
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CLINICAL RESEARCH
Acute coronary syndromes

International comparison of treatment and
long-term outcomes for acute myocardial
infarction in the elderly: Minneapolis/St. Paul,
MN, USA and Göteborg, Sweden
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Aims International studies provide an opportunity to compare treatment approaches and outcomes. The present study com-
pares elderly hospitalized acute myocardial infarction (AMI) patients in Minneapolis/St. Paul, USA (MSP) and Göteborg,
Sweden (GB).

Methods
and results

A population-based sample of hospitalized AMI (ICD-9 410) patients aged ≥75 in MSP and GB in 2001–02 was
abstracted by trained nurses. Mortality was ascertained from medical records and death certificates. Demographics, car-
diovascular procedures, and prescription medications were compared using sex-specific generalized linear models.
Adjusted hazard ratios (HR) were calculated with Cox regression. In MSP 839 (387 men, 452 women) and in GB 564
(275 men, 289 women) patients were identified. Age was similar (men: MSP 83+7, GB 82+5; women: MSP 84+6,
GB 84+6) yet MSP patients had more previous cardiovascular comorbidities and procedures (PCI/CABG). Guide-
line-based medication use was high in both locations. MSP patients were significantly more likely to undergo PCI
(men: MSP 33%, GB 7%; women: MSP 30%, GB 7%). Survival at 7.5 years was 27.8% among MSP patients (men: 26.6%,
women: 28.8%) and 17.2% among GB patients (men: 17.5%, women: 17.0%). After adjustment for baseline characteristics
and guideline-based therapies, survival was higher among MSP men [HR: 0.66, 95% confidence interval (CI): 0.50–0.88]
and women (HR: 0.49, 95% CI: 0.36–0.67) compared with GB.

Conclusion In MSP and GB, guideline-based therapy use was high. However, PCI use was markedly higher in MSP. Long-term survival
was better among elderly men and women in MSP compared with GB possibly related to greater utilization of PCI.
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Introduction
International studies of medical practice provide an opportunity to
compare treatment approaches and outcomes. The USA and
Sweden are two medically advanced countries each with guideline-
based treatment strategies for acute myocardial infarction (AMI).1–4

Improvements in short- and long-term mortality among hospitalized
AMI patients have been observed in both areas.5–8 Several hypotheses

have been proposed to explain these improvements. An overall re-
duction in population risk factors as well as advances in individual
treatment are important factors in the overall decline in mortality
in both the USA and Sweden.5,6

Medical treatment and outcomes in population-based samples
of hospitalized AMI patients aged 30–74 in Minneapolis–St. Paul,
USA (MSP), and Göteborg, Sweden (GB) have been compared
previously.9,10 Major differences in AMI treatment approaches
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were observed during each survey period, 1990–91 and 1995–96,
nevertheless short- and long-term mortality were similar in MSP
and GB. The most recent survey, 2001–02, included AMI patients
aged 75 and older, providing an opportunity to study acute treatment
and long-term survival among elderly AMI patients. We hypothesized
that treatment and long-term outcomes for AMI patients differed
between these developed countries.

Methods

Study population and sample
The seven-county metropolitan area of MSP had a 2000 census popula-
tion of 2.6 million inhabitants, including 44 243 men and 81 249 women
75 years of age and older. The population of MSP is mainly white and pre-
dominantly of northern European descent (Norwegian, Swedish, and
German). The city of GB, on Sweden’s west coast, had a 2002 population
of 474 572, mainlyethnic Swedes (81%)with diverse immigrants account-
ing for the remainder of the population; the population 75 years of age
and older included 14 752 men and 26 024 women.

From July 2001 through June 2002 hospitalized AMI discharges among
residents of MSP and GB who were 30 years of age and older were iden-
tified; the present analysis focuses on the elderly, those aged 75 years and
older. In MSP, complete computerized discharge lists were provided by
each hospital and a random sample of the 1226 AMI hospitalizations
(ICD-9 code 410) was selected. Medical records for 50% of men and
100% of women were sampled. Repeat hospitalizations during the
same year were excluded. The sampling frame was guided by planned
over-sampling of women and budget constraints. In GB, medical
records for all hospitalized AMI patients during the same time period
were abstracted. Acute myocardial infarction patients were eligible for
inclusion in this study if they had chest pain and at least one cardiac bio-
marker value (CK-MB or troponin) more than twice the upper limit of
normal.

Trained nurses, supervised by physicians, abstracted information on
medical history, signs and symptoms, cardiac procedures, cardiac
enzyme levels, electrocardiograms, clinical complications, and treatment
from patient medical records. Vital status at the time of hospital discharge
was obtained from the medical record and after hospital discharge
from computer linkage with death certificate files provided by the Minne-
sota Department of Health and the Swedish National Registry. In Minne-
sota, based on the previous unpublished work, we know that the
Minnesota Department of Health has complete death certificate
records. In Sweden, survival confirmation as well as date of death for
those who died were obtained from the Swedish National Population
Registry. All-cause mortality was ascertained through 7.5 years following
hospitalization.The study protocol complies with the Declaration of Hel-
sinki and the Institutional Review Board at each study site approved the
protocol.

Hospital facilities
Of the 22 acute care hospitals in MSP 21 participated in this project
(all except one small rural facility). All of the participating hospitals had
intensive care units for AMI treatment, most had cardiologists providing
care and 12 hospitals had angioplasty/PCI facilities. These 12 hospitals
account for 76% of primary AMI admissions and transfer to these facilities
is readily available.

The two acute care hospitals in GB (Sahlgren’s Hospital and Östra
Hospital), each serving half of the city, participated. Most patients were
admitted to the coronary care unit and received treatment from fully
trained cardiologists, cardiologists in training, or internal medicine

physicians doing required 6-month cardiology training. Cardiac catheter-
ization was performed at both facilities but only one provided those ser-
vices 24 h a day, 7 days a week. Transfer to that hospital was readily
available.

Statistical analysis
Patient characteristics, cardiovascular procedures, and in-hospital and
discharge prescription medications were compared between MSP and
GB AMI patients using sex-specific generalized linear regression
models. The Kaplan–Meier survival analysis was used for an unadjusted
comparison of mortality. Cox proportional hazards regression was uti-
lized for adjusted survival analyses. Potential covariates include baseline
characteristics and guideline-based treatments. All analyses were pre-
specified sex-specific and weighted by the inverse of the sampling frac-
tion. Reported P-values are two-tailed and an a level of 0.05 was used
to assess statistical significance. All statistical analyses were performed
with SAS software (version 9.2; SAS Institute, Inc, Cary, NC, USA).

Results

Baseline characteristics
A total of 3279 hospitalized AMIs, 2311 among MSP residents and
968 among GB residents were identified; overall 1403 hospitalized
AMIs (MSP n ¼ 839, GB n ¼ 564) occurred among residents 75
years of age and older. Of the 1403 hospitalized AMIs, 662 occurred
among men (MSP n ¼ 387, GB n ¼ 275) and 741 occurred among
women (MSP n ¼ 452, GB n ¼ 289). The age distribution in MSP
and GB was similar among men as well as among women.
However, patients in MSP had significantly more prior cardiovascular
comorbidities (Table 1). Notably, despite a similar prevalence of prior
myocardial infarction among MSP and GB patients, more than twice
as many MSP patients had had a previous coronary procedure (PCI/
CABG).

Diagnostic and therapeutic procedures
During the index hospitalization, diagnostic and therapeutic proce-
dures as well as medication use differed between MSP and GB
(Table 2). The use of invasive procedures was substantially more
common in MSP; diagnostic coronary angiography was significantly
greater in MSP men (MSP: 49.4%, GB: 20.0%; P , 0.0001) and
women (MSP: 43.1%, GB: 12.1%; P , 0.0001). Subsequently, large
differences were observed in reperfusion treatment based on
cardiac angiography. Utilization of PCI, following angiography, was
more than four times as common among MSP men compared
with GB men (MSP: 32.8%, GB: 7.3%; P , 0.0001). The differential
use of PCI was similar among women (MSP: 29.4%, GB: 6.6;
P , 0.0001). Guideline-based medication use was high but differed
modestly between MSP and GB. b-Blockers were prescribed more
often in GB, while aspirin and ACE inhibitors were more common
in MSP. The differential use of duel anti-platelet therapy between
men and women in MSP and GB paralleled the differences in PCI.

Discharge medications
Prescription of discharge medications paralleled in hospital use albeit
at somewhat lower rates (Table 3). Guideline-based medication use
was common among men and women in MSP and GB. Utilization
of aspirin was high and similar in the two locations. The use of
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Table 1 Sex-specific baseline characteristics of hospitalized acute myocardial infarction patients in Göteborg, Sweden
and Minneapolis–St. Paul, USA

Men Women

MSP (n 5 387) GB (n 5 275) P-value MSP (n 5 452) GB (n 5 289) P-value

Age (mean+ SD) 82.6+7.3 82.1+5.1 0.34 84.4+5.7 83.9+5.6 0.19

Current smoker (%) 8.0 12.7 0.07 6.4 9.4 0.15

Prior history (%)

Myocardial infarction 41.1 44.9 0.39 31.6 33.8 0.54

Hypertension 70.0 48.4 ,0.0001 81.6 58.8 ,0.0001

Diabetes mellitus 30.2 21.1 0.02 22.6 18.3 0.17

Heart failure 49.1 40.0 0.04 46.5 37.4 0.01

Stroke 23.0 17.8 0.16 19.9 20.4 0.87

Cancer 18.9 20.4 0.67 16.2 14.2 0.47

PCI/CABG 37.2 13.5 ,0.0001 21.2 8.3 ,0.0001

Presentation symptoms (mean+ SD)

Systolic blood pressure 142.9+46.8 144.2+34.1 0.66 146.3+35.0 149.7+36.7 0.21

Heart rate 86.7+35.4 87.0+24.1 0.88 87.5+24.1 89.2+24.0 0.36

PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft.
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Table 2 Diagnostic and therapeutic procedures during hospitalization with acute myocardial infarction in Göteborg,
Sweden and Minneapolis–St. Paul, USA

Men Women

MSP (n 5 387) GB (n 5 275) P-value MSP (n 5 452) GB (n 5 289) P-value

ST-elevation MI 20.9 34.9 0.0002 32.5 41.2 0.02

Diagnostic procedures (%)

Coronary angiography 49.4 20.0 ,0.0001 43.1 12.1 ,0.0001

Echocardiography 52.2 48.7 0.43 60.8 38.8 ,0.0001

Exercise test 8.3 13.5 0.05 9.1 6.6 0.24

Therapeutic procedures (%)

PCI 32.8 7.3 ,0.0001 29.4 6.6 ,0.0001

Primary PCI 78.0 88.9 0.43 78.9 68.4 0.31

CABG 7.5 6.9 0.80 3.8 1.7 0.11

Medication (%)

Thrombolysis 3.6 6.9 0.07 4.6 8.0 0.06

Aspirin 93.3 86.5 0.01 93.4 87.2 0.004

Anti-platelet agents 48.3 12.0 ,0.0001 48.9 12.1 ,0.0001

b-Blockers 79.1 86.5 0.03 82.1 88.2 0.02

Calcium-channel blockers 34.4 17.1 ,0.0001 35.6 20.8 ,0.0001

Nitrates 86.6 56.0 ,0.0001 86.5 51.6 ,0.0001

Digitalis 21.2 21.1 0.98 20.1 26.0 0.06

Diuretic 68.2 68.7 0.90 72.3 73.0 0.84

ACE-inhibitors 57.6 41.5 0.0002 58.2 31.8 ,0.0001

Heparin 79.3 71.6 0.04 80.8 75.1 0.08

Lidocaine 5.7 0.7 0.01 5.3 0.0 ,0.0001

Length of stay, daysa 5.4 8.1 ,0.0001 5.7 7.6 ,0.0001

PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft.
aGeometric mean.
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b-blockers was higher in GB, while the use of ACE inhibitors and lipid
lowering agents was more common in MSP.

Mortality
Survival at the end of the study, 7.5 years, was 27.8% among MSP
patients (men: 26.6%, women: 28.8%) and 17.2% among GB patients
(men: 17.5%, women: 17.0%) (Figure 1). Mortality during the index
hospitalization was 8.3 and 14.6% among men in MSP and GB,
respectively; among women, the corresponding values were 6.2
and 13.8%. Mortality at 28 days was high and similar among men in
MSP and GB at roughly 16.5% (P ¼ 0.95). Among women, 28-day
mortality followed a similar pattern, mortality in MSP was 11.3%
and in GB was 15.6% (P ¼ 0.09).

In an attempt to explain differences in mortality, multivariable
adjusted models were created including covariates for baseline char-
acteristics (age; history of hypertension, diabetes mellitus, heart
failure, prior PCI/CABG) as well as guideline-based treatments
(PCI; thrombolysis; in-hospital use of aspirin, b-blockers, and ACE
inhibitors; discharge prescription of aspirin, b-blockers, ACE inhibi-
tors, and lipid lowering agents) and type of AMI (STEMI or non-
STEMI). The risk of death varied during follow-up between sites for
men (P ¼ 0.01) as well as women (P ¼ 0.002) (Figure 2). After adjust-
ment for covariates, at 7.5 years, mortality was superior among MSP
men [hazard ratio (HR): 0.66, 95% confidence interval (CI): 0.50–
0.88] and women (HR: 0.49, 95% CI: 0.36–0.67) compared with
GB men and women, respectively. Further adjustment for in-hospital
use and discharge prescription of anti-platelets yielded results con-
sistent with the primary analysis. In a subgroup analysis, restricted
to patients who underwent PCI, the multivariable adjusted hazard
of mortality at 7.5 years was not statistically significantly different
among men in MSP compared with GB (HR: 0.70, 95% CI: 0.37–
1.34), or among women in MSP compared with GB (HR: 0.67, 95%
CI: 0.32–1.41).

Discussion
International comparisons can provide important information
regarding medical therapy and outcomes, particularly when practices

differ. The comparison of the USA and Sweden, each with sophisti-
cated medical systems, offers unique insights into the treatment
and long-term outcomes of hospitalized AMI patients.

Geographic variability in cardiovascular resource utilization is a
well-documented phenomenon. A comparison of USA and Canadian
patients in the GUSTO-1 trial found that revascularization rates
during index hospitalization were nearly three times higher in the
USA compared with Canada (angioplasty: USA 30.5% vs. 11.4%;
bypass: USA 13.1% vs. 4.0%; P , 0.01 for both). After adjustment
for baseline characteristics, enrolment in Canada was associated
with a mortality HR of 1.17 (95% CI: 1.07–1.28; P ¼ 0.001).11 The
PURSUIT trial enrolled 10 948 patients with acute coronary syn-
dromes, including 585 in Latin America and 4358 in North
America.12 An invasive approach, including coronary angiogram,
angioplasty, and bypass surgery, was utilized significantly more
often in North America. After adjustment for baseline characteris-
tics, enrolment in Latin America remained an independent predict-
or for death at 30 days and persisted at 6 months (odds ratio: 2.5;
95% CI: 1.8–3.4).12 In the ASSENT-2 trial, countries were
grouped into tertiles based on revascularization rates (,15,
15–39, .39%) and the association with 30-day and 1-year
mortality rates were compared. After adjustment for baseline
patient characteristics, 30-day and 1-year mortality were signifi-
cantly lower in the countries with the highest revascularization
rates; the HR for 1-year mortality in the intermediate tertile com-
pared with the highest was 1.45 (95% CI: 1.08–1.95; P ¼ 0.013) and
for the lowest tertile compared with the highest was 1.32 (95% CI:
1.06–1.63; P ¼ 0.012).13

Other international comparisons have described geographic dif-
ferences in cardiovascular procedures but similar patient outcomes.
The combined GUSTO-I and GUSTO-III analysis of US and Canadian
acute ST-elevation MI patients documented a higher revasculariza-
tion rate in the USA with comparable 30-day and 1-year mortality
rates.14 While a study conducted in six countries found the rate of in-
vasive cardiac procedures, catheterization and revascularization, to
be highest in Brazil and the USA, intermediate in Canada and
Australia, and lowest in Hungary and Poland. Despite wide variation
in use of invasive procedures, mortality and myocardial infarction
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Table 3 Prescription medications at discharge among hospitalized acute myocardial infarction patients in Göteborg,
Sweden and Minneapolis–St. Paul, USA

Men Women

MSP (n 5 355) GB (n 5 235) P-value MSP (n 5 424) GB (n 5 249) P-value

Medication (%)

Aspirin 80.6 86.0 0.14 80.7 87.1 0.03

Anti-platelet agents 42.5 11.9 ,0.0001 42.0 12.9 ,0.0001

b-Blockers 73.8 85.1 0.01 74.5 86.7 0.0002

Calcium-channel blockers 22.0 14.5 0.05 21.5 16.9 0.15

Nitrates 66.5 47.2 ,0.0001 67.5 45.8 ,0.0001

Digitalis 15.5 12.3 0.35 15.1 16.5 0.64

Diuretics 45.1 62.6 0.002 50.9 67.9 ,0.0001

ACE-inhibitors 51.3 41.7 0.04 53.8 32.1 ,0.0001

Lipid lowering agents 51.8 35.9 0.001 44.8 23.7 ,0.0001
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weresimilar in all countries. Higher rates of invasiveprocedureswere
associated with lower rates of refractory angina or readmission for
unstable angina but with higher rates of stroke.15

In prior publications, we reported differences in baseline char-
acteristics, with MSP patients being younger but reporting more
prior cardiovascular comorbidities and coronary procedures (PCI/
CABG), and utilization of different treatment approaches, with GB
favouring b-blockers and MSP utilizing invasive reperfusion (PCI/
CABG). However, short- and long-term mortality were similar.9,10

The differences in baseline characteristics and AMI management
strategies persisted during the present survey among the young
(data not shown) as well as the elderly.

Despite the fact that patients 75 years of age and older comprise
between 27 and 34% of non-ST-elevation acute coronary syndrome
registries, theycomprise onlyapproximately10%of patients enrolled
in clinical trials.1,16 As a result, clinical trials rarely report results in the
elderly. Guideline-based care, including medications and invasive
procedures, is known to be lower among elderly ACS patients.17

The Euroheart study, an international cohort study including ACS
patients from 25 European countries, found that elderly ACS patients
were less intensively treated than young ACS patients and had higher
in-hospital mortality.18 However, there is evidence of benefit of an
early invasive approach among patients 75 years of age and
older.19,20 Moreover, a pooled analysis of PCI and CABG clinical
registries in the USA indicated a simultaneous improvement in
outcomes as the use of coronary revascularization among those

Figure1 Unadjusted sex-specific survival amonghospitalized acute myocardial infarctionpatients inGöteborg, SwedenandMinneapolis–St. Paul,
USA.

Figure 2 Adjusted for age; history of hypertension, diabetes mel-
litus, heart failure, PCI/CABG; PCI; thrombolysis; in-hospital use of
aspirin, b-blockers, and ACE inhibitors; discharge prescription of
aspirin,b-blockers, ACE inhibitors, and lipid lowering agents. Refer-
ence: Göteborg, Sweden. Diamonds represent men and squares
represent women.

Acute myocardial infarction in the elderly 3195



75 years and older increased.21 In a Canadian study of AMI patients at
least 80 years of age, the use of PCI and CABG as well as guideline-
based prescription medication increased over the study period.
One-year mortality improved over time but only among those who
underwent revascularization.22 An international comparison of
care among ACS patients reported that among elderly participants,
enrolment in a non-US region was associated with a lower likelihood
of cardiac catheterization compared with enrolment in the USA.23

However, even after adjustment for patient region and additional
covariates, the multivariable adjusted odds of catheterization for
each year of advancing age were 0.85 (95% CI: 0.82–0.88).23

In the present study, elderly AMI patients in MSP had a higher
prevalence of prior cardiovascular disease comorbidities and treat-
ments. Guideline-based medication use was high but somewhat
higher during hospitalization than at discharge. This finding could
be due to the discovery of side effects or intolerance during hospital-
ization or a pre-existing prescription. Notably, the prescription of
lipid-lowering agents at discharge was much higher in MSP compared
with GB. During hospitalization, the use of diagnostic coronary angi-
ographyand PCI were drastically higher in MSP than GB for both men
and women. Diagnostic angiography was uncommon among elderly
GB patients and even fewer received angioplasty. The use of thromb-
olysis was slightly higher in GB compared with MSP. Long-term mor-
talitywas loweramongMSPmenandwomencomparedwith GBmen
and women, respectively.

There are several limitations of this study. First, it is a retrospective
study with the potential for incomplete data collection. For example,
our AMI algorithm included cardiovascular symptoms and cardiac
biomarkers without the inclusion of ECG criteria. However, based
on previous work, where ECGs were analysed, few additional
cases were identified.9 This finding is corroborated by other
studies showing that ECG findings only modestly contribute to
AMI diagnosis in the absence of confirming enzymes.24 Second,
medical history data are based on self-report. Compared with
medical record review, self-report is known to result in over-
reporting of some medical conditions, including hypertension.25

Third, in examining long-term mortality, we have no information
on compliance with discharge medications or the medical care that
patients received after their index hospitalization because of
privacy regulations. As a result, in-hospital and discharge therapies
are being used as a proxy for subsequent medical care. Fourth, as
with most epidemiologic studies, the effect of residual or unmeas-
ured confounding might explain our results.

In a population-based study comparing elderly AMI patients in MSP
and GB, there were pronounced differences in the treatment of AMI,
especially the use of invasive strategies (PCI) in MSP compared with a
more conservative approach in GB. Long-term survival post-AMI
hospitalization was superior among elderly men and women in
MSP comparedwithGBpossibly related tomorepatientsundergoing
PCI in MSP.
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