
EPIB-634: Survival (or Cumulative Incidence*) functions. version 2010.03.09

Theoretical: S(t), & complement Cum. Inc./Risk : CI(t) = Risk(t) = 1− S(t) N O T E S [see also: Armitage & Berry, and Collett Ch 2]

(1) Empirical: {ÎD1, ÎD2, . . . , ÎDK} in K sub-intervals spanning time interval [0, t]. Also called “rates”/“intensities”. Statisticians call them {λ̂1, λ̂2, . . . , λ̂K}.
The (not necessarily equal) widths of the K sub-intervals are ∆T1, . . . ,∆TK . [Stata has a helpful function stptime that does such calculations.]

This general formula links the S(t) with the ID(t) or λ(t) function.

Target: Approximation to smooth function S(t) = exp
{
−
∫ t
0
ID(u)du } Integral = expected no. (µ) of events in (0, t) if always 1 person at risk.

(Poisson) Pr[0 events in (0, t)] = exp[−µ] = Pr[(initial) person ‘survives’ to t].

Point Est.: Ŝ(t) = exp
{
−
∑
k ÎDk ×∆Tk

}
= exp

{
− integral

}
; ĈI(t) = 1− Ŝ(t) For simplicity, subscript omitted for now on.

Variance of the integral : V =
∑
V ar[ÎDk]× (∆Tk)2

IE for S(t) exp
{
− [integral ± zα/2 × V 1/2]

}
; IE for CI(t) = 1 - IE for S(t) IE: interval-estimate; used to avoid using ‘CI’ with 2 different meanings

======= =========================================
(2) Empirical: J narrow event-containing intervals spanning portion of [0, t]. Interval j defined by distinct event-time tj . Intervals in [0, t] that don’t contain

nj at risk just before the event(s) [death(s)] in interval j. events can be ignored. ‘Riskset’ = the ‘candidates’. The letter d is used

sj survive event-containing interval j. Remaining dj do not. because ‘transition’ in many studies is death; desirable transitions OK too!

(2a): conditional probabilities: Ŝ1 = s1
n1
, Ŝ2 = s2

n2
, . . . , ŜJ = sJ

nJ

Ŝj ∼ Binomial(nj , Sj) Binomial model is only used in variance calculations

Point Est.: ŜKM (t) = Ŝ1 × Ŝ2 · · · × ŜJ Kaplan-Meier Product Limit Estimator Fraction of a fraction... Intervals with d =0 would contribute multipliers of 1.

Variance log ŜKM (t) =
∑

log Ŝk → V ar[log ŜKM (t)] =
∑ dj

sj×nj
= V (say) Var[log of a product of ̂SKM (t)’s ] = sum of variances of individual logs.

IE for S(t) • exp
{

log ŜKM (t)± zα/2 × V 1/2 = log ŜKM (t)± zα/2 × SE of log
}
. ie in logS scale → IE in S scale. SE of logS: “Greenwood’s formula”

•ŜKM (t)± zα/2 × ŜKM (t)× V 1/2 This version avoids logs, but can more easily yield limits beyond the (0,1) scale

• others, based on other transformations; t() = c-log-log recommended The only transform guaranteed to say in the (0,1) scale is the logit transform.

(2b): “counting process”; d̂j ∼ Poisson() – only for variance calculations below
This uses the same formula that links the S(t) and ID(t) or λ(t) functions.

Point Est.: ŜNA(t) = exp
{
− integral

}
= exp

{
−
∑ dj

nj

}
Nelson-Aalen Estimator Think of a fitted ID function ID(t) with ÎD(t) = 0 everywhere on (0, t)

except within the small event-containing intervals of width δt,

where ÎD(t) = dj/(nj × δt). Thus, integral =
P

j{ÎD(t)× δt} =
P

j dj/nj .

Variance V ar[integral] =
∑ dj

n2
j

= V (say)

CI for S(t) exp
{
− [integral ± zα/2 × V 1/2]

}
(symmetric) ie in logS scale → (asymmetric) IE in S scale.

Interval estimate for cum. incidence: CI(t) = 1 - interval estimate for S(t)

* CI curves easier to read; make more use of white space, than (decreasing from 1) “survival” curves. cf Pocock. Survival plots in clinical trials: good practice & pitfalls. Lancet. 2002.
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Comparison of 2 Survival or Cumulative Incidence curves: index(1) vs. ref. (0) categories N O T E S

======= ==============================================

In words Survival or Risk (i.e., Cum. Inc., CI) Difference at a specific timepoint t

In symbols S1(t)− S0(t); CI(t)1 − CI(t)0; or Risk1[0→t] −Risk0[0→t]; NNT = 1÷Risk∆ Interval est. for NNT = 1÷ Interval est. for Risk∆

Empirical: Ŝ1(t)− Ŝ0(t), along with SE1 and SE0 (Greenwood SE’s) SE = V ar1/2.

Test Statistic: ratio = {Ŝ1(t)− Ŝ0(t)}/{SE2
1 + SE2

0}1/2 ∼ N(0, 1) under H0 → Z-statistic

Conf. Int: Ŝ1(t)− Ŝ0(t) ∓ zα × {SE2
1 + SE2

0}1/2 Interval est. for RiskRatio → eInt. est. for log[RiskRatio]

======= ==============================================

Test of equality (H0) of 2 entire Survival or Cumulative Incidence curves

Empirical: J narrow event-containing intervals in [0, tmax].

nj at risk just before event(s) in interval j (nj persons comprise ‘riskset’ j)
sj avoid event in (‘survive’) interval j (stay in initial state). Remaining dj don’t.

2× 2 table for jth riskset, along with E[d1j |H0] and V ar[d1j |H0]

d1j s1j | n1j E[d1j |H0] = (n1j/nj)× dj
d2j s2j | n2j V ar[d1j |H0] = n1jn2jdjsj/{n2

j (nj − 1)}
− −−−−− Cf. worked e.g., Statistics at Square One - c634.

dj sj | nj

Test Statistic: X2 =
{

P
j d1j−

P
j E[d1j |H0] }2P

j V ar[d1j |H0]
∼ χ2

1 Mantel Haenszel 1df Chi-Sq. Test Statistic

Article has summary OR estimator and test statistic

Terminology: This is called the “Log-rank” test

Has same structure as Mantel & Haenszel’s test: H0 : OR1 = · · · = ORJ = 1. Worked e.g. in M-H 1959 classic - c634-stratified.

In M and H’s application, each 2× 2 table refers to distinct persons.

Here, each table is for a ‘riskset’; each riskset is a subset of the one before.

Note: For valid use of χ2
1, good if

∑
j E[d1j |H0] > 5; do not need each E[d1j ] > 5.
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EPIB 634 Survival Analysis & Related Topics Survival Analysis / Follow-up Studies

Example:  Kaplan-Meier survival curves, log-rank test, and illustration of Risksets
from Statistics at Square One:  Survival analysis  [ http://bmj.bmjjournals.com/collections/statsbk/12.shtml ]

"Mclllmurray and Turkie (2) describe a clinical trial of 69 patients for the treatment of Dukes' C colorectal cancer. The data for the two treatments,
linoleic acid ( tx = 1, n = 25 )  or control ( tx = 0, n = 24 ) are given in Table 12.1 (3) .. "

    Follow-up Month  1   2   3   6   8  10  12  20  24  30  32  42  44  Sum

[a] tx 1:   deaths:  0   0   0   2   0   2   4   0   1   0   1   0   0   10
[b] tx 1: survived: 25  24  24  21  21  18  13   9   7   5   4   1   1
                    --  --  --  --  --  --  --  --  --  --  --  --  --
    tx 1:  At Risk: 25  24  24  23  21  20  17   9   8   5   5   1   1

[c] tx 0:   deaths:  0   0   0   4   2   0   2   1   1   1   0   1   0   12
[d] tx 0: survived: 24  24  24  19  17  17  15   9   7   3   2   0   0
                    --  --  --  --  --  --  --  --  --  --  --  --  --
    tx 0:  At Risk: 24  24  24  23  19  17  17  10   8   4   2   1   0

                    ==  ==  ==  ==  ==  ==  ==  ==  ==  ==  ==  ==  ==
  tx 0&1:   deaths:  0   0   0   6   2   2   6   1   2   1   1   1   0

  tx 0&1:  At Risk: 49  48  48  46  40  37  34  19  16   9   7   2   1

        Riskset # :  .   .   .   1   2   3   4   5   6   7   8   9   .

E[a] ...  under H0:  .   .   .   3.0 1.1 1.1 3.0 0.5 1.0 0.6 0.7 0.5 .  11.4

V[a] ...  under H0:  .   .   .   1.3 0.5 0.5 1.3 0.2 0.5 0.2 0.2 0.3 .   5.0

1.   Order all the survival times from smallest to
largest; identify the distinct death-times;
concentrate on those at risk just before each
distinct death-time - this is the "Risk-Set' (i.e.
the 'candidates") for the failure time.
Subjects remain. in successive Risk Sets until
removed by censoring, or event of interest

2.   Kaplan-Meier curve for each separate group: Multiply the successive fractions that make it
out of (past) each risk set to yield successively lower "estimated fractions still alive". [ Skip risk
set if no event in that group ]   eg tx 1:  S[6] = (21/23);  S[10 ] = S[6] × (18/20),  etc.
Nelson-Aalen curve: "Integrated hazard" estimated as Σ(deaths/At Risk) summed to t of
interest.: S[t] = exp[- Integrated hazard]: S[6] = exp(-2/23);  S[10 ] = exp[-{2/23 +2/20}], etc.

3.   Log-Rank Test: Form 2 x 2 table for the outcome in each risk set, and carry out Mantel-
Haenszel test, summing the excesses or deficits ( the values of {a – E[ a | H0] } ) in the target
(usually "a") cell over the tables. Compare the overall deficit/excess with its sampling variation

     2 versions of log-rank test: (i) M-H 'focus only on "a"-cell' version,, with appropriate variance
 (ii) traditional chi-square version  (O1 – E1)2/E1 + (O2 – E2)2/E2 (avoid calculating variance)

page  5
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Second-generation everolimus-eluting and 
paclitaxel-eluting stents in real-life practice (COMPARE): 
a randomised trial
Elvin Kedhi, Kaiyum Sheik Joesoef, Eugene McFadden, Jochem Wassing, Carlos van Mieghem, Dick Goedhart, Pieter Cornelis Smits

Summary
Background Everolimus-eluting and paclitaxel-eluting stents, compared with bare metal stents, reduced the risk of 
restenosis in clinical trials with strict inclusion and exclusion criteria. We compared the safety and effi  cacy of the 
second-generation everolimus-eluting and paclitaxel-eluting stents in real-life practice.

Methods We randomly assigned 1800 consecutive patients (aged 18–85 years) undergoing percutaneous coronary 
intervention at one centre to treatment with everolimus-eluting or paclitaxel-eluting stents. The primary endpoint 
was a composite of safety and effi  cacy (all-cause mortality, myocardial infarction, and target vessel revascularisation) 
within 12 months. Patients were not told which stent they had been allocated. Analysis was by intention to treat. The 
trial is registered with ClinicalTrials.gov, number NCT01016041.

Findings Follow-up was completed in 1797 patients. The primary endpoint occurred in 56 (6%) of 897 patients in the 
everolimus-eluting stent group versus 82 (9%) of 903 in the paclitaxel-eluting stent group (relative risk 0·69 [95% CI 
0·50–0·95], p value for superiority=0·02). The diff erence was attributable to a lower rate of stent thrombosis (6 [<1%] 
vs 23 [3%], 0·26 [0·11–0–64], p=0·002), myocardial infarction (25 [3%] vs 48 [5%], 0·52 [0·33–0·84], p=0·007), and 
target vessel revascularisation (21 [ 2%] vs 54 [6%], 0·39 [0·24–0·64], p=0·0001). Cardiac death, non-fatal myocardial 
infarction, or target lesion revascularisation occurred in 44 [5%] patients in the everolimus-eluting stent group versus 
74 [8%] patients in the paclitaxel-eluting stent group, p value for superiority was 0·005.

Interpretation The everolimus-eluting stent is better than the second generation paclitaxel-eluting stent in unselected 
patients in terms of safety and effi  cacy. On the basis of our results, we suggest that paclitaxel-eluting stents should no 
longer be used in everyday clinical practice. 

Funding Unrestricted grants from Abbott Vascular and Boston Scientifi c.

Introduction
On the basis of results from randomised trials with 
strict inclusion and exclusion criteria, fi rst-generation 
drug-eluting stents, coated with sirolimus or paclitaxel, 
were approved for clinical use in patients with coronary 
artery disease.1–3 Early experience with use of fi rst-
generation stents in patients in real-life practice showed 
that benefi t, in terms of the need for reintervention, 
was most apparent in those with high risk of restenosis.4 
Widespread use of fi rst-generation drug-eluting stents 
has drawn attention to several unresolved issues 
that are clinically relevant. First, although the risk is 
small, stent thrombosis is unpredictable, continues 
to increase with time, and has serious clinical 
consequences.5,6 Second, the deliverability of fi rst-
generation drug-eluting stents could be improved. 
Third, although these stents are more eff ective than are 
bare metal stents in patients at high risk of restenosis, 
the need for reintervention is still a problem in patients 
with severe coronary disease, as shown in a randomised 
study in which individuals with complex coronary 
disease were given percutaneous treatment with the 
fi rst-generation paclitaxel-eluting stent or coronary 
artery bypass surgery.7

Compared with the currently available fi rst-generation 
drug-eluting stents, second-generation drug-eluting 
stents have been designed with the goal of improving 
safety, effi  cacy, and device performance. Everolimus, a 
semisynthetic sirolimus analogue, is released from a thin 
coating of a biocompatible fl uoropolymer on an open 
cell, thin-strut, cobalt-chromium frame. A signifi cant 
reduction in serious adverse cardiac events was noted in 
patients with the everolimus-eluting stent compared with 
those who had the fi rst-generation paclitaxel-eluting 
stent.8 This fi rst-generation stent has been superseded in 
Europe by the new-generation paclitaxel-eluting stent 
since September, 2005. Whether such diff erences persist 
with a new-generation paclitaxel-eluting stent that 
consists of the same polymer but has a diff erent stent 
platform is not known.

We therefore compared the safety and effi  cacy of 
the second-generation everolimus-eluting and pacli taxel-
eluting stents in unselected patients in real-life practice.

Methods
Study design and patients
Consecutive patients (aged 18–85 years) referred to the 
Maasstad Ziekenhuis for elective or emergent 
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percutaneous coronary intervention, were eligible to 
participate in the study. There were no limitations about 
the number of lesions or vessels, location of lesions, or 
their length. Exclusion criteria were contraindica-
tions or expected non-adherence to dual antiplatelet 
drugs in the 12 months after the procedure; planned 
major surgery within 30 days; inability or refusal to 
comply with follow-up procedures; participation in 

other coronary-device trials; and inability to provide 
informed consent.

All patients provided written informed consent. The 
study complied with the Declaration of Helsinki for 
investigation in human beings, and was approved by the 
insti tutional ethics committee of the Maasstad Zieken-
huis, Rotterdam, the Netherlands, and the Dutch Central 
Committee on Research Involving Human Subjects.

Randomisation and masking
The allocation schedule was based on computer-generated 
random numbers. The statistician involved in the design 
of the study generated the randomisation list. Patients 
were assigned in a one-to-one ratio to a polymer-
based, everolimus-eluting stent (Xience V, Abbott 
Vascular, Santa Clara, CA, USA) or a polymer-based, 
paclitaxel-eluting stent (Taxus Liberté, Boston Scientifi c, 
Natick, MA, USA), using sealed, opaque, sequentially 
numbered allocation envelopes after passage of the 
guide wire. The patients knew they had been randomly 
assigned in a trial of drug-eluting stents, but did not 
know which stent they had been allocated.

Procedures
Staged procedures were permitted and the same stent 
type, allocated at initial randomisation, was used. 
Everolimus-eluting stents were available in diameters of 
2·25 mm, 2·50 mm, 3·00 mm, 3·50 mm, and 4·00 mm, 
and in lengths of 8 mm, 12 mm, 15 mm, 18 mm, 23 mm, 
and 28 mm. Paclitaxel-eluting stents were available in 
diameters of 2·25 mm, 2·50 mm, 3·00 mm, 3·50 mm, 
and 4·00 mm, and in lengths of 8 mm, 12 mm, 16 mm, 
20 mm, 24 mm, 28 mm, and 32 mm.

Percutaneous coronary intervention was done according 
to standard techniques. Crossover to another stent was 
allowed in the event of an inability to insert the assigned 
device. Technical details, such as the decision to stent 
without balloon predilatation, use of adjunctive tech-
niques such as rotational atherectomy, and decision to 
postdilate the stent, were at the discretion of the operator. 
Off -line quantitative coronary angiography analysis for 
the baseline data was done with an automated 
edge-detection system (CAAS, version 1.1, Pie Medical 
Imaging, Maastricht, Netherlands). The analyses were 
done by experienced technicians. 

All patients not on dual antiplatelet drugs were given 
aspirin (300 mg) and clopidogrel (300 mg or 600 mg) 
before the procedure. The high dose of clopidogrel was 
given to patients undergoing primary percutaneous 
intervention for ST-segment elevation myocardial 
infarction. An initial bolus of unfractionated heparin 
(70–100 IU/kg) was given to all patients, and additional 
boluses were given to achieve and maintain an activated 
clotting time of more than 250 s, which was checked 
every 30 min. The use of bivaluridin or low-
molecular-weight heparin was not allowed. The use of 
glycoprotein IIb/IIIa antagonists was at the discretion of 

1800 patients enrolled and randomly assigned*

897 allocated to everolimus-eluting 
Xience V stent (1286 lesions)

2 lost to follow-up (emigrated)
18 died

897 analysed according to intention to treat

903 allocated to paclitaxel-eluting
Taxus Liberté stent (1294 lesions)

1 lost to follow-up (emigrated)
15 died

900 given at least one allocated stent
3 not given allocated stent (4 lesions)
    1 patient given bare metal stent
    1 patient given Xience V stent
    1 patent given balloon angioplasty 

895 given at least one allocated stent
2 not given allocated stent (2 lesions)
    1 patient given bare metal stents
    1 patient given balloon angioplasty
 

903 analysed according to intention to treat

Figure 1: Trial profi le
*We have no reliable data for patients assessed for eligibility.

Everolimus-eluting stent 
(n=897)

Paclitaxel-eluting stent 
(n=903)

Age (years; median, IQR) 62·9 (55·4–71·1) 63·6 (55·7–72·9)

Men 619 (69%) 654 (72%)

Diabetes mellitus* 153 (17%) 172 (19%)

Chronic renal failure† 25 (3%) 24 (3%)

Hypertension 417 (46%) 447 (50%)

Hypercholesterolaemia 477 (53%) 451 (50%)

Current smoker 295 (33%) 262 (29%)

Family history of coronary artery disease 399 (44%) 403 (45%)

History of myocardial infarction 136 (15%) 159 (18%)

History of percutaneous coronary intervention 117 (13%) 123 (14%)

History of coronary artery bypass grafting 60 (7%) 53 (6%)

Stable angina pectoris 331 (37%) 349 (39%)

Silent ischaemia 23 (3%) 17 (2%)

Acute coronary syndrome 541 (60%) 534 (59%)

Unstable angina 107 (12%) 105 (12%)

Non-ST-segment elevation myocardial infarction 194 (22%) 217 (24%)

ST-segment elevation myocardial infarction 240 (27%) 212 (23%)

Glycoprotein IIb/IIIa antagonists 288 (32%) 290 (32%)

Multivessel treatment 244 (27%) 239 (26%)

Number of lesions treated per patient (SD) 1·4 (0·7) 1·4 (0·7)

Reference vessel diameter <2·75 mm 458 (51%) 441 (49%)

Lesion length >20 mm 290 (32%) 263 (29%)

Data are number (%), unless otherwise indicated. Percentages have been rounded. *Defi ned as treatment with diet or 
drugs for previously diagnosed diabetes. †Defi ned as serum creatinine greater than 130 μmol/L or patient on dialysis.

Table 1: Baseline characteristics
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Statistical analysis
On the basis of results from the T-SEARCH registry,4 
and SIRTAX11 and SPIRIT II trials,12 we assumed an 
incidence of the primary endpoint of 9% in the evero-
limus-eluting stent group and 14% in the paclitaxel-
eluting stent group. Enrolment of 1800 patients would 
provide the study with a statistical power of 85% to 
detect this diff erence with a two-sided signifi cance level 
of 0·05, allowing for 3–4% of patients lost to follow-up. 
All analyses were done according to the intention-to-
treat principle. Patients were censored from the 
Kaplan-Meier plots when they reached any component 
of the composite endpoint. Categorical variables were 
assessed with use of χ² or Fisher’s exact tests, whereas 
continuous variables were assessed with the Wilcoxon 
rank-sum test. 

The time to the primary endpoint was assessed 
according to the method of Kaplan-Meier, and the 
log-rank test was applied to compare the incidence of 
the endpoint between groups. Relative risks with 95% 
CIs, were calculated with the log-binomial method.13 
The Kaplan-Meier curves were drawn with the 
guidelines provided by Pocock and colleagues.14 All p 
values were two-sided, and a p value of less than 0·05 

was regarded as signifi cant. Analyses were done with 
SAS (version 8.02). 

The trial is registered with ClinicalTrials.gov, number 
NCT01016041.

Role of the funding source
The sponsors had no involvement in the design, conduct, 
or analysis of the study. The corresponding author had 
full access to all the data in the study, and had full 
responsibility for the decision to submit for publication.

Results
Figure 1 shows the trial profi le. 1800 patients were enrolled 
between February, 2007, and September, 2008. Five (<1%) 
were not given the designated stent. Staged procedures 
were done in 191 (21%) patients in the everolimus-eluting 
stent group and in 172 (19%) patients in the paclitaxel-eluting 
stent group (p=0·23). Three were lost to follow-up. The 
groups had similar baseline clinical (table 1), angiographic 
(table 2), and procedural characteristics (table 3). 

Most patients presented with an acute coronary 
syndrome (table 1); the subtype of acute coronary 
syndrome was equally distributed in the two groups; 74% 
of lesions were complex (type B2 or C; table 2). The 

Everolimus-eluting 
stent (n=897)

Paclitaxel-eluting 
stent (n=903)

Relative risk
(95% CI)

p value

Events at 30 days

All-cause mortality 7 (0·8%) 6 (0·7%) 1·17 (0·40–3·48) 0·77

Cardiac death 7 (0·8%) 6 (0·7%) 1·17 (0·40–3·48) 0·77

Myocardial infarction 15 (2%) 28 (3%) 0·53 (0·29–1·00) 0·05

Q wave 3 (0·3%) 8 (0·9%) 0·38 (0·10–1·42) 0·13

Non-Q wave 12 (1%) 21 (2%) 0·57 (0·28–1·16) 0·12

All-cause mortality or myocardial infarction 21 (2%) 33 (4%) 0·64 (0·37–1·10) 0·10

Cardiac death or myocardial infarction 21 (2%) 33 (4%) 0·64 (0·37–1·10) 0·10

Target vessel revascularisation (clinically justifi ed) 4 (0·4%) 18 (2%) 0·22 (0·08–0·66) 0·003

Percutaneous 1 (0·1%) 16 (2%) 0·06 (0·01–0·47) 0·0003

Surgical 3 (0·3%) 2 (0·2%) 1·51 (0·25–9·02) 0·65

Target vessel revascularisation (any) 5 (0·6%) 19 (2%) 0·26 (0·10–0·71) 0·004

Percutaneous 2 (0·2%) 17 (2%) 0·12 (0·03–0·51) 0·0006

Surgical 3 (0·3%) 2 (0·2%) 1·51 (0·25–9·02) 0·65

Target lesion revascularisation (clinically justifi ed) 3 (0·3%) 16 2%) 0·19 (0·06–0·65) 0·003

Percutaneous 0 14 (2%) ·· 0·0002

Surgical 3 (0·3%) 2 (0·2%) 1·51 (0·25–9·02) 0·65

Target lesion revascularisation (any) 4 (0·4%) 17 (2%) 0·24 (0·08–0·70) 0·005

Percutaneous 1 (0·1%) 15 (2%) 0·07 (0·01–0·51) 0·0005

Surgical 3 (0·3%) 2 (0·2%) 1·51 (0·25–9·02) 0·65

Primary endpoint 25 (3%) 35 (4%) 0·72 (0·43–1·19) 0·20

Secondary endpoint 23 (3%) 34 (4%) 0·68 (0·40–1·15) 0·15

Stent thrombosis (defi nite and probable) 2 (0·2%) 15 (2%) 0·13 (0·03–0·59) 0·002

Acute stent thrombosis (on date of procedure) 1 (0·1%) 1 (0·1%) 1·01 (0·06–16·07) 0·99

Subacute stent thrombosis (1–30 days after procedure) 1 (0·1%) 14 (2%) 0·07 (0·01–0·55) 0·0008

Early stent thrombosis (0–30 days after procedure) 2 (0·2%) 15 (2%) 0·13 (0·03–0·59) 0·002

Defi nite stent thrombosis 2 (0·2%) 12 (1%) 0·17 (0·04–0·75) 0·008

(Continues on next page)

Articles

206 www.thelancet.com   Vol 375   January 16, 2010

Compliance with aspirin and clopidogrel was 809 
(91%) in the everolimus-eluting stent group versus 
829 (92%) in the paclitaxel-eluting stent group at 
1 month; 805 (91%) and 815 (91%), respectively, at 
6 months; and 611 (70%) in the everolimus-eluting stent 
group and 625 (70%) in the paclitaxel-eluting stent group 
at 1 year.

Discussion
The use of second-generation everolimus-eluting stents, 
compared with paclitaxel-eluting stents, was associated 
with a signifi cant reduction in the risk of major adverse 
cardiac events at 1 year. This diff erence was a result of 
reduction in the rate of myocardial infarction, a safety 
component of the primary endpoint, and reduction in 
repeat revascularisation of the target vessel.

Rates of all-cause or cardiac mortality did not diff er 
between the two groups; however the rate of myo cardial 

infarction was signifi cantly reduced in the evero li mus-
 eluting stent group. This reduction was already apparent 
at 1 month. The signifi cantly lower rate of myocardial 
infarction at 30 days with the everolimus stent was 
attributable to a signifi cantly lower rate of early stent 
thrombosis because there was no signifi cant diff erence 
between the groups in the rate of periprocedural 
myocardial infarction.

Use of the paclitaxel-eluting stent was associated with 
a higher rate of early stent thrombosis in the unselected 
population we studied than that reported in previous 
randomised trials in selected patient populations.8,12 A 
large proportion of the unselected patients enrolled had 
high-risk clinical or angiographic characteristics. Since 
the proportion of patients with such high-risk 
characteristics did not diff er signifi cantly between 
groups, diff erences between the devices—stent design, 
polymer coating, or the drug used—are the most 
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Background

Increased levels of the inflammatory biomarker high-sensitivity C-reactive protein 
predict cardiovascular events. Since statins lower levels of high-sensitivity C-reactive 
protein as well as cholesterol, we hypothesized that people with elevated high-sensi-
tivity C-reactive protein levels but without hyperlipidemia might benefit from statin 
treatment.

Methods

We randomly assigned 17,802 apparently healthy men and women with low-density 
lipoprotein (LDL) cholesterol levels of less than 130 mg per deciliter (3.4 mmol per 
liter) and high-sensitivity C-reactive protein levels of 2.0 mg per liter or higher to 
rosuvastatin, 20 mg daily, or placebo and followed them for the occurrence of the 
combined primary end point of myocardial infarction, stroke, arterial revascular-
ization, hospitalization for unstable angina, or death from cardiovascular causes.

Results

The trial was stopped after a median follow-up of 1.9 years (maximum, 5.0). Rosu-
vastatin reduced LDL cholesterol levels by 50% and high-sensitivity C-reactive protein 
levels by 37%. The rates of the primary end point were 0.77 and 1.36 per 100 per-
son-years of follow-up in the rosuvastatin and placebo groups, respectively (hazard 
ratio for rosuvastatin, 0.56; 95% confidence interval [CI], 0.46 to 0.69; P<0.00001), with 
corresponding rates of 0.17 and 0.37 for myocardial infarction (hazard ratio, 0.46; 95% 
CI, 0.30 to 0.70; P = 0.0002), 0.18 and 0.34 for stroke (hazard ratio, 0.52; 95% CI, 0.34 to 
0.79; P = 0.002), 0.41 and 0.77 for revascularization or unstable angina (hazard ratio, 
0.53; 95% CI, 0.40 to 0.70; P<0.00001), 0.45 and 0.85 for the combined end point of 
myocardial infarction, stroke, or death from cardiovascular causes (hazard ratio, 0.53; 
95% CI, 0.40 to 0.69; P<0.00001), and 1.00 and 1.25 for death from any cause (hazard 
ratio, 0.80; 95% CI, 0.67 to 0.97; P = 0.02). Consistent effects were observed in all sub-
groups evaluated. The rosuvastatin group did not have a significant increase in myopa-
thy or cancer but did have a higher incidence of physician-reported diabetes.

Conclusions

In this trial of apparently healthy persons without hyperlipidemia but with elevated 
high-sensitivity C-reactive protein levels, rosuvastatin significantly reduced the in-
cidence of major cardiovascular events. (ClinicalTrials.gov number, NCT00239681.)

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
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duced the incidence of major cardiovascular events, 
despite the fact that nearly all study participants 
had lipid levels at baseline that were well below 
the threshold for treatment according to current 
prevention guidelines. Rosuvastatin also signifi-
cantly reduced the incidence of death from any 
cause. These effects were consistent in all sub-
groups evaluated, including subgroups custom-
arily considered to be at low risk, such as people 
with Framingham risk scores of 10% or less, those 

with LDL cholesterol levels of 100 mg per decili-
ter or less, those without the metabolic syndrome, 
and those with elevated levels of high-sensitivity 
C-reactive protein but no other major risk factor. 
The trial also showed robust reductions in cardio-
vascular events with statin therapy in women and 
black and Hispanic populations for which data on 
primary prevention are limited.

Previous statin trials (most of which used LDL 
cholesterol level criteria for enrollment) have gen-
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Figure 1. Cumulative Incidence of Cardiovascular Events According to Study Group.

Panel A shows the cumulative incidence of the primary end point (nonfatal myocardial infarction, nonfatal stroke, arterial revasculariza
tion, hospitalization for unstable angina, or confirmed death from cardiovascular causes). The hazard ratio for rosuvastatin, as com
pared with placebo, was 0.56 (95% confidence interval [CI], 0.46 to 0.69; P<0.00001). Panel B shows the cumulative incidence of nonfatal 
myocardial infarction, nonfatal stroke, or death from cardiovascular causes, for which the hazard ratio in the rosuvastatin group was 0.53 
(95% CI, 0.40 to 0.69; P<0.00001). Panel C shows the cumulative incidence of arterial revascularization or hospitalization for unstable 
angina, for which the hazard ratio in the rosuvastatin group was 0.53 (95% CI, 0.40 to 0.70; P<0.00001). Panel D shows the cumulative 
incidence of death from any cause, for which the hazard ratio in the rosuvastatin group was 0.80 (95% CI, 0.67 to 0.97; P = 0.02). In each 
panel, the inset shows the same data on an enlarged y axis and on a condensed x axis.
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A bs tr ac t

Background

Controversy persists regarding the extent of shared pathways between arterial and 
venous thrombosis and whether treatments of known efficacy for one disease pro-
cess have consistent benefits for the other. Observational studies have yielded vari-
able estimates of the effect of statin therapy on the risk of venous thromboembo-
lism, and evidence from randomized trials is lacking.

Methods

We randomly assigned 17,802 apparently healthy men and women with both low-den-
sity lipoprotein (LDL) cholesterol levels of less than 130 mg per deciliter (3.4 mmol 
per liter) and high-sensitivity C-reactive protein levels of 2.0 mg per liter or higher 
to receive rosuvastatin, 20 mg per day, or placebo. We followed participants for the 
first occurrence of pulmonary embolism or deep-vein thrombosis and performed 
analyses of the data on an intention-to-treat basis.

Results

During a median follow-up period of 1.9 years (maximum, 5.0), symptomatic venous 
thromboembolism occurred in 94 participants: 34 in the rosuvastatin group and 60 
in the placebo group. The rates of venous thromboembolism were 0.18 and 0.32 event 
per 100 person-years of follow-up in the rosuvastatin and placebo groups, respec-
tively (hazard ratio with rosuvastatin, 0.57; 95% confidence interval [CI], 0.37 to 0.86; 
P = 0.007); the corresponding rates for unprovoked venous thromboembolism (i.e., oc-
curring in the absence of a known malignant condition, trauma, hospitalization, or 
surgery) were 0.10 and 0.17 (hazard ratio, 0.61; 95% CI, 0.35 to 1.09; P = 0.09) and for 
provoked venous thromboembolism (i.e., occurring in patients with cancer or during 
or shortly after trauma, hospitalization, or surgery), 0.08 and 0.16 (hazard ratio, 0.52; 
95% CI, 0.28 to 0.96; P = 0.03). The rates of pulmonary embolism were 0.09 in the 
rosuvastatin group and 0.12 in the placebo group (hazard ratio, 0.77; 95% CI, 0.41 to 
1.45; P = 0.42), whereas the rates of deep-vein thrombosis only were 0.09 and 0.20, 
respectively (hazard ratio, 0.45; 95% CI, 0.25 to 0.79; P = 0.004). Consistent effects 
were observed in all the subgroups examined. No significant differences were seen 
between treatment groups in the rates of bleeding episodes.

Conclusions

In this trial of apparently healthy persons, rosuvastatin significantly reduced the 
occurrence of symptomatic venous thromboembolism. (ClinicalTrials.gov number, 
NCT00239681.)
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in the rosuvastatin and placebo groups, respectively 
(hazard ratio for the rosuvastatin group, 0.57; 95% 
confidence interval [CI], 0.37 to 0.86; P = 0.007) 
(Table 2). Although cumulative-incidence curves 
did not appear to diverge until about 1 year after 
the initiation of treatment (Fig. 1), a test for in-
teraction between treatment assignment and con-
tinuous follow-up time showed no significant vio-
lation of the proportional-hazards assumption 
(P = 0.14).

Among the 94 cases of symptomatic pulmonary 
embolism or deep-vein thrombosis, 44 occurred 
in patients with cancer or recent trauma, hospital-
ization, or surgery (i.e., provoked events), whereas 
a proximate cause was not identified in 50 cases 
(i.e., unprovoked events). The observed reductions 
in risk were similar whether the analyses were 
restricted to unprovoked events or to provoked 
events (hazard ratio for unprovoked events in the 
rosuvastatin group, 0.61; 95% CI, 0.35 to 1.09; 
P = 0.09; hazard ratio for provoked events, 0.52; 
95% CI, 0.28 to 0.96; P = 0.03) (Table 2 and Fig. 1). 
Half (17) of the cases in the rosuvastatin group 
involved pulmonary embolism, as compared with 
37% (22) of the cases in the placebo group, but 
these percentages did not differ significantly 
(P = 0.21).

When the follow-up time was extended through 
the final closeout visit, at which time participants 
were informed of their group assignments, an ad-
ditional 5 cases of venous thromboembolism were 
identified, bringing the total number of cases to 
35 in the rosuvastatin group and 64 in the placebo 
group (Table 2). Analyses of all cases as well as of 
components of the outcome produced estimates 
that were similar to those obtained in the primary 
efficacy analysis.

Three of the cases (one in the rosuvastatin 
group and two in the placebo group) did not have 
corroborating evidence in the form of a confirma-
tory diagnostic test, initiation of anticoagulation 
therapy, or death that was likely to have been due 
to pulmonary embolism. Analyses that excluded 
these three cases showed nearly identical results. 
Analyses that were restricted to participants who 
were not taking anticoagulants at baseline exclud-
ed two cases (one in the rosuvastatin group and 
one in the placebo group) and also yielded nearly 
the same results.

Subgroup Analyses

None of the baseline characteristics that were 
considered in subgroup analyses significantly mod-
ified the relationship of rosuvastatin to the risk of 

Table 2. Occurrence of Venous Thromboembolism According to Study Group.

End Point Rosuvastatin (N = 8901) Placebo (N = 8901)
Hazard Ratio 

(95% CI) P Value

no. of  
patients

no. of events/  
100 person-yr

no. of  
patients

no. of events/  
100 person-yr

Primary efficacy analysis*

Venous thromboembolism

Total 34 0.18 60 0.32 0.57 (0.37–0.86) 0.007

Unprovoked 19 0.10 31 0.17 0.61 (0.35–1.09) 0.09

Provoked 15 0.08 29 0.16 0.52 (0.28–0.96) 0.03

Pulmonary embolism 17 0.09 22 0.12 0.77 (0.41–1.45) 0.42

Deep-vein thrombosis only 17 0.09 38 0.20 0.45 (0.25–0.79) 0.004

Safety analysis† 

Venous thromboembolism

Total 35 0.18 64 0.33 0.55 (0.36–0.82) 0.003

Unprovoked 20 0.10 34 0.18 0.59 (0.34–1.02) 0.06

Provoked 15 0.08 30 0.16 0.50 (0.27−0.93) 0.02

Pulmonary embolism 17 0.09 24 0.12 0.71 (0.38–1.32) 0.27

Deep-vein thrombosis only 18 0.09 40 0.21 0.45 (0.26–0.78) 0.003

* The primary efficacy analysis was performed on the basis of 94 cases identified by March 30, 2008.
† The safety analysis was performed on the basis of 99 cases that were identified before the study was unblinded.
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venous thromboembolism (P>0.10 for each inter-
action) (Fig. 2). Subgroups with the highest rates 
of venous thromboembolism in the placebo 
group included participants who were 70 years of 
age or older, those who had a body-mass index of 
30 or higher, and those who had a waist circum-
ference at or above the sex-specific median (95 cm 
in women and 100 cm in men). Similar estimated 
reductions in the risk of venous thromboembo-
lism were observed in each of these higher-risk 
subgroups, although the confidence intervals were 
wide and the effects were not significant for some 
comparisons. The rate of venous thromboembo-
lism was also elevated in the placebo group for a 
follow-up time of more than 2 years after random-
ization, perhaps reflecting the interim develop-
ment of coexisting conditions that can trigger 
venous thromboembolism. With respect to base-
line lipid levels, rates of venous thromboembolism 
in the placebo group and the observed effects of 
rosuvastatin were similar between participants with 
LDL cholesterol levels of 100 mg per deciliter (2.6 
mmol per liter) or lower and those with LDL cho-
lesterol levels above this level; between men with 
high-density lipoprotein (HDL) cholesterol levels 
below 40 mg per deciliter (1.0 mmol per liter) or 
women with levels below 50 mg per liter (1.3 mmol 
per liter) and men or women with HDL choles-
terol levels at or above these levels; and between 
participants with triglyceride levels below 150 mg 
per deciliter (1.7 mmol per liter) and those with 
triglyceride levels at or above this level.

Venous Thromboembolism and Cardiovascular 
Events

In additional analyses, we sought to identify the 
independent and possibly incremental effects of 
rosuvastatin on venous thromboembolism, beyond 
the benefits previously described with respect to 
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Figure 1. Cumulative Incidence of Venous Thrombo
embolism in the Rosuvastatin and Placebo Groups.

Panel A shows the incidence of any venous thrombo-
embolism, Panel B the incidence of unprovoked ve-
nous thromboembolism (i.e., occurring in the absence 
of a known malignant condition, trauma, hospitaliza-
tion, or surgery), and Panel C the incidence of pro-
voked venous thromboembolism (i.e., occurring in pa-
tients with cancer or during or shortly after trauma, 
hospitalization, or surgery). The P values were calculat-
ed on the basis of a likelihood-ratio test of the effect of 
rosuvastatin, with the use of a proportional-hazards 
model.

Copyright © 2009 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on March 29, 2009 . For personal use only. No other uses without permission. 
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To assess possible behavioural disinhibition, risk 
behaviours were tabulated by follow-up visit, and 
diff erences between study groups were assessed by χ² 
and Fisher exact tests. Symptoms of sexually transmitted 
diseases reported at each visit were cumulated over the 
24 months of follow-up to estimate the prevalence of 
symptoms per 100 visits in intervention and control 
participants. Prevalence risk ratios (PRR) were estimated 
with log-binomial regression with a robust variance 
adjustment to account for within-person correlation. We 
also examined possible associations between reported 
symptoms of sexually transmitted diseases and incident 
HIV infection, by use of subgroup-specifi c models to 
determine whether any eff ects of circumcision on HIV 
incidence might be mediated by symptomatic sexually 
transmitted disease cofactors.

The frequencies of adverse events both related and 
unrelated to study participation were assessed in both 
study groups. Multiple adverse events diagnosed at a 
single visit were counted as separate events despite the 
fact that they could have been causally related (eg, wound 
dehiscence and infection), to provide an estimate of the 
maximum frequency of adverse events without making 
assumptions about causality.

The study had 80% power to detect a rate ratio of 0·5 for 
incident HIV in the intervention group relative to the 
control group, with a projected total person-time of 
8993 person-years, assuming a 15% annual loss to 
follow-up and 10% crossover over 24 months. Formal 
statistical monitoring used the Lan-DeMets group 
sequential approach9 with an O’Brien-Fleming type α 
spending function10 to minimise the chance of in-
appropriate premature trial termination. Two interim 
analyses were done, the fi rst with a data cutoff  date of 
April 30, 2006, when about 43% of projected person-time 
had been accrued, and the second interim analysis with a 
data cutoff  date of Oct 31, 2006, when about 72% of 
projected person-time had been accrued. The second 
interim analysis showed a signifi cant diff erence 
in HIV inci dence between the two study groups 
(nominal α=0·0215); as a result, NIAID terminated the 
trial for effi  cacy on Dec 12, 2006. The analyses presented 
here are based on all data accrued up to the time of trial 
closure in December, 2006, and encompass about 73% of 
total anticipated person-time. Results were deemed to be 
statistically signifi cant at the α=0·05 level. All data were 
double entered. East was used for spending function 
calculations and Stata version 8 was used for analysis.

This trial is registered with ClinicalTrials.gov, with the 
number NCT00425984.

Role of the funding source
This trial was funded through a cooperative agreement 
with the Division of AIDS, NIAID/NIH. The study was 
done by the Rakai Health Sciences Program, a research 
collaboration between the Uganda Virus Research 
Institute, and researchers at Makerere University and 

Johns Hopkins University and Columbia University. 
FM, LHM, and MAC had full access to all the data until 
the trial closed. Thereafter, the principal investigator 
and co-investigators (RHG, GK, DS, MJW, FN, NKS, 
FWM, AND SJR) had access to all the data. Staff  at the 
Division of AIDS maintained oversight of progress and 
reporting, and participated in study conduct and data 
interpretation as members of the study executive 
committee. Data analyses was done by the research 
teams at John Hopkins University and the Rakai Health 
Sciences Program. The corresponding author had fi nal 
responsibility for preparing and submitting results for 
publication.

Intervention 
group

Control 
group

Incidence rate 
ratio (95% CI)

p value

0–6 months follow-up interval

Number of participants 2263 2319

Incident events 14 19

Person-years 1172·1 1206·7

Incidence per 100 person-years 1·19 1·58 0·76 (0·35–1·60) 0·439

6–12 months follow-up interval

Number of participants 2235 2229

Incident events 5 14

Person-years 1190·7 1176·3

Incidence per 100 person-years 0·42 1·19 0·35 (0·10–1·04) 0·0389

12–24 months follow-up interval

Number of participants 964 980

Incident events 3 12

Person-years 989·7 1008·7

Incidence per 100 person-years 0·30 1·19 0·25 (0·05–0·94) 0·0233

Total 0–24 months follow-up

Cumulative number of participants 2387 2430

Cumulative incident events 22 45

Cumulative person-years 3352·4 3391·8

Cumulative incidence per 100 person-years 0·66 1·33 0·49 (0·28–0·84) 0·0057

Table 3: HIV incidence by study group and follow-up interval, and cumulative HIV incidence over 2 years
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Figure 2: Kaplan-Meier cumulative probabilities of HIV detection by study 
group
Actual visits grouped by the three scheduled visits at 6 months, 12 months, and 
24 months after enrolment. The cumulative probabilities of HIV infection were 
1·1% in the intervention group and 2·6% in the control group over 24 months.

LEFT: From “Male circumcision for HIV prevention in men in Rakai,
Uganda: a randomised trial,” Lancet 2007; 369: 657-666.

BELOW: From Male circumcision for HIV prevention in young men in
Kisumu, Kenya: a randomised controlled trial. Lancet 2007; 369: 643-56.
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there were two HIV seroconversions in the circumcision 
group in the fi rst month after randomisation and another 
two between months 1 and 3.  Subsequent PCR testing 
indicated that all four were actually HIV positive at 
month 1; no individuals in the control group were 
seropositive by PCR at month 1. There were three 
confi rmed seroconversions in the control group between 
month 1 and month 3, and none in the circumcision 
group. Thus, there were seven early seroconverters 
(month 1 or month 3): four in the circumcision group 
and three in the control group. Three of the four in the 
circumcision group reported no sexual activity in the 
month after circumcision. We cannot exclude the 
possibility that any of these individuals were actually HIV 
positive at baseline, and that their infection was not 
detected. Two of the three early seroconverters in the 
control group also denied sexual activity in the period 
before seroconversion. An analysis excluding the four 
individuals confi rmed as being seropositive at baseline 
and the four additional early seroconverters positive at 
month 1 estimated 2-year HIV incidences to be 
1·6% (95% CI 0·8–2·4) for the circumcision group and 
4·1% (2·9–5·3) for the control group (p=0·0007). The RR 
was 0·32 (0·18–0·58), which corresponds to a 68% (42–82) 
protective eff ect of circumcision against HIV infection.

The as-treated analysis—which adjusted for individuals 
who did not adhere to the randomisation assign-
ment—estimated the RR of circumcision to be 0·45 (95% 
CI 0·27–0·76). Excluding the four participants who were 
confi rmed as being HIV positive at baseline, the RR of 
circumcision was 0·40 (0·23–0·68), which is equivalent to 
a 60% (32–77) protective eff ect of circumcision against 
HIV acquisition.

Treatment results within age strata (ages 18–20 
and 21–24 years) were consistent with the overall results 
and there were no signifi cant diff erences between the 
age-groups in the 2-year HIV incidence (p=0·51). For the 
participants who enrolled when they were 18–20 years of 
age, the 2-year HIV incidences were 2·5% (95% CI 
1·0–3·9) in the circumcision group and 4·3% (2·6–6·1) 
in the control group (p=0·12). For the 21–24-year-old 
group, the rates were 1·7% (0·6–2·8) in the circumcision 
group and 4·0% (2·4–5·7) in the control groups (p=0·02). 
The study was not powered to detect treatment diff erences 
within the two age-groups.

After adjustment for baseline variables for which there 
seemed to be diff erences between the two study groups at 
baseline, only infection with herpes simplex virus 2 at 
baseline was found to be associated with HIV incidence 
(RR 1·91, 95% CI 1·18–3·08). The treatment eff ect re-
mained strong with all adjustments that were considered, 
and the adjusted RR varied between 0·44 and 0·47.

Not all circumcised men adhered to the 30-day period of 
post-circumcision abstinence. 60 participants (4·5%) in 
the circumcision group reported having had sexual 
intercourse before 30 days post-circumcision, including 
one of the early seroconverters (month 1) noted above, and 

another whose HIV infection was detected at the month 6 
visit. Both of these participants had adhered to treatment.

All but one of the 1334 men who were circumcised 
returned for their 3-day postsurgical visit, and all but six 
returned after 8 days. All those employed had resumed 
working by the 3-day visit. Among all men circumcised, 
1287 (96%) reported having returned to normal activities 
by the 3-day visit, and all but one person had returned to 
normal activities by the 8-day visit. At the 3-day visit, 
643 (48%) reported no pain, 690 (52%) reported very 
mild pain, and none reported mild to severe pain. By the 
8-day visit, 1179 (89%) reported no pain, and 
148 (11%) reported very mild pain. Of the 1334 men 
circumcised, 1281 (96%) had a 30-day postsurgical 
wound examination. The wound was judged to be 
completely healed in all but 16 (1%) individuals. All had 
returned to normal general activities. All wounds were 
completely healed by the month 3 visit. 1274 (99·5%) 
individuals were “very satisfi ed” and six (0·5%) were 
“somewhat satisfi ed” with their circumcision; one 
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completed where HIV testing was done, credited specifi cally as months 1, 3, 6, 12, 18, and 24. 

Circumcision group Control group Total

0–6 months* 0·8% (0·3–1·3) 1·0% (0·4–1·5) 0·9% (0·5–1·2)

6–12 months† 0·2% (0·1–0·7) 1·4% (0·8–2·2) 0·8% (0·5–1·3)

12–18 months† 0·0% (0·0–0·5) 0·7% (0·3–1·5) 0·3% (0·1–0·7)

18–24 months† 1·0% (0·5–2·1) 1·2% (0·6–2·4) 1·1% (0·7–1·8)

0–24 months* 2·1% (1·2–3·0) 4·2% (3·0–5·4) 3·1% (2·4–3·9)

Data are % (95% CI). *Based on Kaplan-Meier methods. †Based on the number of 
new incidents of HIV infection detected for the interval divided by the number of 
participants at risk during the interval. 

Table 2:  Incidence rates for intervals of follow-up
8
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Background

Management of acute myocardial infarction requires urgent diagnostic and therapeu-
tic procedures, which may not be uniformly available throughout the week.

Methods

We examined differences in mortality between patients admitted on weekends and 
those admitted on weekdays for a first acute myocardial infarction, using the Myo-
cardial Infarction Data Acquisition System. All such admissions in New Jersey from 
1987 to 2002 (231,164) were included and grouped in 4-year intervals.

Results

There were no significant differences in demographic characteristics, coexisting con-
ditions, or infarction site between patients admitted on weekends and those admit-
ted on weekdays. However, patients admitted on weekends were less likely to undergo 
invasive cardiac procedures, especially on the first and second days of hospitaliza-
tion (P<0.001). In the interval from 1999 to 2002 (59,786 admissions), mortality at 
30 days was significantly higher for patients admitted on weekends (12.9% vs. 12.0%, 
P = 0.006). The difference became significant the day after admission (3.3% vs. 2.7%, 
P<0.001) and persisted at 1 year (1% absolute difference in mortality). The differ-
ence in mortality at 30 days remained significant after adjustment for demograph-
ic characteristics, coexisting conditions, and site of infarction (hazard ratio, 1.048; 
95% confidence interval [CI], 1.022 to 1.076; P<0.001), but it became nonsignificant 
after additional adjustment for invasive cardiac procedures (hazard ratio, 1.023; 95% CI, 
0.997 to 1.049; P = 0.09). 

Conclusions

For patients with myocardial infarction, admission on weekends is associated with 
higher mortality and lower use of invasive cardiac procedures. Our findings suggest 
that the higher mortality on weekends is mediated in part by the lower rate of invasive 
procedures, and we speculate that better access to care on weekends could improve 
the outcome for patients with acute myocardial infarction.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at MCGILL UNIVERSITY LIBRARY on January 17, 2010 . 
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Table 3. Mortality among Patients Admitted on Weekends and Patients Admitted on Weekdays.*

No. of Days  
from Admission 1987–1990 1991–1994 1995–1998 1999–2002

Weekdays Weekends P Value Weekdays Weekends P Value Weekdays Weekends P Value Weekdays Weekends P Value

percent (mortality) percent (mortality) percent (mortality) percent (mortality)

Day of admission 2.2 2.5 0.04 1.8 1.8 0.94 1.6 1.6 0.34 1.1 1.3 0.09

Day 2 4.5 5.2 0.001 3.8 4.0 0.35 3.6 3.5 0.71 2.7 3.3 <0.001

Day 3 6.0 6.7 0.005 5.0 5.2 0.24 4.9 4.8 0.80 3.8 4.7 <0.001

Day 4 7.2 7.9 0.007 5.9 6.2 0.16 5.8 5.6 0.39 4.7 5.8 <0.001

Day 5 8.1 8.8 0.01 6.7 7.0 0.20 6.5 6.4 0.48 5.4 6.4 <0.001

Day 6 8.8 9.5 0.02 7.3 7.7 0.16 7.1 7.0 0.73 6.0 7.0 <0.001

Day 7 9.4 10.1 0.03 7.8 8.3 0.04 7.6 7.7 0.87 6.6 7.5 <0.001

In-hospital 14.5 15.1 0.11 11.8 12.2 0.20 10.4 10.2 0.41 9.3 9.9 0.03

Day 14 12.5 13.2 0.03 10.4 10.9 0.09 10.2 10.2 0.86 9.4 10.4 <0.001

Day 21 13.9 14.7 0.01 11.6 12.2 0.08 11.5 11.4 0.72 10.9 11.8 0.002

Day 30 15.1 16.0 0.009 12.6 13.1 0.10 12.6 12.4 0.69 12.0 12.9 0.006

Day 180 20.5 21.5 0.01 18.0 18.5 0.14 18.1 17.8 0.38 18.9 20.0 0.005

Day 365 23.7 24.6 0.02 21.0 21.7 0.09 21.4 21.2 0.61 22.9 23.9 0.01

Hazard ratio for day 2 
mortality (95% CI)

1.075  
(1.032–1.121)

1.033  
(0.985–1.083)

1.007  
(0.958–1.057)

1.121  
(1.064–1.180)

Hazard ratio for day 7 
mortality (95% CI)

1.033  
(1.004–1.063)

1.044  
(1.011–1.078)

1.014  
(0.982–1.048)

1.080  
(1.045–1.116)

Hazard ratio for total 
 in-hospital mortality 
(95% CI)

1.034  
(1.009–1.059)

1.025  
(0.997–1.054)

1.015  
(0.986–1.045)

1.055  
(1.024–1.086)

Hazard ratio for day 30 
mortality (95% CI)

1.040  
(1.016–1.065)

1.038  
(1.011–1.066)

1.007  
(0.981–1.034)

1.048  
(1.022–1.076)

Hazard ratio for day 365 
mortality (95% CI)

1.032  
(1.013–1.052)

1.033  
(1.012–1.054)

1.005  
(0.985–1.026)

1.037  
(1.017–1.056)

* Hazard ratios are adjusted for age, sex, site of myocardial infarction, and coexisting conditions.
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tio, 1.09 [95% CI, 1.00 to 1.17]).18 The rate of ad-
mission and the severity of acute myocardial in-
farction may vary according to the day of the 
week.19,20 However, in our study, it is unlikely that 
differences in patient characteristics can explain 
the increased mortality among patients admitted 
on the weekend, since the difference persisted af-
ter adjustment for demographic characteristics, 
Q-wave versus non–Q-wave infarction, presence or 
absence of coexisting conditions, presence or ab-
sence of complications, and length of stay.

Patients admitted on weekends were less likely 
to undergo invasive cardiac procedures than were 
those admitted on weekdays. Also, the time be-
tween admission and performance of procedures 
was longer for patients admitted on weekends. The 
percentage of patients who underwent a proce-
dure on the day of admission (possibly reflecting 
primary PCI) was also lower on weekends. Quaas 
and colleagues found that patients admitted on 
weekends were one fourth as likely to undergo 
coronary angiography as were those admitted on 
weekdays.21 Observational data and randomized 
trials have shown a survival benefit of both PCI 
and CABG in at least some subgroups of pa-
tients.8,22-25 In our study, invasive procedures were 
also associated with a lower adjusted 30-day mor-
tality. Our finding that the increase in mortality 
was no longer significant after additional adjust-
ment for invasive procedures implies that the worse 
outcome of weekend admissions may be due in 
part to a lower rate of invasive intervention.

In our analysis of the MIDAS data, the length 
of the hospital stay was not significantly differ-
ent between weekend and weekday admissions. 
Ellis and colleagues, studying hospital charges as-
sociated with PCI, identified weekend delays as a 
factor associated with higher costs,26 and Sheng 
and colleagues reported that the hospital stay was 
19% longer among patients admitted late in the 
week (Thursday through Saturday) than among 
those admitted earlier in the week (Sunday through 
Tuesday), after adjustment for the severity of ill-
ness.27 It is possible that vigorous utilization re-
view prevented delays in the discharge of patients 
admitted on weekends.

The principal limitation of this study is that 
unmeasured confounders may have contributed to 
the reported differences in mortality between pa-
tients admitted on weekends and those admitted 
on weekdays. For example, the database does not 
include data on the time from the onset of symp-

toms to presentation, infarct size, hemodynamic 
status at presentation, or medications adminis-
tered during hospitalization. It is possible that 
differential administration of beta-blockers, as-
pirin, and other pharmacologic agents can explain 
some of the observed differences between week-
end and weekday admissions. Patients admitted on 
weekends tended to be slightly younger, which 
would be associated with lower mortality, and 
had slightly higher rates of complications, which 
would be associated with higher mortality. Al-
though small differences were noted in certain 
baseline characteristics between weekend and 
weekday admissions, these were included in the 
multivariate analysis, and differences in adjusted 
mortality were still observed. 

An additional limitation is that a smaller pro-
portion of patients was admitted to hospitals 
equipped to perform PCI on weekends (22.4%) 
than on weekdays (25.4%). However, this cannot 
be the sole explanation for the increased mortal-
ity among patients admitted on weekends, because 
the increased risk of death persisted after addi-
tional adjustment for the availability of PCI at the 
hospital of admission (hazard ratio, 1.045); the 
increased risk also persisted in a separate analysis 
confined to hospitals that were equipped to per-
form PCI (hazard ratio, 1.080). It is also possible 
that some patients died after they had changed 
their state of residence (and such deaths may 
therefore not have been recorded in the database), 
but this type of move would be unlikely to occur 
soon after infarction. 

None of the above limitations, however, de-
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Background

The development of a safe and effective vaccine against the human immunodefi-
ciency virus type 1 (HIV-1) is critical to pandemic control.

Methods

In a community-based, randomized, multicenter, double-blind, placebo-controlled 
efficacy trial, we evaluated four priming injections of a recombinant canarypox vector 
vaccine (ALVAC-HIV [vCP1521]) plus two booster injections of a recombinant glyco-
protein 120 subunit vaccine (AIDSVAX B/E). The vaccine and placebo injections were 
administered to 16,402 healthy men and women between the ages of 18 and 30 years 
in Rayong and Chon Buri provinces in Thailand. The volunteers, primarily at hetero-
sexual risk for HIV infection, were monitored for the coprimary end points: HIV-1 
infection and early HIV-1 viremia, at the end of the 6-month vaccination series and 
every 6 months thereafter for 3 years.

Results

In the intention-to-treat analysis involving 16,402 subjects, there was a trend toward 
the prevention of HIV-1 infection among the vaccine recipients, with a vaccine ef-
ficacy of 26.4% (95% confidence interval [CI], −4.0 to 47.9; P = 0.08). In the per-
protocol analysis involving 12,542 subjects, the vaccine efficacy was 26.2% (95% CI, 
−13.3 to 51.9; P = 0.16). In the modified intention-to-treat analysis involving 16,395 
subjects (with the exclusion of 7 subjects who were found to have had HIV-1 infec-
tion at baseline), the vaccine efficacy was 31.2% (95% CI, 1.1 to 52.1; P = 0.04). Vac-
cination did not affect the degree of viremia or the CD4+ T-cell count in subjects in 
whom HIV-1 infection was subsequently diagnosed.

Conclusions

This ALVAC-HIV and AIDSVAX B/E vaccine regimen may reduce the risk of HIV infection 
in a community-based population with largely heterosexual risk. Vaccination did not af-
fect the viral load or CD4+ count in subjects with HIV infection. Although the results show 
only a modest benefit, they offer insight for future research. (ClinicalTrials.gov number, 
NCT00223080.)

Copyright © 2009 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at MCGILL UNIVERSITY LIBRARY on January 17, 2010 . 
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be seropositive for HIV-1 on the first test after 
vaccination were determined by RNA testing to 
have been infected at enrollment and were not 
included in the modified intention-to-treat anal-
ysis, leaving 16,395 volunteers: 8197 in the vac-
cine group and 8198 in the placebo group. This 
group consisted of 10,064 men (61.4% of the sub-
jects) and 6331 women (38.6%). Baseline charac-
teristics were similar for selected variables, and 
there was no imbalance between the two groups 
in self-described risk behavior (Table 1).

There were no substantive changes in serial 
self-reports of risk behavior during the trial. No 
data were collected on the status of male cir-
cumcision or on serologic analyses for adenovi-
rus type 5 or herpes simplex virus type 2.

There were 52,985 person-years of follow-up 
(15% more than planned). At 42 months, 14,672 
of the volunteers (89.5%) had completed the trial 
and were HIV-seronegative.

Adverse Events

Most local and systemic reactions to the vaccine 
were mild to moderate and reflected the findings 
of studies on the safety of these products that 
have been reported previously12,17,27-29 (Fig. 1 in 
the Supplementary Appendix). Most reactions were 
mild to moderate and resolved within 3 days af-
ter vaccination. At least one adverse event was 
reported in 69.4% of subjects in the two study 
groups. The number of deaths and the frequency 
and severity of adverse events and serious adverse 
events were similar in the two groups (Table 1 in 
the Supplementary Appendix).

Primary End Points

HIV-1 Infection 
HIV-1 infection was diagnosed in 132 subjects 
(56 in the vaccine group and 76 in the placebo 

Figure 2. Kaplan–Meier Cumulative Rates of Infection, 
According to Type of Analysis. 

The vaccination regimen was completed approximately 
6 months after the first dose was administered. In the 
intention-to-treat analysis involving 16,402 subjects, 
the vaccine efficacy was 26.4% (95% confidence inter-
val [CI], −4.0 to 47.9; P = 0.08) (Panel A). In the per-pro-
tocol analysis involving 12,542 subjects, the vaccine ef-
ficacy was 26.2% (95% CI, −13.3 to 51.9; P = 0.16) 
(Panel B). In the modified intention-to-treat analysis 
involving 16,395 subjects (excluding 7 subjects who 
were found to have had HIV infection at baseline), the 
vaccine efficacy was 31.2% (95% CI, 1.1 to 51.2; 
P = 0.04) (Panel C). 
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