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To compare ST-segment elevation myocardial infarction (STEMI) and non-STEMI (NSTEMI) mortality between

Sweden and the UK, adjusting for background population rates of expected death, case mix, and treatments.

and results

Keywords

National data were collected from hospitals in Sweden [n=73 hospitals, 180 368 patients, Swedish Web-system
for Enhancement and Development of Evidence-based care in Heart disease Evaluated According to Recommended
Therapies (SWEDEHEART)] and the UK [n=247, 662 529 patients, Myocardial Ischaemia National Audit Project
(MINAP)] between 2003 and 2013. There were lower rates of revascularization [STEMI (43.8% vs. 74.9%); NSTEMI
(27.5% vs. 43.6%)] and pharmacotherapies at time of hospital discharge including [aspirin (82.9% vs. 90.2%) and
(79.9% vs. 88.0%), B-blockers (73.4% vs. 86.4%) and (65.3% vs. 85.1%)] in the UK compared with Sweden, respec-
tively. Standardized net probability of death (NPD) between admission and 1month was higher in the UK for
STEMI [8.0 (95% confidence interval 7.4-8.5) vs. 6.7 (6.5-6.9)] and NSTEMI [6.8 (6.4-7.2) vs. 49 (4.7-5.0)].
Between 6 months and 1year and more than 1year, NPD remained higher in the UK for NSTEMI [2.9 (2.5-3.3) vs.
2.3 (2.2-2.5)] and [21.4 (20.0-22.8) vs. 18.3 (17.6-19.0)], but was similar for STEMI [0.7 (0.4-1.0) vs. 0.9 (0.7-1.0)]
and [8.4 (6.7-10.1) vs. 8.3 (7.5-9.1)].

Short-term mortality following STEMI and NSTEMI was higher in the UK compared with Sweden. Mid- and longer-
term mortality remained higher in the UK for NSTEMI but was similar for STEMI. Differences in mortality may be
due to differential use of guideline-indicated treatments.

Mortality e Acute myocardial infarction © SWEDEHEART e MINAP e Sweden o UK

1. Introduction

Outcomes of acute myocardial infarction (AMI) vary between and within
countries, suggesting that the potential to reduce the burden of cardio-
vascular disease has not been realised."™ International research may
identify potentially modifiable factors associated with geographic varia-
tion in outcomes of patients with cardiovascular (and other) diseases
through access to nationwide registries, shared resources, and special-
ized expertise.* Moreover, the study of clinical outcomes from countries

which have similar population life expectancies, healthcare system access
and disease registration processes enables variation attributable to the
delivery of cardiovascular healthcare to be identified and characterized.
International comparison studies using population-based registries are
rare and, to date, investigations of AMI outcomes have only considered
short-term survival. "™ Nowadays, when survival from AMl is at its high-
est, it is essential that international comparisons investigate longer-term
outcomes and that these are analysed in light of the high and potentially
different proportion of patients who die from non-cardiovascular
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causes.” That is, deaths attributable to AMI may differ between countries,
but this difference may not be identified when all-cause mortality is
assessed.®

To date, no international comparative studies of mortality following
ST-segment elevation myocardial infarction (STEMI) and non-STEMI
(NSTEMI), have accounted for background population rates of expected
death. Relative survival is a technique that enables country-specific cor-
rection for deaths with those of the disease of interest, and models time-
dependent effects to express differences in mortality between groups
over long follow-up periods.”'® Thus, it is particularly useful for interna-
tional comparison studies of care and outcomes.®* Given historical evi-
dence of differing AMI mortality rates between Sweden and the UK, and
taking advantage of their unique nationwide registry-based cohorts of
AMI, we investigated the net probability of short- and long-term death
by correcting for deaths from other causes and controlling for differen-
ces in demographics, comorbidities, and treatments across the two
countries.

2. Methods
2.1 Study design and participants

We included all national healthcare hospitals in Sweden (n=73) and in
England and Wales (n = 247), which provided care for patients with AMI.
Eligible patients were aged between 18 and 100 years and had been hos-
pitalized following STEMI or NSTEMI between 1 January 2003 and 30
June 2013. For multiple patient admissions, we used the first recorded
episode. Patient-level data concerning demographics, comorbidities, car-
diovascular risk factors, and guideline-indicated treatments were
extracted from the Swedish Web-system for Enhancement and
Development of Evidence-based care in Heart disease Evaluated
According to Recommended Therapies (SWEDEHEART), and the
Myocardial Ischaemia National Audit Project (MINAP). SWEDEHEART
and MINAP are population-based registries gathering outcome informa-
tion from patients hospitalized for acute coronary syndrome in Sweden
and the UK, respectively. Details of these two registries and data valida-
tion have been described previously.”>'® AMI was classified by the at-
tending Consultant as STEMI and NSTEMI according to the European
Society of Cardiology (ESC), American College of Cardiology (ACC),
and American Heart Association (AHA) guidelines." Patients with un-
stable angina or missing subtype of AMI were excluded (Figure 1).

2.2 Case-mix covariates

To account for case-mix and cardiovascular risk, we adjusted for patient-
specific information concerning age, sex, year of hospitalization, risk fac-
tors (diabetes mellitus, hypertension, smoking), prior cardiovascular dis-
eases [myocardial infarction, heart failure, percutaneous coronary
intervention (PCI), coronary artery bypass graft (CABG) surgery, cere-
brovascular disease, peripheral vascular disease (PVD)], other comorbid-
ities [chronic renal failure, chronic obstructive pulmonary disease
(COPD)], presenting clinical characteristics at hospitalization (systolic
blood pressure, heart rate, ST-segment deviation), in-hospital course
(cardiac arrest, use of loop diuretic), and guideline-indicated cardiovascu-
lar treatments. Class 1 guideline-recommended treatments included (i)
prior to hospitalization [aspirin, B blockers, angiotensin-converting en-
zyme inhibitors (ACEi)/angiotensin receptor blockers (ARB), and HMG
Co-A reductase inhibitors (statins)]; (i) during hospitalization [reperfu-
sion treatment (primary PCI, fibrinolysis) and revascularization (primary
PCI or CABG) surgery for patients with STEMI and (PCl or CABG

surgery) for patients with NSTEI"II],“"19 and (iii) at the time of discharge

from hospital (aspirin, B blockers, statins, ACEi/ARB, and P2Y12 inhibi-
tors). Findings from data quality assessment and validation through regu-
lar chart review of randomly selected patients, including data on
demographics, risk factors, and medical history, have shown 96.1%
agreement in SWEDEHEART"® and 89.5% in MINAP."

2.3 Outcomes

The primary outcome was the standardized net probability of death
(NPD) due to AMI estimated using relative survival, calculated as 1-mean
relative survival. Relative survival was defined as the ratio of observed
survival (all-cause survival) for STEMI or NSTEMI to (all-cause) survival
that would be expected in the absence of AMI in the general population
of Sweden and the UK, matched by age, sex, and year of hospitalization
for each country.

2.4 Observed survival

Data for all-cause survival were obtained through linkage to the National
Population Registry (in Sweden) and the Office for National Statistics (in
the UK) using each patient’s unique identifier number. Patients were
followed-up for their vital status after their hospitalization, with censor-
ing at the end of follow-up on 30 June 2013 (Supplementary material on-
line, Table ST7). Survival time was the duration between the date of
hospitalization and the date of death or censored at the end of the study
period, as appropriate.

2.5 Expected survival

Expected survival was derived from death data for the general popula-
tion of Sweden and England and Wales matched by age, sex, and year of
hospitalization to that of the observed survival from the SWEDEHEART
and MINAP patients, respectively. This was calculated using life tables
produced by the Human Mortality Database of Sweden (http://www.
mortality.org) and the Office for National Statistics in the UK (https://
www.ons.gov.uk).

2.6 Statistical analyses

We used percentages to describe categorical variables and means and
standard deviations (SDs) for continuous variables (all continuous varia-
bles were normally distributed). Differences in means for continuous
variables and proportions for categorical variables were tested using t
tests and two-sample tests.

We used flexible parametric survival models to calculate standardized
NPD estimates. This approach uses restricted cubic spline functions to
estimate the baseline cumulative hazard function. This enables cumula-
tive hazards to be modelled by incorporating more than one time-
dependent factor in the same model.” The base model (Model 1) was ad-
justed for age bands [<55 years, 56—<65years, 66 to <75years (refer-
ence), 76 to <85years and >85years], sex and year of hospitalization
[categories 2003-05 (reference), 2006—-08, 2009—11, and 2012-13]. We
incrementally fitted case-mix factors which included prior cardiovascular
diseases and other comorbidities (Model 2), cardiovascular risk factors,
presenting and in-hospital clinical characteristics (Model 3), reperfusion
and revascularization for STEMI and revascularization for NSTEMI
(Model 4), and the use of guideline-indicated pharmacotherapies for AMI
prior to admission and at discharge (Model 5). Given that differences in
survival may be due to differences in patient characteristics and manage-
ment between the two countries, we also calculated standardized NPD
by applying the Swedish model parameters to the UK population.
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Index admission of acute myocardial
infarction recorded in SWEDEHEART

1st January 2003 to 30th June 2013
N=216518

Records were excluded if:

Multiple AMI events per patient
N =34390

Unstable angina/unspecified N = 0
Age >100 years N = 28

Missing sex N =0

Missing survival time N = 29

Missing diagnosis N = 1703

A

Analytical cohort

Total number N = 180 368

Follow-up duration 8.5 years
Median time: 3.4 years
Interquartile range: 1.7-7.0 years

. -

Index admission of acute myocardial
infarction recorded in MINAP

1st January 2003 to 30th June 2013
N=930358

Records were excluded if:

Multiple AMI events per
patient N =125 350

Unstable angina/unspecified
N =51656

Age >100 years N = 4090
Missing sex N = 836

Missing survival time N = 45
613

Missing diagnosis N = 40 284

Analytical cohort

Total number N = 662 529

Follow-up duration 8.5 years
Median time: 2.3 years
Interquartile range: 0.9-4.0 years

. v

STEMIN =60 712 NSTEMI N = 119 656

18 465 died (30.4%) 48 482 died (40.5%)

STEMI N =263 159 NSTEMI N =399 370

58 171 died (22.1%) 128 723 died (32.2%)

Figure | STROBE diagram of exclusion of cases from the SWEDEHEART and MINAP datasets, to derive the analytical cohort.

To examine differences in shorter- and longer-term NPD between
the countries, we performed a landmark survival analysis.20 Four land-
marks were selected: (i) admission to 1-month post-discharge; (i) 1-
6 months; (i) 6 months to 1year; and (iv) 1year to date of censorship
(see Supplementary material online). The adjusted relative survival for
each landmark can be interpreted as the proportion of patients alive af-
ter a given time of follow-up compared with the general population,
whereby a ratio of 100% indicates that survival was equivalent to that of
the general population during that landmark. For the admission to 1-
month landmark analyses, pharmacotherapies at discharge were ex-
cluded from Model 5.

The proportional excess hazards assumption was assessed
by including interaction terms between three baseline variables
(age, sex, calendar year) and follow-up time and tested using
the likelihood ratio test. All tests were two-tailed, the level of
statistical significance pre-specified at 5% (P <0.05) and esti-
mates derived with 95% confidence intervals (Cls). P-values
were calculated from Z values obtained from the difference be-
tween the main effect and 95% Cls at each time point between
the two countries (see Supplementary material online). Missing
covariates were imputed using the approach suggested for

MINAP, imputing unrecorded as ‘absent’ or ‘no’.?’
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A series of sensitivity analysis were included: (i) calculating non-stan-
dardized NPDs; (ii) using non-imputed covariate data; (jii) estimating all-
cause mortality; and (iv) calculating NPDs in subset samples including (a)
patients who received invasive treatment [(STEMI, reperfusion or revas-
cularization) and (NSTEMI, revascularization)]; and (b) the latest cohort
(2010-13). Al statistical analyses were performed using Stata version
15.1 (StataCorp).

3. Results

There were 180 368 Swedish (33.7% STEMI) and 662 529 English and
Welsh patients (39.7% STEMI). In Sweden compared with the UK,
patients with STEMI were older [mean age 68.9 (SD 12.6) vs. 65.8 (SD
13.6) years]. Swedish patients more frequently had diabetes mellitus
(15.6% vs. 12.2%), heart failure (4.6% vs. 1.8%), previous CABG surgery
(3.4% vs. 2.1%), and cerebrovascular disease (7.5% vs. 4.7%). Swedish
patients less frequently had COPD (5.0% vs. 9.8%) and were smokers
(58.4% vs. 66.0%), but had more hypertension (40.2% vs. 36.3%).
Patients with STEMI in Sweden more frequently had aspirin (90.2% vs.
82.9%), B-blockers (86.4% vs. 73.4%), P2Y4, inhibitors (77.6% vs. 56.2%)
at discharge from hospital, and revascularization (74.9% vs. 43.8%).
However, statins (81.6% vs. 82.7%), ACEi or ARB (75.2% vs. 79.1%) at
discharge from hospital, and receipt of reperfusion during hospitalization
(75.7% vs. 78.9%) were higher in the UK (Table 7).

Patients with NSTEMI in Sweden, compared with the UK, less fre-
quently had chronic renal failure (3.8% vs. 5.7%), COPD (7.8% vs.
14.6%), and cardiac arrest during hospitalization (2.4% vs. 4.7%).
However, they more frequently had heart failure (12.2% vs. 6.5%), cere-
brovascular disease (11.3% vs. 8.9%), and PVD (6.8% vs. 4.7%). Patients
with NSTEMI in Sweden more frequently received aspirin (88.0% vs.
79.9%), B-blockers (85.1% vs. 65.3%), P2Y, inhibitors (63.7% vs. 50.7%)
at discharge, and revascularization during hospitalization (43.6% vs.
27.5%) and had lower rates of prescription of statins (75.1% vs. 79.0%)
and ACEi/ARBs (67.9% vs. 69.9%) at discharge (Table 1). See
Supplementary material online, Table S2 for information about missing
data.

During the 8.5 years of study follow-up, amongst patients with STEMI
there were 18 465 (30.4%) deaths after a median of 1.5 years post-AMI
[25-75% interquartile range (IQR) 0.04-4.6] in Sweden, and 58 171
(22.1%) deaths after a median of 0.1years (25-75% IQR 0.008-1.7) in
the UK. Amongst patients with NSTEMI, there were 48 482 (40.5%)
deaths after a median of 1.7 years post-AMI (25-75% IQR 0.3—4.3) in
Sweden, and 128 723 (32.2%) deaths after a median of 0.5 years post-
AMI (25-75% IQR 0.07-1.9) in the UK. The proportion of in-hospital
deaths was higher in the UK than Sweden for NSTEMI (8.1% vs. 4.8%,
P=0.001), but similar for STEMI (9.3% vs. 7.6%, P = 0.26).

3.1 Adjusted standardized NPD

For STEMI, after controlling for demographics, previous medical history,
and cardiovascular risk factors (Model 3) there was no significant differ-
ence in NPDs between Sweden and the UK {NPDs at all landmarks; be-
tween admission to 1 month [NPD (95% Cl) 6.9 (6.7-7.1) vs. 6.7 (6.6—
74)], 1-6months [1.7 (1.6-1.9) vs. 1.7 (1.4-2.0)], 6 months to 1 year
[0.8 (0.7-0.9) vs. 1.0 (0.7-1.3)], and >1year [7.7 (7.0-8.5) vs. 8.2 (7.1-
9.3)]}. However, after adjustment for reperfusion and revascularization
(Model 4), NPDs were higher in the UK compared with Sweden at all
landmarks; between admission to 1month [8.6 (8.1-9.1) vs. 6.9 (6.7—
7.1)], between 1 month and 6 months [2.4 (1.9-2.8) vs. 1.8 (1.6-1.9)],

6 months to 1year [1.4 (0.9-1.8) vs. 0.8 (0.7-1.0)], and >1year [10.7
(9.2-12.3) vs. 8.1 (7.3-8.9)]. NPDs remained higher in the UK compared
with Sweden after adjustment for pharmacotherapies (Model 5) be-
tween admission to 1 month [8.0 (7.4-8.5) vs. 6.7 (6.5-6.9)] but were
similar between 6 months to 1 year [0.7 (0.4-1.0) vs. 0.9 (0.7-1.0)] and
>1year [84 (6.7-10.1) vs. 83 (75-9.1)]. Only between 1 and
6 months was NPD higher in Sweden compared with the UK [1.8 (1.7—
2.0) vs. 1.4 (1.1-1.7)] (Figures 2 and 4 and Supplementary material online,
Table $3).

For NSTEMI, NPDs were higher in the UK compared with Sweden at
all landmarks for Model 3 between admission to 1 month [NPD (95%
Cl) 6.6 (6.3-6.8) vs. 4.9 (4.8-5.1)], T-6 months [4.3 (4.0-4.7) vs. 3.7 (3.5—
3.8)], 6 months to 1year [2.8 (25-3.2) vs. 2.2 (2.1-2.3)], and >1year
[21.0 (19.6-22.4) vs. 17.2 (16.5-17.9)]. NPDs remained higher in the UK
after further adjustment for revascularization (Model 4) between admis-
sion to 1 month [7.9 (7.5-8.3) vs. 4.9 (4.8-5.1)], 6 months to 1year [3.8
(3.34.2) vs. 2.3 (2.2-2.4)], and >1year [25.8 (24.2-27.4) vs. 17.8 (17.1—
18.5)], and pharmacotherapies (Model 5) between admission to 1 month
[6.8 (6.4-7.2) vs. 49 (4.7-5.0)], 6 months to 1 year [2.9 (2.5-3.3) vs. 2.3
(2.2-2.5)] and >1year [21.4 (20.0-22.8) vs. 18.3 (17.6-19.0)], but were
similar between 1 and 6 months [3.8 (3.3—4.2) vs. 3.8 (3.7-3.9)] and [3.6
(3.3-4.0) vs. 3.8 (3.7-4.0)] for Models 4 and 5, respectively (Figures 3 and
5 and Supplementary material online, Table S3).

3.2 Sensitivity analysis

Non-standardized NPDs were higher for STEMI and NSTEMI in the UK
compared with Sweden at all landmarks and for all models (Figures 2-5
and Supplementary material online, Table S3). Results from all-cause mor-
tality analyses are presented in Supplementary material online, Table S4
and Figures $3-S7. Results from the non-default imputed data were simi-
lar to the main analysis (Supplementary material online, Figures S8 and S9
and Tables S5 and S6). NPDs for those who received invasive treatments
are presented in Supplementary material online, Tables S7 and $S8. NPDs
for model 5 using only the latest cohort (2010-13) were similar to find-
ings from the main analysis (Supplementary material online, Figures S10
and S17).

4. Discussion

We used registry-based nationwide cohorts within a relative survival
framework to study international differences in care and short-, mid-,
and longer-term outcomes for 842 897 patients hospitalized with AMI.
This approach enabled the comparison of deaths in Sweden and the UK
that were attributable to STEMI and NSTEMI (rather than using all-cause
mortality that, nowadays, is driven predominantly by non-cardiovascular
deaths, and which may vary between countries). We found that after
adjusting for demographics, comorbidities, and treatments received, the
standardized short-term mortality was significantly higher in the UK
compared with Sweden for STEMI and NSTEMI. While mid- and long-
term mortality remained higher in the UK for NSTEMI, it was similar in
each country for STEML.

Our data show that patients who received revascularization/reperfu-
sion had a lower mortality than those who did not received treatment, in
both Sweden and the UK (Supplementary material online, Tables S7 and
$8). Whilst the rates of reperfusion for STEMI were similar between the
countries, there were higher rates of revascularization in Sweden. It is
possible that, in addition to higher rates of use of pharmacotherapies,
during the study period the more frequent use of primary PCl in Sweden
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Table I: Patient characteristics and treatments for STEMI and NSTEMI, by country

Difference in
mean (CI)*

Mean (SD) age, years
Male (%)
Year of hospitalization
2003-05
2006-08
2009-11
2012-13
Cardiovascular risk factors
Diabetes mellitus
Hypertension
Current/ex-smoker
Prior cardiovascular diseases
Myocardial infarction
Heart failure
PCI
CABG surgery
Cerebrovascular disease
PVD
Other comorbidities
Chronic renal failure
COPD
Presenting clinical characteristics
Systolic BP, mean (SD) (mmHg)
Systolic BP, <90mmHg
Heart rate, mean (SD) bpm
Heart rate, >110 bpm
ST-segment deviation
Prehospital treatment
Aspirin
p-blockers
Statins
ACEi or ARB
P2Y, inhibitors
In-hospital course
Cardiac arrest
Loop diuretic
Hospital treatment
Revascularisation
Reperfusion
Primary PCI
In-hospital fibrinolysis

68.9 (12.6)
40572 (66.8%)

17111 (28.2%
16460 (27.1%
16480 (27.1%
10661 (17.6%

222

9496 (15.6%)
24425 (40.2%)
32649 (58.4%)

7624 (12.6%)
2795 (4.6%)
3161 (5.2%)
2041 (3.4%)
4521 (7.5%)
2120 (3.5%)

1089 (1.8%)
3014 (5.0%)

1406 (30.2)
2587 (4.3%)
77.8 (21.5)
3498 (6.8%)

56750 (93.8%)

15297 (25.5%)
16 345 (27.4%)
10026 (16.7%)
13411 (25.3%)
1645 (2.7%)

3756 (6.2%)
13884 (23.0%)

45469 (74.9%)
45861 (75.7%)
7956 (62.5%)
37880 (13.1%)

Guideline-indicated treatment at discharge

Aspirin
p-blockers
Statins

ACEi or ARB
P2Y, inhibitors

54177 (90.2%
51947 (86.4%
49043 (81.6%
42442 (75.2%
46 695 (77.6%)

222

65.8 (13.6)
185 404 (70.5%)

64866 (24.7%)
74064 (28.1%)
85300 (32.4%)
38929 (14.8%)

32120 (12.2%)
95635 (36.3%)
154692 (66.0%)

29313 (11.4%)
4708 (1.8%)
12068 (4.6%)
5547 (2.1%)
12435 (4.7%)
6617 (2.5%)

5442 (2.1%)
25707 (9.8%)

135.4 (28.8%)
10755 (4.1%)
78.6 (21.3%)

72181 (27.4%)

235120 (92.7%)

33798 (14.1%)
38680 (22.2%)
55912 (30.9%)
47 630 (27.4%)
13507 (13.9%)

29112 (12.0%)
40602 (20.3%)

102 880 (43.8%)
191425 (78.9%)
79536 (33.2%)
93015 (38.8%)

196 454 (82.9%)
172781 (73.4%)
195041 (82.7%)
185082 (79.1%)
87462 (56.2%)

31(30to032)°
3.6 (42110 -3.12)°

3.5 (2810 4.3)°
-1.0 (1210 0.3)
-5.3 (-6.0 to -4.5)°
2.8 (20to 3.6)°

34 (2610 42)°
39 (32to 4.6)°
7.6 (-8.2to -7.0)°

14 (0.6 to 2.0)°
2.8 (20t0 37)°
0.6 (0.2 to 1.0)
1.3 (04 to 2.1)°
2.7 (19 to 3.6)°
1.0 (0.1to 1.8)°

03 (-1.2t0 0.6)
48 (-7.6 to -5.9)°

52 (49 to 5.5)°
02 (-0.7 to 1.0)
-0.8 (-1.0to -0.6)°
-20.7 (-21.6 t0 19.8)°
1.1 (0.8 to 1.3)°

114 (10.6 to 12.2)°
5.2 (4410 6.0)°
-14.2 (-15.0 to -13.4)°
2.1 (-29to0-1.3)°
-11.2 (122 t0 -10.2)°

-5.8 (-6.6 to -4.9)°
2.7 (19to 3.5)°

31.1 (30.6 to 31.6)°

-32(-3.7t0-2.8)°

29.3 (28.7 to 29.9)°
-25.6 (-26.5 to -24.9)°

74 (71t0 7.7)°
13.0 (12.6 to 13.4)°
1.1 (-14t0 -0.7)°
-3.8 (-4.3t0 -34)°
214 (209 to 21.9)°

NSTEMI
Sweden UK
N=119,656 N=399,370
724 (12.0) 712 (134)

74402 (62.2%)

34153 (28.6%)
33426 (27.9%)
31123 (26.1%)
20954 (17.5%)

26894 (22.5%)
57892 (48.4%)
58838 (54.3%)

29318 (24.5%)
14552 (12.2%)
10620 (8.9%)
11192 (9.4%)
13524 (11.3%)
8162 (6.8%)

4513 (3.8%)
9338 (7.8%)

149.2 (29.5)
2247 (1.9%)
83.3 (243)

11901 (11.7%)

43335 (36.9%)

51088 (42.9%)
49954 (42.1%)
33583 (28.3%)
40492 (37.8%)
6657 (5.6%)

2839 (2.4%)
29 688 (25.0%)

52144 (43.6%)
Not applicable
Not applicable
Not applicable

104407 (88.0%)
101053 (85.1%)
89096 (75.1%)
75183 (67.9%)
75725 (63.7%)

249 686 (62.5%)

106 835 (26.8%)
105525 (26.4%)
129402 (32.4%)
57608 (14.4%)

81427 (20.4%)
191025 (47.8%)
218438 (59.7%)

96254 (24.1%)
26061 (6.5%)
32767 (82%)
27219 (6.8%)
35487 (8.9%)
18560 (4.7%)

22757 (5.7%)
58349 (14.6%)

1412 (28.7%)
9868 (2.5%)
834 (23.8%)

105062 (26.3%)

110305 (30.4%)

110949 (30.1%)
90740 (32.1%)
138709 (47.5%)
113781 (40.3%)
23544 (14.0%)

17815 (4.7%)
102643 (31.1%)

87811 (27.5%)
Not applicable
Not applicable
Not applicable

289196 (79.9%)
234219 (65.3%)
248089 (79.0%)
262521 (69.9%)
120455 (50.7%)

*Difference in means for continuous variables and proportions for categorical variables.

PSignificance level <0.05.

ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; BP, blood pressure; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary
disease including asthma only for the UK; PCl, percutaneous coronary intervention; PVD, peripheral vascular disease.
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Figure 2 Adjusted standardized net cumulative probability of death for STEMI for (A) admission to 1-month post-AMI discharge; (B) 1-6 months; (C)
6 months to 1year; and (D) over 1-year post-AMI.
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Figure 3 Adjusted standardized net cumulative probability of death for NSTEMI for (A) admission to 1-month post-AMI discharge; (B) 1-6 months; (C)
6 months to 1year; and (D) over 1-year post-AMI.
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Figure 4 Adjusted net probability of death estimates with and without standardization for STEMI, in Sweden (A) and the UK (B).
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Figure 5 Adjusted net probability of death estimates with and without standardization for NSTEMI, in Sweden (A) and the UK (B).

explained some of the difference in mortality between the countries for
STEMIL. The higher NPDs found in Model 4 (after adjusting for revascu-
larization and reperfusion) in the UK, but not Sweden primarily for
STEMI patients could be, in part explained by differences in treatment
provision between Sweden and the UK. For example, if in the UK
patients who received invasive treatment were primarily those with a
more severe presentation of AMI or those considered high-risk patients
(who would therefore have also a higher risk of death regardless of the
treatment administered) and in Sweden all patients were equally likely to
receive the treatment regardless of presentation (so low-risk patients or
with less severe AMI would also benefit from the treatment), then the

estimates of mortality would increase after adjustment for invasive treat-
ment in the UK (because of the higher risk of death among patients who
received an invasive treatment) and not in Sweden. This explanation is
also supported by the finding of a higher increase in mortality following
adjustment for invasive treatment for STEMI than for NSTEMI (given all
NSTEMI were also likely to have a ‘more severe AMI’, and therefore, dif-
ferences in treatment provision between both countries would be
smaller). A similar argument may be presented for NSTEMI, whereby
earlier research found that delays to the uptake of guideline-indicated
care for NSTEMI in the UK were associated with potentially avoidable
deaths.”
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Our results are consistent with, and extend findings from previous in-
ternational comparisons of mortality."™ For our investigation, however,
we study much longer-term outcomes and present unbiased estimates
of standardized NPD by applying the Swedish model parameters to the
UK population variables—forcing the distribution of the case-mix covari-
ates to be similar across the two countries and, thus, reducing the likeli-
hood of bias in comparison. In addition, the use of a relative survival
framework is relevant to, and recommended for, international compari-
sons studies” because it corrects estimates for expected mortality rates
in the general population, thereby permitting a direct comparison of
deaths due to AMI.

This study has important implications. We have found that for both
STEMI and NSTEMI the higher mortality in the UK compared with
Sweden was associated with differences in the delivery and/or uptake of
invasive and guideline-indicated pharmacotherapies. The higher late
mortality rates among NSTEMI in the UK compared with Sweden may
also be influenced by differences in ongoing treatments in each country.
However, nationwide data concerning the persistence of pharmaco-
therapies would be required to study this. This shows that even in high
performing, high-income countries there are opportunities to improve
care and therefore outcomes. Equally, such high-resolution interrogation
of national health system performance was possible because Sweden
and the UK each have registry-based nationwide cohorts which continu-
ously collect data for clinically derived variables. This form of analysis
would be challenging with administrative and/or geographically and tem-
porally constrained cohorts.

Nevertheless, we acknowledge the study limitations. Relative survival
relies on the assumption that the survival probability of the study group
is similar to that of the reference (population) group. The main driver of
the extent of the impact of this assumption will depend on the propor-
tion of cardiovascular deaths to overall deaths in the population. We
accounted for differentials in mortality for other causes in the countries
by incorporating this information. This assumption could be called into
question for older age groups who are more likely to have multiple
comorbidities?® and might have a higher proportion of deaths due to car-
diovascular disease. This could explain the observed difference in long-
term survival between the two countries for NSTEMI. Yet, our estimates
were adjusted for comorbidities to minimize this bias and the analyses
were performed separately for STEMI and NSTEMI, which, to an extent,
also limits the potential impact of this bias. We did not correct for the
prevalence of AMI in the general population and this may have overesti-
mated the survival rates.'®?* Moreover, given that cardiovascular and
non-cardiovascular diseases are independent competing causes of death
and that the prevalence of prior AMI in Sweden and England and Wales
is small (9% and 6%, respectively; Supplementary material online, Figures
S1 and $2), further adjustment to address this would unlikely affect the
results. Despite the fact that national hospital coverage is 100% for
Sweden and the UK not all patients are captured. According to
SWEDEHEART annual report 2017, 90% of patients with Acute
Coronary syndrome are included in the registry.>> In England and Wales,
the majority of STEMI are likely to be captured but fewer NSTEMI are
recorded due to complexity of diagnosis.> We adjusted the estimates for
patient-specific information, risk factors, prior cardiovascular diseases,
and guideline-indicated cardiovascular treatments administered pre-, in-
tra-, and at discharge from hospital, but information on treatments pro-
vided during follow-up were not available in the dataset. Finally, the
completeness and accuracy across the two registries are different al-
though high.? However, our sensitivity analysis using default imputed co-
variate data showed that neither the direction nor the significance of the

results changed compared to the findings from primary analysis (see
Supplementary material online, Figures S8 and $9 and Tables S5 and S6).

5. Conclusion

The observed differences in the delivery of guideline-indicated care be-
tween Sweden and the UK, coupled with a robust statistical technique
for international comparisons of outcomes, suggests that disparities in
the delivery of invasive coronary treatments and guideline-indicated
pharmacotherapies are a contributing factor to differentials in AMI mor-
tality between countries.

Supplementary material

Supplementary material is available at Cardiovascular Research online.
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