proportion was nearly 90, 30, and 0 per cent, respectively.

Simulations were evaluated in terms of the bias, mean-squared error (MSE), mean length of
the 95 per cent CI (length), 95 per cent coverage probability (CP), power for rejecting the null
hypothesis, and a-error.

4.2. g-estimation (semi-parametric randomization-based analysis)

A semi-parametric randomization-based approach to estimate the causal effect has been developed
by Robins and coworkers [10, 12]. For time-to-event outcomes, their approach is based on the
causal AFT model (10), which relates a patient’s observed event time T; to the potential baseline
event time U;, that would have been observed if no treatment had been given, and the treatment
actually received S;(r) via a causal parameter Y. Note that if §;(1)= 0, then equation (10) gives
T; =U; as expected, while if S; (1) = 1, (10) gives T; = U; exp(yrg). Therefore, equation (10) implies
that for continuous treatment the potential event time U; is prolonged by the factor exp(/p).
A positive value of \ represents a beneficial treatment effect.

To estimate the causal parameter i, they choose to avoid all assumptions about both observed
and unobserved factors that influence an individual’s decision to comply such as (2), while
comparing outcomes based only on the treatment groups randomized by design, that is, their
analyses are randomization-based analysis. The key to understanding their estimation method
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