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Introduction and objectives. Analysis of the effect of
treatment in observational studies is complex due to diffe-
rences between treated and nontreated patients. Calcula-
ting the probability of receiving treatment conditioned on
relevant covariates (propensity score [PS]) has been pro-
posed as a method to control for these differences. We
report an application of PS to assess the association bet-
ween reperfusion treatment and 28-day case fatality in
patients with acute myocardial infarction (AMI).

Method. We describe the procedure used to calculate
PS for receiving reperfusion treatment, and different stra-
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tegies to analyze the association between PS and case
fatality with regression modeling and matching. Data were
from a population-based registry of 6307 patients with
AMI in Spain during 1997-98.

Results. The PS for reperfusion was calculated in
5622 patients. In the multivariate analysis, reperfusion
was associated with lower case fatality (OR=0.59; 95%
confidence interval [95% CI], 0.46-0.77). When PS was
included as a covariate, this association became non-
significant (OR=0.76; 95% CI, 0.57-1.01). In the sub-
group of matched patients with a similar PS (n=3138),
treatment was not associated with case fatality
(OR=0.95; 95% Cl, 0.72-1.26). When the influence of ca-
ses with missing data on PS was controlled for, reperfu-
sion treatment was associated with lower fatality
(OR=0.66; 95% CI, 0.55-0.80).

Conclusions. Calculating propensity score is a method
that controls for differences between treated and nontrea-
ted patients. This score has limitations when matching is
incomplete and when data are missing. Results of the
present example suggest that reperfusion treatment redu-
ces AMI case fatality.

Key words: Myocardial infarction. Prognosis. Reperfu-
sion. Thrombolysis.
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ABBREVIATIONS

AMI: acute myocardial infarction.

CCU: coronary care unit.

IBERICA: Research, Specific Search and Registry)|
of Acute Coronary Events.

OR: odds ratio.

PCI: percutaneous coronary intervention.

PS: propensity score.

ROC: receiver operating characteristic.

Analisis de la asociacion entre un tratamiento
y un acontecimiento de interés en estudios
observacionales utilizando la probabilidad

de recibir el tratamiento (Propensity Score).
Un ejemplo con la reperfusion miocardica

Introduccion y objetivos. Determinar el efecto de un
tratamiento en estudios observacionales es problematico
por las diferencias existentes entre tratados y no trata-
dos. Un método propuesto para controlar estas diferen-
cias es calcular la probabilidad condicionada por covaria-
bles de recibir el tratamiento, Propensity Score (PS).
Presentamos una aplicacion de este método analizando
la asociacién entre reperfusion y letalidad a 28 dias en
pacientes con infarto agudo de miocardio (IAM).

Método. Se presenta como calcular la PS de recibir re-
perfusion y las diferentes estrategias para analizar poste-
riormente su asociacion con la letalidad mediante mode-
los de regresion y apareamiento. Utilizamos datos de un
registro poblacional de |IAM realizado en Espafa entre
1997 y 1998 que incluyd 6.307 IAM.

Resultados. Se calcul6 la PS de reperfusion en 5.622
pacientes. En el analisis multivariado la reperfusion se
asocio con menor letalidad (odds ratio [OR] = 0,59; in-
tervalo de confianza [IC] del 95%, 0,46-0,77); al ajustar
ademas por la PS de reperfusion esta asociacion no fue
significativa (OR = 0,76; IC del 95%, 0,57-1,01). En el
subgrupo de pacientes apareados, tratados y no trata-
dos con PS de reperfusion similar (n = 3.138), este tra-
tamiento no se asoci6 con letalidad (OR = 0,95; IC del
95%, 0,72-1,26). Controlando el impacto de los casos
con datos insuficientes en la PS de reperfusion, ésta se
asocié con menor letalidad (OR = 0,66; IC del 95%,
0,55-0,80).

Conclusiones. El célculo de la PS es un método para
controlar las diferencias entre los grupos tratado y no tra-
tado. Tiene limitaciones cuando el apareamiento es in-
completo o hay datos insuficientes en la PS calculada.
Los resultados del ejemplo presentado indican que la re-
perfusion reduce la letalidad del IAM.

Palabras clave: Infarto de miocardio. Prondstico. Re-
perfusion. Trombdlisis.
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INTRODUCTION

The evidence on the efficacy of a treatment or in-
tervention derives from randomized clinical trials,
which have the best design to assess treatment effi-
cacy.! One of the limitations of this approach is the
generalization of the results to the rest of the popula-
tion (external validity).! For this reason, the evalua-
tion of the effect of treatment in the general popula-
tion—its effectiveness—by means of observational
studies is also of interest.> Observational studies have
classically been reported to overestimate the treat-
ment effect,® although some authors have found no
differences between the results of observational stu-
dies and randomized clinical trials.* The major limi-
tation of observational studies is the fact that treat-
ment is not randomly assigned. Thus, there is a
selection bias that may indicate that the observed tre-
atment effect could be related to the baseline charac-
teristics of the treated and untreated patients rather
than to the treatment itself. Multivariate statistical
analysis is normally employed to control the diffe-
rences, but these methods are not perfect.

In 1983, Rosenbaum and Rubin’® proposed a new
method for controlling this bias: calculating the indivi-
dual probability, influenced by certain covariates, of
receiving a treatment, the propensity score (PS). In re-
cent years, the use of this method in observational stu-
dies is increasing considerably.’

The main objective of this report is to present a
practical application of this statistical method, discus-
sing its advantages and limitations. We analyze the as-
sociation between myocardial reperfusion therapy and
28-day lethality in patients with acute myocardial in-
farction (AMI) ranging between 25 and 74 years of
age who reached a hospital alive within the first 12
hours of onset of symptoms and were enrolled in the
IBERICA (Research, Specific Search and Registry of
Acute Coronary Events) study.

METHOD
Study Design

The study design, methods and quality controls
have been described in detail elsewhere.” Briefly,
the IBERICA study, which was initiated in 1996, is a
population-based registry that records cases of AMI
in individuals between the ages of 25 and 74 years
residing in 7 regions of Spain: Castile-La Mancha
(Toledo and Albacete), Girona, Majorca, Murcia, Na-
varre, the Basque Country, and Valencia (metropoli-
tan area).’’

We present the data from patients who reached the
hospitals of the participating localities alive. The study
period began on 1 January 1997 and ended on 31 De-
cember 1998.
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Case Identification and Classification

For the detection of patients hospitalized with AMI,
a search was carried out in all the hospitals of the par-
ticipating localities; the sources of information were
the coronary care units (CCU), the cardiology service,
hospital admission and emergency room records and
death certificates. On the basis of the clinical and elec-
trocardiographic features, enzyme profile and autopsy
(when performed), each case investigated was classi-
fied as definite AMI, possible AMI, non-AMI, or ha-
ving insufficient data, according to the criteria of the
MONICA study.'® The analysis included those patients
who reached the hospital alive and were classified as
definite AMI (alive or dead) and possible AMI patients
who died. AMI was considered to be definite in living
patients when a Q wave was present on an electrocar-
diogram or in the presence of electrocardiographic
changes suggestive of ischemia, with typical symp-
toms and myocardial enzyme (creatine kinase) levels
more than two-fold higher than the maximum refe-
rence value. In those who died, AMI was considered
to be definite when autopsy revealed signs of coronary
thrombosis or recent myocardial necrosis. The possi-
ble AMI group consisted of individuals who did not
meet the criteria for definite AMI and died with the ty-
pical symptoms or when autopsy revealed signs of co-
ronary arteriosclerosis or ischemic heart disease.

Variables Studied

In each registered case, information was collected
on the administration of reperfusion therapy, distin-
guishing between thrombolysis and percutaneous co-
ronary intervention (PCI). In patients who underwent
thrombolysis, the delay between hospital arrival and
treatment (door-to-needle time) was recorded.

In addition, information was gathered on their car-
diovascular risk factors, history of ischemic heart dise-
ase and heart failure, and clinical variables related to
the AMI (AMI site and Killip class on admission), as
well as hospital type (basic, without CCU or hemody-
namic laboratory; intermediate, with CCU but no he-
modynamic laboratory; or advanced, with both facili-
ties) and CCU admission.

The vital status at 28 days was ascertained by means
of clinical follow-up and death records.

Statistical Analysis

Student’s ¢ test or the Mann-Whitney U test was
used to compare the continuous variables in the 2
groups, while 2 test was employed in the comparison
of the categorical variables.

The analysis of the association between reperfusion
therapy and the 28-day case lethality was performed
using logistic regression models, including the con-
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founding variables and certain clinically relevant
variables.

Statistical Analysis Based on the Propensity
Score for Receiving Reperfusion Therapy

The PS for receiving thrombolysis, PCI or either of
the 2 reperfusion therapies was calculated on the basis
of the demographic and clinical characteristics of each
patient.!! Discriminant analysis or logistic regression
can be used to perform this calculation. The advantage
of logistic regression is that the variables do not have
to show a normal distribution. In our example, all the
demographic and clinical characteristics and all the bi-
variate interactions between these variables were ini-
tially included in 3 different logistic regression models
to predict the utilization of these reperfusion therapies.
Then the variables and interactions that did not reach a
predetermined level of statistical significance (P<.15)
were eliminated. In this way, we calculated the PS,
conditional on a series of covariates, for receiving the-
se therapies:

P(Z=1IX,...., X,)=P(Z)

Where Z is the therapy analyzed and X, and X are
the covariables that predict its use. The discriminatory
power of each of these models was analyzed by calcu-
lating the area under the receiver operating characte-
ristic (ROC) curve. The models were considered to
have a good discriminatory power when this area was
greater than or equal to 0.80.

Once the PS was calculated, one of three different
analytical strategies could be employed.® One of the
approaches most frequently utilized is to analyze the
association between the therapy and the event of inte-
rest (in our study, the 28-day case lethality) using lo-
gistic regression models that include the variable of in-
terest, the calculated PS and a reduced number of
covariates.

Another possible strategy is to match treated and
untreated patients. Several methods for achieving the-
se matches have been proposed.!> One of those most
commonly utilized involves the matching of each trea-
ted patient with an untreated patient who has a similar
PS for receiving therapy, defined by a range delimited
by the PS of the treated patient, plus or minus a given
proportion of the standard deviation of the PS.!? The
calculated PS, P(Z), does not usually show a normal
distribution, which makes matching by this method
difficult. To normalize the PS, thus making it easier to
achieve matches, the calculation of the logit of the PS
for receiving therapy (logit of P(Z)=logl0 [(1-
P(Z))/P(Z)]) and the utilization of the range defined by
one fourth of its standard deviation has been
proposed.'? To achieve matches under these condi-
tions, we employed the SAS macro “Match.”"® Once
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matching had been carried out, we evaluated its effec-
tiveness by determining whether there were diffe-
rences in the covariables of interest corresponding to
treated and untreated patients in the sample of mat-
ched patients. These differences can be assessed by
comparison of means and proportions or by calcula-
ting the standardized differences between treated and
untreated patients.

A third analytical strategy involves the stratification
of the patients included in the analysis. It was determi-
ned that by defining five groups or strata according to
the quintiles of the calculated PS, 90% of the bias
owing to the differences in the stratification variables
for the treated and untreated groups was eliminated.'*
Subsequently, the association between the reperfusion
modality being evaluated and the 28-day lethality was
calculated in each group using conventional regression
models. The data corresponding to this analytical stra-
tegy are not presented here.

Finally, to evaluate the effect of missing data on the
PS for receiving therapy, we compared the characteris-
tics of the patients for whom the data was insufficient
and those for whom complete valid data had been co-
llected. Two strategies were used to analyze the effect
of these cases. In one, the missing data required for the
calculation of the PS were completed with the medians
of each of these variables. In the other, the multiple
imputation method of the SAS was employed to esti-
mate the PS for receiving the treatment of interest ba-
sed on age, sex, and time elapsed before reaching the
hospital (variables for which the data was complete in
every case) (PROC MI), and to calculate the associa-
tion between the reperfusion therapies and fatality
(PROC MIANANLYZE).!

The statistical analyses were performed using the
SPSS and SAS software packages.

RESULTS

A total of 8155 AMI in patients between the ages of
25 and 74 years who reached a hospital alive were re-
gistered during the study period. Information concer-
ning the time elapsed between the onset of symptoms
and arrival at a hospital was not available in 662 cases
(8.1%). In all, 6333 patients reached the hospital wit-
hin 12 hours of the onset of symptoms; it was not
known whether reperfusion had been performed in 26
of these cases (0.4%).

The differences between the patients who under-
went myocardial reperfusion and those who did not
are summarized in Table 1. In the untreated group, the
patients were older and there were higher proportions
of women, of patients with histories of hypertension,
diabetes, prior AMI, angina, and heart failure, of pa-
tients with non-Q wave myocardial infarction, higher
Killip class on admission and a longer delay in rea-
ching the hospital, while there were lower proportions
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of smokers and patients admitted to the CCU. The 28-
day case lethality of patients who did not undergo re-
perfusion therapy was higher than that of the treated
patients. Table 2 shows the variables included in the
logistic regression model to calculate the PS for recei-
ving reperfusion therapies being evaluated and the
area under the ROC curve, used to estimate the discri-
minatory power of the calculated PS, which was grea-
ter than or equal to 0.80 in every case.

The treated and untreated patients were matched on
the basis of the PS for receiving therapy, which resul-
ted in the matching of 2926 patients. No within-pair
differences were observed in the major variables of in-
terest (Table 3). The absolute standardized differences
in the demographic and clinical variables of interest
observed in the analysis of all the treated and untrea-

TABLE 1. Characteristics of the Patients With Acute
Myocardial Infarction Who Arrive at the Hospital
Within the First 12 Hours After the Onset of
Symptoms, Grouped According to Administration
of Myocardial Reperfusion Therapy’

No Reperfusion Reperfusion

(n=2764) (n=3543) P

Female sex, % 21.6 16.2 <.001
Age, mean (SD), y 62.2 (9.9) 59.6 (10.5) <.001
Smoker, % 38.6 51.7 <.001
Hypertension, % 48.8 41.8 <.001
Diabetes mellitus, % 31.8 235 <.001
Dyslipidemia, % 41.0 39.2 0.161
Previous AMI, % 231 12.6 <.001
Previous angina, % 46.9 35.8 <.001
Heart failure, % 8.8 341 <.001
AMI, %

Inferior 36.7 55.7 <.001

Non-Q wave 29.3 3.5

Anterior 28.8 40.0

Undetermined 53 0.9
Killip class on admission, %

| 70.7 81.3 <.001t

Il 16.5 14.3

I 8.3 2.6

v 4.5 1.8
Treatment in CCU, % 87.2 96.7 <.001
Onset-to-hospital time,

mint 120 (5-630) 105 (20-375)  <.001
Type of hospital, %

Basic 1.7 0.4 <.001

Intermediate 37.9 40.0

Advanced 60.4 59.7
28-day lethality,

% 16.8 7.5 <.001

*AMI indicates acute myocardial infarction; CCU, coronary care unit; SD,
standard deviation.

Ty? for trend.

FMedian (5th percentile to 95th percentile).
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ted patients nearly disappeared when the matched pa-
tients were analyzed (Figure 1). We were unable to
match 3381 patients because the treated and untreated
individuals differed widely in terms of both the distri-
bution of cases according to the logit of the PS for tre-
atment and the range of values of this PS (Figure 2).
Table 3 also shows the differences between unmatched
treated and untreated patients.

In the multivariate logistic regression analysis, after
adjustment for confounding variables, thrombolysis
and PCI, whether considered separately or together,
were significantly associated with a lower 28-day let-
hality rate (Table 4A). When the PS for receiving the-
se reperfusion therapies was included in the models,
only PCI was found to have a statistically significant
association with a lower case lethality rate (Table 4B).
When the matched pairs of treated and untreated pa-
tients with the same PS for receiving therapy were
analyzed, no statistically significant association was
observed between the reperfusion therapies and the
case lethality rate (Table 4C).

The PS for undergoing thrombolysis, PCI or either
of the 2 reperfusion therapies could not be calculated
in 685 cases in which the data for one or more of the
variables included in the model was missing. These
cases were associated with a higher risk than those in
which the PS for receiving therapy could be calculated
(older age, greater comorbidity, more severe infarc-
tion) and with a higher lethality rate (Table 5). This
group also had a lower proportion of patients who had
received reperfusion therapy, although the differences
were not statistically significant (Table 5).

Table 6 shows the results of the analysis in which
the missing data that impeded the calculation of the PS
for receiving therapy were completed with the corres-
ponding medians, as well as the results of the multiple
imputation analysis of values with missing data. The
results of these two analytical strategies indicate that
thrombolysis and PCI, whether considered separately
or together, were associated with a lower 28-day case
lethality rate (Table 6).

DISCUSSION

In this study, we present a practical application of a
statistical method that involves the calculation of the
probability of receiving therapy, the PS, in order to
analyze the effectiveness of this approach in observa-
tional studies. We utilized the data from the IBERICA
study, a population-based AMI registry, to analyze the
effectiveness of reperfusion therapy in reducing the
28-day lethality associated with AMI.

The analysis of the association between a treatment
and an event of interest in observational studies is
complex since, in contrast to randomized clinical
trials, the treated and untreated groups may differ wi-
dely with respect to many covariates. If these covaria-
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TABLE 2. Variables and Interaction, Included in the
Calculation of the Propensity Score for Receiving
One of the Reperfusion Therapies Evaluated,
Associated With Thrombolytic Treatment or
Myocardial Reperfusion: Estimation of the Predictive
Power of These Propensity Scores by the Calculation
of the Area Under the ROC Curve’

Sex

Age

Smoking habits

Hypertension

Diabetes mellitus

Dyslipidemia

Symptoms typical of ischemia on admission
Abnormal myocardial enzyme levels
Electrocardiographic changes
Previous AMI

Previous angina

History of heart failure

AMI site

Killip class on admission

CCU stay

Region

Year

Delay between onset of symptoms and arrival at a hospital
Type of hospital

Age-sex interaction
Age-dyslipidemia interaction
Sex-smoking interaction

Thrombolysis PCI Area Reperfusion by Either Therapy
Area Under the ROC Curve Under the ROC Curve Area Under the ROC Curve

0.80 0.82 0.80

‘AMI indicates acute myocardial infarction; CCU, coronary care unit; PCI, per-
cutaneous coronary intervention; ROC, receiver operating characteristic.

bles are associated with the event of interest, it may
prove difficult to determine whether the effect of the
treatment can be attributed to the differences in these
covariables.

The calculation of the PS for receiving a treatment
is a method that enables the statistician to reduce the
bias caused by the differences between treated and un-
treated patients.>® The fact that this calculated PS is
conditional only on the variables included in the multi-
variate predictive models utilized must be taken into
account. Thus, in the design of an observational study
to analyze the effect of a treatment, it is important to
gather information on all the variables that can be rela-
ted to the use of the treatment being studied. If the dis-
criminatory power of the models predictive of treat-
ment is adequate, it can be assumed that the regression
models that include the calculated PS for receiving tre-
atment will be able to provide unbiased estimations of
the treatment effect.
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TABLE 3. Characteristics of Matched and Unmatched Patients According to Whether or Not They Had Received
Reperfusion Therapy Expressed as the Mean (Standard Deviation)’

Matched Patients Unmatched Patients
Reperfusion Therapy Reperfusion Therapy
Yes (n=1463) No (n=1463) P Yes (n=2080) No (n=1301) P

Age, years 61 (10) 61 (10) 721 59 (11) 64 (9) <.001
Sex 0.20 (0.40) 0.19 (0.39) 348 0.14 (0.34) 0.25 (0.43) <.001
Smoker 0.44 (0.50) 0.45 (0.50) 457 0.57 (0.49) 0.31 (0.46) <.001
Hypertension 0.46 (0.50) 0.44 (0.50) 298 0.39 (0.49) 0.55 (0.50) <.001
Diabetes mellitus 0.28 (0.45) 0.27 (0.45) 483 0.20 (0.40) 0.37 (0.48) <.001
Dyslipidemia 0.41 (0.49) 0.40 (0.49) 498 0.38 (0.48) 0.42 (0.49) 012
Previous AMI 0.17 (0.38) 0.17 (0.38) 922 0.09 (0.29) 0.30 (0.46) <.001
Previous angina 0.45 (0.50) 0.43 (0.50) 434 0.29 (0.46) 0.51 (0.50) <.001
History of CHF 0.05 (0.23) 0.05 (0.23) 1.000 0.01(0.12) 0.13(0.33) <.001
Site of AMI 1.88 (0.98) 1.89 (0.98) 546 1.85 (0.99) 2.19 (0.85) <.001
Killip on admission 1.36 (0.74) 1.33(0.70) 627 1.17 (0.44) 1.63 (0.93) <.001
CCU stay 0.95 (0.21) 0.95 (0.21) 862 0.98 (0.15) 0.78 (0.41) <.001
Type of hospital 2.61 (0.51) 2.60 (0.51) 953 2.58 (0.49) 2.56 (0.55) <.001
28-day case fatality 0.10 (0.30) 0.10 (0.30) .902 0.06 (0.23) 0.25 (0.43) <.001
In-hospital symptoms 173 (149) 173 (164) 933 109 (82) 226 (222) <.001
Logit of the PS for receiving

therapy -0.14 (0.43) -0.13 (0.44) 594 -0.58 (0.18) 0.89 (0.52) <.001

‘AMI indicates acute myocardial infarction; CCU, coronary care unit; CHF, congestive heart failure; Logit of the PS for receiving therapy: (Logit PS [Th]: Log,, [(1-
PS (Th))/PS (Th)].

TABLE 4. OR and 95% CI of the Association Between Thrombolysis, PCI or Myocardial Reperfusion the Use
of Either Technique and 28-Day Case Fatality, Compared With No Reperfusion, in Acute Myocardial Infarction
Patients: Findings Using Different Statistical Methods’

Unadjusted OR Adjusted OR, Model 1t Adjusted OR, Model 2%

A. Classical analysis adjusted for confounding variables

Thrombolysis 0.43 (0.36-0.50) 0.47 (0.40-0.56) 0.70 (0.53-0.91)

PCI 0.41 (0.26-0.62) 0.46 (0.30-0.72) 0.24 (0.13-0.45)

Overall reperfusion 0.40 (0.34-0.47) 0.45 (0.38-0.53) 0.59 (0.46-0.77)
n=6307 n=6307 n=5757

B. Classical analysis adjusted for confounding variables and the propensity score for receiving therapy

Thrombolysis 0.99 (0.80-1.24) 0.9 (0.79-1.23) 0.90 (0.67-1.20)

PCI 0.54 (0.33-0.90) 0.57 (0.34-0.94) 0.26 (0.13-0.52)

Overall reperfusion 0.89 (0.72-1.11) 0.88 (0.71-1.10) 0.76 (0.57-1.01)
N=5622 N=5622 n=5591

C. Analysis in treated/untreated matched pairs of patients with similar propensity scores for receiving treatment

Thrombolysis 1.00 (0.78-1.28) 1.00 (0.78-1.28) 0.95 (0.72-1.25)

PCI 0.77 (0.41-1.46) 0.76 (0.40-1.43) 0.47 (0.21-1.08)

Overall reperfusion 1.02 (0.80-1.29) 1.00 (0.78-1.28) 0.95 (0.72-1.26)
N=2926 n=2926 n=2911

“Cl indicates confidence interval; OR, odds ratio; PCI, percutaneous coronary intervention.

tModel 1: adjusted for sex and age.

$Model 2: adjusted for the variables of model 1 and for smoking, hypertension, diabetes mellitus, dyslipidemia, previous acute myocardial infarction (AMI), pre-
vious angina, heart failure, site of AMI, treatment in a coronary care unit, region, year recorded in the registry, Killip class on admission and presence of malignant
ventricular arrhythmias.
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TABLE 5. Characteristics of Acute Myocardial
Infarction Patients Who Reached the Hospital
Within the First 12 Hours of Onset of Symptoms,
Grouped According to the Availability of Data
Necessary for the Calculation of the Propensity
Score for Receiving Reperfusion Therapy’

Probability of Receiving
Reperfusion Therapy

P
Valid Data Missing Data
(n=5622) (n=685)

Age, mean (SD), y 61 (10) 62 (10) 011
Female sex, % 18.7 17.5 499
Smokers, % 46.1 444 399
Hypertension, % 43.8 549 <.001
Diabetes mellitus, % 26.6 32.8 <.001
Dyslipidemia, % 39.6 449 .037
Previous AMI, % 16.7 21.3 .004
Previous angina, % 40.4 431 .200
History of CHF, % 5.2 8.6 .001
Site of AMI, %

Inferior 47.3 481 <.001

Non-Q wave 15.1 11.0

Anterior 35.2 33.8

Undetermined 2.3 71
Killip class on admission, %

| 65.6 56.7 <.001

Il 18.5 20.2

11 7.7 9.0

I\ 8.2 141
CCU stay, % 94.6 75.6 <.001
Type of hospital, %

Basic 1.0 0.7 <.001

Intermediate 38.5 447

Advanced 60.5 54.6
28-day lethality, % 9.7 27.0 <.001
Onset-to-hospital time,

mint 120 (10-540) 120 (1-480) .006
Reperfusion, % 56.5 531 .095

‘AMI indicates acute myocardial infarction; CCU, coronary care unit; CHF,
congestive heart failure; SD, standard deviation.
tMedian (5th percentile to 95th percentile).

In the real-world example we describe, using the
classical multivariate analysis, thrombolysis, PCI and
reperfusion with either of the 2 methods were associa-
ted with lower 28-day lethality rates. When the PS for
receiving these therapies was included, thrombolysis
presented no association with lethality, while PCI con-
tinued to be associated with a lower rate. The disappe-
arance of this association between thrombolysis and
lethality may be related to a more precise control of
the confounding variables achieved with the introduc-
tion of the calculated PS or, as we will discuss below,
to a selection bias in the analysis produced by the ex-
clusion of a group of patients for whom data required
for the calculation of the PS was missing.
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In theory, the same results should be obtained whet-
her the PS for receiving therapy or all the covariates
employed to calculate this PS are included in the mo-
dels utilized to analyze the treatment effect.'® The ad-
vantage of using this two-stage procedure is that the
first stage, in which the PS for receiving therapy is
calculated, can involve a very complex model with a
large number of variables and interactions, since the
only objective of this model is to achieve a greater dis-
criminatory power for the administration of therapy. In
the second stage, only this PS and a group of more re-
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Figure 1. Absolute standardized differences between patients treated
or not treated with reperfusion when the overall group was conside-
red (<€) and when matched according to the propensity score for re-
ceiving reperfusion therapy (H). An absolute difference of between 1
and 10 was considered to be statistically insignificant (vertical dash-
ed line).

AMI indicates acute myocardial infarction; CCU, coronary heart unit;
CHF, congestive heart failure.
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Figure 2. Distribution of the logit of the probability of receiving reper-
fusion therapy for all the treated (A) and untreated (B) patients.

levant variables are included. If we were to include all
the variables and interactions in the model to analyze
the association between treatment and the event of in-
terest, the interpretation of the final model and the
analysis of its validity would be much more complex.
The matching of treated and untreated patients with
the same PS for receiving treatment is a widely used
analytical strategy. With this approach, the treated and
untreated groups are found to have highly similar cha-
racteristics with respect to all the covariables, an ideal
situation for analyzing the association between treat-
ment and the event of interest, similar to that obtained
in randomized clinical trials. In any case, we should
take into account the fact that patients were matched
on the basis of the variables introduced into the model
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to calculate the PS for receiving treatment and that,
depending on the treatment, there may be within-pair
differences with regard to other variables that were not
considered in this calculation. In our study, matching
was highly effective and we obtained a subgroup of
patients that differed only in the use of reperfusion
therapy (Table 3 and Figure 1). Matching is limited by
the fact that if the degree of overlap of the distribution
of the PS for receiving treatment in treated and untrea-
ted patients is small, as occurs in our study (Figure 2),
many patients cannot be matched. Moreover, these un-
matched patients differ widely depending on whether
or not they received therapy and differ with respect to
the matched patients (Table 3). This means that the in-
dividuals included in the matched-pair analysis are a
selection of patients from the overall group with given
characteristics, thus limiting the generalization of the
results obtained to the population, which was the ulti-
mate objective of our analysis. In the data from our
real-world example, we observe that neither throm-
bolysis nor reperfusion using PCI was associated with
lethality in the matched-pair analysis (Table 4C). Such
widely differing results are probably due to the patient
selection carried out for this matched-pair analysis,
and do not represent a valid estimator of the associa-
tion between reperfusion and lethality.

One of the limitations of the analysis based on the
PS for receiving treatment is the exclusion of a group
of patients in whom this PS could not be calculated
because the data for one or more of the variables in-
cluded in the model predictive of treatment were mis-
sing.”” In our example, reperfusion was associated
with lower case fatality in the classical logistic regre-
ssion models adjusted for confounding variables, but
this association disappeared after adjustment for the
PS for undergoing reperfusion (Table 4). As we men-
tioned above, the disappearance of this association
may have occurred because, with the introduction of
the PS for undergoing reperfusion, we excluded a sub-
group of patients with missing data relative to this va-
riable, thus introducing a potential selection bias into
the analysis. Indeed, there was a group of patients with
a greater risk, higher case fatality and a trend toward a
lower utilization of reperfusion therapy that was not
included in the analysis because the PS for receiving
treatment could not be calculated due to missing data
relative to one or more of the variables of the predicti-
ve model (Table 5). The exclusion of these patients
may have introduced a bias in the results that would
reduce the efficiency of the estimator of the
effectiveness of reperfusion. Both the analysis that
assigned the corresponding median to the variables for
which the data was missing and the multiple imputa-
tion analysis (Table 6) support the existence of this
bias. They also demonstrate the effectiveness of th-
rombolysis, PCI or reperfusion using either of the 2
methods in reducing lethality associated with AMI in
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TABLE 6. OR and 95% CI of the Association Between Thrombolysis, PCI, or Myocardial Reperfusion Using Either
Technique and 28-Day Case Fatality in Acute Myocardial Infarction Patients Corresponding to the Analyses
of the Classical Analysis, Adjusting for the Propensity Score for Receiving Therapy (Table 4B)’

Unadjusted OR

Adjusted OR, Model 11 Adjusted OR, Model 2

Completion of missing data necessary for the calculation of the propensity score for receiving therapy with the corresponding median

Thrombolysis 0.58 (0.48-0.70)

PCI 0.52 (0.33-0.81)

Overall reperfusion 0.52 (0.43-0.62)
n=6307

0.58 (0.48-0.70)

0.52 (0.33-0.81)

0.52 (0.44-0.63)
n=6307

0.80 (0.62-1.04)

0.32 (0.18-0.58)

0.65 (0.50-0.86)
n=5757

Completion of missing data necessary for the calculation of the propensity score for receiving therapy using multiple imputation

Thrombolysis 0.70 (0.58-0.85)

PCI 0.52 (0.33-0.81)

Overall reperfusion 0.65 (0.53-0.78)
n=6307

0.72 (0.59-0.87) 0.74 (0.60-0.90)

0.52 (0.33-0.82) 0.52 (0.33-0.83)

0.66 (0.55-0.80) 0.66 (0.55-0.80)
n=6307 n=5757

“Cl indicates confidence interval; OR, odds ratio; PCI, percutaneous coronary intervention. The missing data necessary for the calculation of these PS were comple-
ted: a) by introducing the median of each variable, or b) using multiple imputation to estimate the propensity score for receiving the therapy of interest, based on
patient age and sex and the delay in reaching the hospital, and to calculate the association between the reperfusion therapies and 28-day lethality.

tModel 1: adjusted for sex and age

fModel 2: adjusted for the variables of model 1 and for smoking, hypertension, diabetes mellitus, dyslipidemia, previous acute myocardial infarction (AMI), pre-
vious angina, heart failure, site of AMI, treatment in a coronary care unit, region, year recorded in the registry, Killip class on admission, and presence of malignant

ventricular arrhythmias.

our population (Table 6). These data are consistent
with those observed in clinical trials.!'

Characteristics, Clinical Implications and
Limitations of the Study

The IBERICA study enables the description of the
care provided to AMI patients on a population-wide
scale, as well as its effectiveness under real-world con-
ditions in clinical practice.

There are certain limitations due to the unavailabi-
lity of a) the electrocardiographic features of the in-
farction at the time of hospital admission (ST-segment
elevation, etc.) to aid in assessing the indication for th-
rombolysis, and b) the information on the delay with
which the patient reached the hospital in 8% of the ca-
ses involving hospital admission. However, when the
analyses were repeated after selecting cases of Q wave
AMI (as an estimate of patients with ST-segment ele-
vation) and introducing the median delay where this
information was missing, the results were very similar
(data not shown). Thus, we do not consider that the
exclusion of this group of patients had any impact on
the findings

The results of the association between reperfusion
and lethality differ according to the analytical strategy
employed: odds ratio (OR)=0.59 in multivariate analy-
sis, OR=0.76 in regression analysis adjusted for the PS
for undergoing reperfusion, and OR=0.66 in regres-
sion analysis adjusted for the PS for reperfusion after
multiple imputation in those cases in which the data
relative to the PS were missing. After adjustment for
the PS for reperfusion, the estimator obtained would
probably be less biased than the true association
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between reperfusion and lethality, and the odds ratio
would probably be between 0.66 and 0.76.

CONCLUSIONS

The calculation of the PS for receiving treatment
and its subsequent utilization for the statistical analy-
sis of the association between the therapy being
evaluated and the event of interest is an interesting
method that complements classical multivariate analy-
sis. The major advantage of this method is that it ma-
kes it possible to control the differences between the
treated and untreated groups. It has certain limitations
when the matching is incomplete and when there are
insufficient data for the calculation of the PS, a cir-
cumstance that can limit the generalization and vali-
dity of the results obtained.

The data from the IBERICA study suggest that
myocardial reperfusion is effective in reducing the 28-
day lethality on a population-wide scale.
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