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I ORIGINAL CONTRIBUTION

Early

Statin Treatment Following Acute
Myocardial Infarction and 1-Year Survival

Ulf Stenestrand, MD
Lars Wallentin, MD, PhD

for the Swedish Register of
Cardiac Intensive Care (RIKS-HIA)

HE SCANDINAVIAN SIMVASTA-

tin Survival Study,' the Cho-

lesterol And Recurrent Events

trial,* and the Long-term In-
tervention with Pravastatin in Is-
chaemic Disease trials® have demon-
strated that treatment with 3-hydroxy-
3-methylglutaryl coenzyme A reductase
inhibitors (statins) initiated 3 to 6
months after acute myocardial infarc-
tion (AMI) reduces mortality in pa-
tients with elevated cholesterol levels.
Among high-risk individuals with high
cholesterol levels but without previ-
ous manifestations of coronary artery
disease, statin treatment as primary
prevention reduces the risk of subse-
quent coronary events.*’ Even though
there are indications that early statin
treatment initiated during the hospi-
tal stay for acute coronary syndromes
would be beneficial,*° the only clini-
cal trial that has studied early statin
intervention in acute coronary syn-
dromes is the recently completed but
not yet published Myocardial Ische-
mia Reduction with Aggressive Cho-
lesterol Lowering study.'® Thus, the
proportion of patients with AMI who
are treated with statins while in the hos-
pital varies among hospitals. There-
fore, we investigated the relationship
between 1-year mortality and statin
treatment initiated before or at the time
of hospital discharge in a large cohort
of unselected patients with AMI admit-
ted to the coronary care units of Swed-
ish hospitals during 1995-1998.

430 JAMA, January 24/31, 2001—Vol 285, No. 4
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Context Randomized trials have established statin treatment as secondary prey
tion in coronary artery disease, but it is unclear whether early treatment with sta
following acute myocardial infarction (AMI) influences survival. '

Objective To evaluate the association between statin treatment initiated before g
at the time of hospital discharge and 1-year mortality after AMI. ’

Design and Setting Prospective cohort study using data from the Swedish Regis:
ter of Cardiac Intensive Care on patients admitted to the coronary care units o
Swedish hospitals in 1995-1998. One-year mortality data were obtained from the Swi

ish National Cause of Death Register. :

Patients Patients with first registry-recorded AMI who were younger than 80 yi
and who were discharged alive from the hospital, including 5528 who received stai
at or before discharge and 14071 who did not.

Main Outcome Measure Relative risk of 1-year mortality according to statin treat
ment.

Results At 1 year, unadjusted mortality was 9.3% (1307 deaths) in the no-statin
group and 4.0% (219 deaths) in the statin treatment group. In regression analysis ad:
justing for confounding factors and propensity score for statin use, early statin treats
ment was associated with a reduction in 1-year mortality (relative risk, 0.75; 95% cofix
fidence interval, 0.63-0.89; P=.001) in hospital survivors of AMI. This reduction if:
mortality was similar among all subgroups based on age, sex, baseline characteristics,
previous disease manifestations, and medications. ¢

Conclusions Early initiation of statin treatment in patients with AMI is associated:
with reduced 1-year mortality. These results emphasize the importance of implerient
ing the results of randomized statin trials in unselected AMI patients.

JAMA. 2001,285:430-436 W ww.}amﬂ-“fﬂ.}.

METHODS

The Swedish Register of Cardiac Inten-
sive Care, also known as the Register
of Information and Knowledge About
Swedish Heart Intensive Care Admis-
sions (RIKS-HIA), registers all pa-
tients admitted to the coronary care
units of participating hospitals. Infor-
mation is reported on case record-forms
that include 100 variables. On admis-
sion, 30 variables are recorded, includ-
ing information on age, sex, smoking
status, hypertension, diabetes melli-
tus, hyperlipidemia, previous angina
pectoris, previous MI, previous coro-
nary revascularization, previous medi-
cations, symptoms, and electrocardio-
gram changes at entry and specified

time points (previous refers to events &
curring or medication started before th
current admission) (TABLE 1). Durtis:
the hospital stay, another 37 variabless
are recorded regarding biochemict
markers, echocardiography. reperfd
sion treatment, pharmacological treaf.n
ment, interventional procedures mé
jor arrhythmias, and other major
complications. At discharge, 33 Vﬂﬂ‘

Author affiliations: Department of C.&rdi’ulog);n '
versity Hospital of Linkdping, Linkdping: SWeCi. gy
Stenestrand); Department of Cardiolo£Y, U”ﬁgﬂﬁ,ﬂ
Hospital of Uppsala, Uppsala, Sweden (Dr W™
Participating Centers in the Swedish Register © 2, -
diac Intensive Care are listed at the end of this 40028
Corresponding Author and Reprints: YUIwaW;,
strand, MD, Department of Cardiology, Unwef;w el
pital of Linkdping, SE 58185 Linkoping:
(e-mail: stenestrand@riks-hia.c.se).




are recorded, including compli-
" ions, diagnosis, and outcomes dur-
the hospital stay; risk assessment
ih stress lest, coronary angiogra-
and revascularization proce-
tes; and medications at discharge.
" The criteria for the diagnosis of AMI
. standardized and identical for all
B cipating hospitals using World
|th Organization criteria'* and a
sasurement indicating twice the up-
- limit of normal of an appropriate
hemical marker (usually creatine
e-MB protein concentration) as
biochemical criterion. Electrocar-
rams are evaluated for presence or
levelopment of Q waves, ST-segment
ges, T-wave inversions, or left
le-branch block.
urce data verification was continu-
isly performed by comparison of the
try information to the hospital’s pa-
ent records in 50 randomly selected
ents in 10 hospitals every year by
an external monitor. In the first 1004
mputer forms from 21 hospitals com-
ng 92368 variables, there was 94%
reement overall between the regis-
¢d information and the source data
the patient records.
ne-year mortality data were ob-
ed by merging the RIKS-HIA data-
e with the National Cause of Death
ister, which includes the vital sta-
lws of all Swedish citizens in 1995-
1999,
* All patients for whom data were en-
lered into the RIKS-HIA were in-
“ormed of their participation in the reg-
(patients could request to be
Scluded from the registry) and the

I
Tn,

ing-term follow-up. The registry and
merging with registries were ap-
oved by the National Board of Health
d Welfare and the Swedish Data In-
* “Pection Board.
A]‘Comparisons between different pa-
‘-m Strata and different categories of
" OSpitals were analyzed by x? tests for
t‘eg‘OIit:’:xlvalria\bles and by the t test for
flinuous variables. Bivariate analy-
and multiple covariate Cox regres-
Nanalyses' were used to identify any
. Hable with 4 significant influence on
Ottality. To avoid the influence of early

Page S of 10

EARLY STATIN TREATMENT AND SURVIVAL IN AMI

Table 1. Baseline Characteristics*

Treatment at Discharge

[ 1
No Statins

1 Statins
Characteristics (n=14071) (n = 5528) P Valuet
Demographics
Age =50 y (n = 5347) 59 1M <.001
Age 60-69 y (n = 5698) 68 32 <.001
Age 70-79y (n = 8554) 82 18 <.001
Mean age, ¥ 66.9 61.9 <.001
Male 70 72 .06
Risk factors
Smoking 26 31 <.001
Hypertension 31 32 .08
Diabetes meliitus 19 17 .008
Previous myocardial infarction 21 24 <.001
Previous PCI/CABG 6 11 <.001
Treatment before entry
ACE inhibitors 13 14 i
Aspirin 29 33 <.001
Oral anticoagulants 4 4 25
B-blockers 29 33 <.001
Calcium channel antagonists 16 17 N2
Digitalis 6 3 <.001
Diuretics 22 17 <.001
Long-acting nitrates 17 17 .92
Statins 1 23 <.001
index events
Circulatory arrest at entry 1.0 0.4 <.001
ST-segment elevation/LBBB on admission ECG 51 48 .001

*Data are presented as percentages unless otherwise noted. PCl indicates percutaneous coronary intervention; CABG,
coronary artery bypass graft surgery; ACE, angiotensin-converting enzyme; LBBB, left bundle-branch block; and

ECG, electrocardiogram.

1P values were calculated using the Pearson x? test except for mean age, for which P values were calculated using the

t test.

mortality before the opportunity of ex-
posure to the studied treatment, the pri-
mary analysis was performed only in pa-
tients who were alive at discharge. To
identify any possible hazard associated
with the studied treatment, the analy-
sis was also performed in all admitted
patients. The analyses werte also per-
formed for 30-, 60-, and 90-day survi-
vors to allow for even longer periods of
early mortality in patients who could
have been perceived to have a too-
short life expectancy to benefit from
statin treatment. In all analyses, statin
treatment was defined as statins pre-
scribed at the time of discharge from the
hospital, and no statin treatment was de-
fined as no statins prescribed at dis-
charge.

Propensity analysis*® was performed
regarding the probability of statin use.
For each patient, a propensity score in-

dicating the likelihood of having stat-
ins prescribed at discharge was calcu-
lated by forward logistic regression
analysis and included 42 covariates: age,
sex, smoking status, previous MI, pre-
vious percutaneous coronary interven-
tion or coronary artery bypass graft sur-
gery, history of diabetes mellitus, history
of hypertension, circulatory arrest at ar-
rival, medications before study entry (in-
cluding angiotensin-converting en-
zyme inhibitors, anticoagulants, aspirin,
B-blockers, calcium channel inhibi-
tors, digitalis, diuretics, long-acting ni-
trates, and statins), acute reperfusion
treatment, intravenous B-blockers, in-
travenous or subcutaneous anticoagu-
lants, intravenous nitroglycerin, atrial
fibrillation, congestive heart failure, re-
infarction, stress test administration,
echocardiography, coronary angiogra-
phy, medications at hospital discharge

JAMA, January 24/31, 2001—Vol 285, No. 4 431



EARLY STATIN TREATMENT AND SURVIVAL IN AMI

(including angiotensin-converting en-
zyme inhibitors, oral anticoagulants, as-
pirin, B-blockers, calcium channel in-
hibitors, digitalis, diuretics, and long-
acting nitrates), revascularization before
discharge, type of hospital (primary, sec-
ondary, or tertiary), hospital size (num-
ber of AMI admissions per year <100,
100-199, 200-399, or =400), teaching

hospital status, presence of catheteriza-
tion laboratory in the hospital, admis-
sion year, and each hospital’s statin pre-
scription rate (divided into <25%,25%-
35%, and >35%) among AMI patients
younger than 80 years old. Goodness of
fit of the propensity score was evalu-
ated by the c statistic and the Hosmer-
Lemeshow test. Cholesterol levels were

_--—_—————————sseeoey
Table 2. Proportion of Treatments, Complications, and Procedures in the Hospital and

at Discharge*
Treatment at Discharge
il |
No Statins Statins
Variables (n =14071) (n = 5528) P Valuet
Treatment
Acute reperfusion 38 41 .001
IV/SC anticoagulants 41 50 <.001
IV B-blockers 32 34 .001
IV nitroglycerin 43 46 <.001
Complications
Atrial fibrillation 15 8 <.001
Congestive heart failuret 40 29 <.001
Reinfarction 34 3.6 57
Procedures

Stress test 40 55 <.,001
Echocardiography 51 62 <.001
Coronary angiography 13 19 <.001
Revascularization before discharge 10 12 <.001
Discharge medication

Oral anticoagulants 15 13 .001

Aspirin 83 90 <.001

B-Blockers 78 88 <.001

Calcium channel antagonists 14 1% .02

Long-acting nitrates 37 38 .62

ACE inhibitors 38 37 33

Diuretics 38 28 <.001

Digitalis 10 5 <.001

“Data are presented as percentages. IV indicates intravenous; SC, subcutanesus; and ACE, anglotensin-canverting

enzyme.
1P value of significanca caloulated by Pearson x°.

}Congestive heart fallura was defined as presence of pulmonary rales, administration of [V diuretics, administration of
continuous positive alrway pressure, or systolic blood pressure <80 mm Hg for at least 1 hour,

Table 3. Propensity Scores Regarding Statin Treatment in Quintiles*

No Statin Treatment
at Discharge

Statin Treatment
at Discharge

! No. of Mean (S;)-\ No. of Mean (SD)
Quintile Patients Score Patients Score
1 3749 0.053 (0.021) 171 0.061 (0.020)
2 3453 0.124 (0.021) 467 0.128 (0.020)
3 3082 0.210 (0.030) 838 0.215 (0.030)
4 2509 0.340 (0.048) 1411 0.349 (0.049)
5 1278 0.582 (0.136) 2641 0.724 (0.186)

*Propensity scores indicating the likelihood of prescribing statins at discharge were calculated by forward logistic re-
gression analysis including 42 covariates (see “Methods” section of text for detalls),

432 JAMA, January 24/31, 2001—Vol 285, No, 4
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notamong the compulsory variapjeg .
noted in the RIKS-HIA registry ¥
therefore could not be includeq
All these variables together With
dividual propensity scores were fopya
into the multiple covariate Cox regrpe
sion analyses evaluating the assqiy
tion of statins at discharge with l.y b:
mortality. The same model was Al

chotomized risk factors. All stati
analyses were performed using Spsg
Version 10.0 software (SPSS Inc, Chi
cago, Il1).

RESULTS

Nineteen hospitals participated in the
registry in 1995, 32 hospitals parti

pated in 1996, 46 hospitals in 1997, a
58 hospitalsin 1998. Data for this stu
were collected for 1995-1998 and in-
cluded 137262 admissions to 58 coro-
nary care units. Of these admissions,
30240 were patients with a first res
corded admission for AMI during the

registration period (considered the in-
dex event for follow-up) and had infor=
mation recorded about statin trea
ment at discharge. Patients who die

before hospital discharge (n=1303) were
excluded from the main analysis. Be&-
cause the rate of statin treatment at dis=!
charge among patients aged 80 years OF
older (n=5983) was only 4% (n=210)
and because of the increased risk of con=
comitant disease among these clderly pa=
tients, we excluded patients aged 80
years or older from the analyses. AR 3‘1;'
ditional 3355 patients were excluded P&
cause of incomplete data. The remaii=
ing 19599 hospital discharge survivor>
of a first registered AMI who WIS
younger than 80 years and had com=
plete data constituted the patient pop-
lation for this study.

Baseline characteristics of patiei™=
with and without statin treatmentat d's:
charge are shown in Table 1. St
treated patients were younger and [
likely to have diabetes mellitus or be.takj
ing medications indicative of pfﬁ‘”"u;
or in-hospital heart failure. PatientS W=
received statins were more often SME™
ers and had more previous MIs, M%7
previous percutaneous coronary intef

fents



jons, and more coronary artery by-
> alt surgery, as well as more aspi-
g and B-blocker medication (indicative
! ore previous manifestations of coro-
o artery disease). Statin treatment was
\ o associated with a higherrate of acute
-~ erfusion, as well as intravenous or
" curancous anticoagulant treatment
The proportion of patients in each
b p'ual who received dilferent treat-
ents or who developed complica-
Jjons (eg, congestive heart failure) in
¢ hospital that were known to influ-
nce or were associated with mortal-
o varied substantially among the 58
rticipating hospitals (data not
<hown). For instance, the median
.'@1()(11—90111 percentile) rates were 38%
%-45%) for acute reperfusion, 29%
14%-50%) for intravenous B-blocker
use, 7% (2%-33%) for coronary angi-
' ography, and 2% (0.3%-29%) for re-
yascularization before discharge. For
| qalin treatment at discharge, the me-
dian rate among hospitals was 27%, and
 the proportion of treated patients was
12% for the lowest vs 48% for the high-
‘st decile.
'~ Inthe propensity score analysis, vari-
- sbles most strongly correlated with pre-
scription of statins at discharge were (in
escending strength of association)
atin treatment before study entry, later
mission year, younger age, higher
in prescription rate at the hospital,
locker treatment at discharge, pre-
harge administration of stress test,

EARLY STATIN TREATMENT AND SURVIVAL IN AMI

nonteaching hospital status, predis-
charge echocardiogram, absence of atrial
fibrillation, larger hospital, and perfor-
mance of coronary angiography. The
goodness of fit of the propensity score
was evaluated by the ¢ statistic (area un-
der the receiver operating characteris-
tic curve, 0.81), and the Hosmer-
Lemeshow test (x*=21.87; P=.005). The
propensity score itself was associated
with improved survival (P<.001) and,
hence, identified patients with lower
risk. When the means and SDs of the
propensity scores were compared within
quintiles between patients receiving and
not receiving statins at discharge, the
groups were comparable within the
lower 4 strata (TABLE 3).

Among the 14071 patients without
statin treatment, the unadjusted 1-year
mortality was 9.3% (n=1307) com-
pared with 4.0% (n=219) among the
5528 patients with statin treatment. In
Cox regression analysis, adjusting for the
43 covariates including the propensity
score for statin use, statin treatment at
discharge was associated with a reduc-
tion in 1-year mortality (3.7% vs 5.0%;
relative risk [RR], 0.75; 95% confi-
denceinterval [CI], 0.63-0.89; P=.001)
(FIGURE, TABLE 4). When the propen-
sity score variable was excluded from
analysis, the RR was 0.73 (95% CI, 0.62-
0.87; P<.001). Adjusting for the pro-
pensity score only, statin treatment was
associated with improved 1-year sur-
vival (RR of 1-year mortality, 0.78;95%
CI, 0.67-0.91; P=.001). Adjusting for

propensity score and all other covari-
ates for the 15680 patients in the lower
4 quintiles, the RR was 0.71 (95% ClI,
0.58-0.86; P<.001). In the individual
propensity score quintiles, the ad-
justed RR for 1-year mortality was be-
tween 0.66 and 0.83, although it did not
reach statistical significance in all sub-
groups.

Mean (SD) hospitalization time was
7.06 (5.25) days and the median was
6 days. The absence of any possible haz-
ards associated with early treatment
with statins was supported by the even
larger relative benefit observed when all
patients from the time of admission
were included (TABLE 5). The consis-
tency of the result, after exclusion of
patients possibly perceived to have a

_———
Figure. Adjusted Probability of Mortality by
Statin Treatment

54
No Statin
£ 4 (n=14071)
£
§ 31 Statin
= (n=5528)
2
5 27
8
3
c o
T T —
Q 100 200 300 400

Postadmission Days

Data were calculated using multiple Cox regression
analysis (relative risk, 0.75; 95% confidence interval,
0.63-0.89; P=.001).

=
| Table 4. One-Year Mortality by Propensity Score

Patients, No. (%)

Deaths (Unadjusted
Mortality), No. (%)

Cox Regression Analysis*

T ) I ol = i
No No Relative Risk
Statins Statins Statins Statins (96% CI) P Value
Al 5528 (28) 14071 (72) 219 (4.0) 1307 (9.3) 0.75 (0.63-0.89) .001
E ‘{PVODerwsity score excluded) 5528 (28) 14071 (72) 219 (4.0 1307 (8.3) 0.73 (0.62-0.87) <.001
4 ore only) 5528 (28) 14071 (72) 219 (4.0) 1307 (9.3) 0.78 (0.67-0.91) .001
_Opensity score quintile 1 171 (4) 3749 (98) 19 (11.1) 678 (18.1) 0.68 (0.43-1.08) 10
- —ensily score quintile 2 467 (12) 3453 (88) 34 (7.3) 329 (9.5) 0.80 (0.56-1.15) 23
pEnsity score quintile 3 838 (21) 3082 (79) 34 (4.1) 169 (5.5) 0.72 (0.50-1.05) .09
pensity score quintile 4 1411 (36) 2509 (64) 36 (2.6) 97 (3.9) 0.66 (0.45-0.98) .04
pensity score quintile 5 2641 (87) 1278 (33) 96 (3.6) (2.7) 0.83 (0.54-1.28) 41
- -P8Nsity score quintile 1-4 2887 (18) 12793 (82) 123 (4.3) 1273 (10.0) 0.71 (0.58-0.88) <.001

-. fn’"(;‘ox e

““ Kenca interval,

aressian analysis included 42 covariates (see “Methods” section of text for details) as well as the calculated propensity score except where noted otherwise. Cl indicates

Page 7 of 10
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EARLY STATIN TREATMENT AND SURVIVAL IN AMI

too-short life expectancy to indicate ini-
tiation of statin treatment, was sup-
ported by similar reductions in RR
when the analysis was restricted to sur-
vivors at 30, 60, and 90 days (Table 5).

The benefit associated with early ini-
tiation of statin treatment was also sup-
ported by the results of the Cox regres-
sion analyses in subgroups based on the
most important factors related to mor-
tality. The reduction in 1-year mortal-
ity was most pronounced in the group
aged 60 to 69 years (RR, 0.50; 95% CI,
0.36-0.69) and was similar but less
prominent in older and younger pa-
tients. Furthermore, statin treatment
was associated with lower 1-year mor-
tality regardless of sex, diabetes melli-
tus, prior MI, congestive heart failure,
ST-segment or non-ST-segment eleva-
tion MI, treatment with digitalis, di-
uretics, B-blockers, and subcutaneous
or intravenous anticoagulants, and
whether the patient was administered
a predischarge exercise test (data not
shown).

To ensure that inclusion of patients
with missing data would not alter the
results, missing values for any vari-
able were substituted with “no” and
“yes,” respectively, in 2 separate analy-
ses of all 22952 AMI patients younger
than 80 years old. Statin treatment at
discharge was associated with de-
creased 1-year mortality in both alter-
natives (RR, 0.76; 95% CI, 0.65-0.88;
P<.001 and RR, 0.79; 95% CI, 0.68-
0.91; P=.002, respectively).

Finally, RIKS-HIA does not indi-
cate what type of statin is prescribed.
Instead, data on all drugs supplied from
wholesalers to all Swedish pharmacies
were obtained from the National Cor-

Table 5. One-Year Mortality in All Patients and in Patients Surviving Until Discharge, Day 30, Day 60, and Day 90

poration of Swedish Pharmacies, which
holds a2 monopoly on pharmaceutical
drugs in Sweden. At the time of the
analysis, in 1995-1998, the sale of stat-
ins, measured in daily doses, in Swe-
den were: simvastatin, 74%; pravas-
tatin, 14%; atorvastatin, 7%: and
fluvastatin, 5% (Karolina Antonov,
PhD, written communication, Novem-
ber 11, 2000).

COMMENT

The patient cohort in this study in-
cluded unselected consecutive survi-
vors of a first recorded MI from a large
number of different hospital types. The
only exclusion criterion used was age
80 years and older, since the recorded
information focused on coronary ar-
tery disease and, therefore, data on other
important comorbidities influencing
survival in the elderly population might
not be available. There were no exclu-
sions due to presence or absence of spe-
cific risk factors, comorbidities, antici-
pated adverse effects, participation in
clinical trials, or contraindications to
certain medications. The representa-
tiveness of the cohort was also strength-
ened by the inclusion of all patients with
MI from the general population at cen-
ters with different levels of care, in-
cluding two thirds of the hospitals
within an entire country. Compared
with the National Registry of Myocar-
dial Infarction!* in the United States, the
Swedish registry does not focus on
thrombolytic therapy but includes all
types of MI patients and a wider selec-
tion of background characteristics and
treatments, which allows for adjust-
ment of a large number of confound-
ing factors.

Patients, No. Deaths, No. (%) Cox Regression Analy ;
I e — —0 :
No No Relative Risk
Period Statins Statins Statins Statins (95% CI)

Days 0-365 5544 14536 235 (4.2) 1773 (12.2) 0.65 (0.55-0.76) =~
Discharge-day 365 5528 14071 219 (4.0) 1307 (9.3) 0.75(0.63-0.89) :
Days 30-365 5467 13706 158 (2.9) 943 (6.9) 0.79 (0.85-0.97) '02
Days 60-365 5437 13530 128 (2.4) 767 (5.7) 0.77 (0.62-0.97) )
Days 90-365 5411 13388 102 (1.9) 625 (4.7) 0.77 (0.60-0.99) —

*The Cox regression analysis included 42 covariates (see "Methods” section of text for details) as well as the calculated propensity score, Cl indicates confidence interval
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The reason for the choice of pai
who were alive at hospital discharge, s
the evaluation of patients who suryj,
at30, 60, and 90 days after discharge
toavoid the bias of overloading the, "
treated group with patients who dieq
fo.re they had the opportunity (g
ceive statin treatment Or Were percejyed
tohave a too-shortlife expectancy o i
tiate treatment. Another consideratioy
whether early statin treatment migh
associated with increased hospital i
tality, which would not be appar
among those who were alive at
charge. However, considering that thepg
sults concerning the reduced risk 2
ciated with early statin treatment.
were consistent when we evaluated 4l
admitted patients as well as 30-, 60~ ay
90-day survivors, we believe these
sible sources of bias are unlikely to:
validate the major result.

The large variations in certain th
pies among hospitals within 1 coun
try, despite similar treatment gu
lines, is similar to previous reportse
differences among hospitals in differ-
ent countries.'™! There is consensus
concerning some therapies, suchas
of reperfusion for patients with
segment elevation and use of aspiril
and B-blockade at discharge, that were
used in fairly similar proportions inall
hospitals in this study. However, X
garding therapies for which the
dence is weaker and guidelines les
clear, such as starting statin treatmen
in the hospital, there were consider
ably larger variations than can be &
plained by different patient pop¥
tions in different hospitals. These
differences provided an opportunity
evaluate association with outcome oL

+
=
sl -




b almost random variation of some
. yments among hospitals in combi-
ion with a multivariate adjustment
dilferences in other factors.
espite evaluation of the large varia-
in indications for statin treatment
ong hospitals and exclusion of early
¢hs, a selection bias remained, as cli-
cqans seemed to have avoided use of
atins in patients perceivgd to have a
hort life expectancy. This was illus-
ed by the differences in baseline
acteristics, in which statin-
ted patients were younger and were
< likely to have diabetes and signs of
»medications for congestive heart fail-
-+ but more likely to have prior MI,
ascularization, and treatment for an-
Therefore, the difference in mor-
ty by early statin treatment needed
be documented by a combination
multiple covariate propensity and Cox
egression analysis forcing all avail-
able possibly confounding factors into
the models to compensate for thesc
baseline differences.
~ The propensity analyses were in-
cluded to minimize confounding by
physician preferences for statin treat-
ment in lower-risk patients. The com-
parisen of patient groups stratified by
orwith similar propensity scores should
provide matched cohorts concerning re-
corded covariates. Because statin treat-
ent remained associated with lower
IR of 1-year mortality within strata with
¢qual probability of statin prescrip-
tion, the hypothesis that early statin
leatment is associated with improved
survival after AMI is supported. The
Propensity score was also included in
dl multiple covariate Cox regression
survival analyses to reduce confound-
g by factors associated with statin
Atatment as well as with improved sur-
?al. Using this approach, the main re-
Hitswere similar in all subgroup analy-
S but 1, further suggesting that the
“proved survival is related to statin

EFeatment_ rather than patient selec-
ion.

3 This study has several limitations.
L although these results come from
" '8¢ cohort and adjustment was per-
- Med for a large number of confound-
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ing covariates, a registry study cannot
adjust for all confounders and, hence,
cannot replace a randomized con-
trolled trial. Thus, the effects of in-
hospital initiation of statin treatment vs
initiation several months later need to
be demonstrated in the ongoing ran-
domized trials of early vs later start of
statin treatment in patients with AML

Second, the indication for start of
statin treatment was highly variable
among and within hospitals, and lipid
measurements were not part of the com-
pulsory data set. However, the recom-
mended indication for statin treatment
during the study was elevated choles-
terol level (>5.2 mmol/L [200 mg/dL])
or low-density lipoprotein cholesterol
level (>3.0 mmol/L [115 mg/dL]).17
Accordingly, we believe the study illus-
trates the potential benefits of carly statin
use in patients with an appropriate indi-
cation for long-term secondary preven-
tion with statin treatment rather than use
of statins in any patient with AMI regard-
less of lipid levels.

Third, we were unable to determine
whether patients who were prescribed
statins at hospital discharge contin-
ued their medication during the fol-
lowing year, or whether patients who
did notreceive statins at discharge were
given them during the subsequent
months. If, as demonstrated in random-
ized trials, statin treatment reduces
mortality, both of these consider-
ations (discontinuation of statins among
treated patients and institution of stat-
ins among those not treated at hospi-
tal discharge) would most likely re-
duce the estimated benefit of statin
treatment that we observed.

Fourth, we evaluated all-cause mor-
tality rather than cardiovascular mor-
tality because cause-of-death data were
only available for 1995-1997, not for
1998-1999. However, when the analy-
sis was performed including only pa-
tients with available data on cause of
death, the statin and no-statin groups
had similar rates of mortality due to car-
diac death (77% and 73%, respectively).

These results are the first to our
knowledge to indicate that initiation of
statin treatment at or before hospital dis-

charge in survivors of AMI is associ-
ated with reduced mortality during the
subsequent year. The relative reduc-
tion in mortality is in accordance with
previous experiences in randomized tri-
als,' with an apparent carly reduction
of the event rates in the statin treat-
ment group. Some studies have sug-
gested that the effects of statins, such as
improved endothelial function,” plaque
regression, and less major cardiovascu-
lar events, occur within 6 months.” Statin
treatment might also be associated with
areduction in inflammatory activity, as
indicated by a decrease in C-reactive pro-
tein level,*"*° which might contribute to
alower risk of subsequent events. !+ Al-
though it is possible that our findings are
related to an early plaque-stabilizing el-
fect of statin treatment that is most cf-
fective in patients with a recent acute
event, the timing of this benefit needs
to be verified in randomized trials that
focus on a comparison between early and
later initiation of statin trcatment (cg, the
Myocardial Ischemia Reduction with Ag-
gressive Cholesterol Lowering study'®).

However, considering that the poten-
tial benefits seem substantial and ad-
verse effects few, our findings suggest
that initiation of statin treatment be-
fore or at the time of hospital discharge
should be recommended for AMI sur-
vivors with total cholesterol or low-
density lipoprotein cholesterol levels
above the current guideline levels for
statin treatment as secondary preven-
Home s
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trap

A single word even may be a spark of inextinguish-
able thought.
—Percy Bysshe Shelley (1792-1822)
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