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ABSTRACT 

Objective To examine sex-specific trends in 4-year mortality among young patients with a 

first acute myocardial infarction (AMI), 1987–2006.  

Design: Prospective cohort study 

Setting: Sweden. 

Participants: We identified 37,276 patients (19.4% women; age, 25–54 years) from the 

Swedish Inpatient Register, 1987–2006, who had survived 28 days after an AMI.  

Outcome measures: Four-year mortality from all causes, and Standard Mortality Ratio 

(SMR)  

Results From the first to last 5-year period, the absolute excess risk decreased from 1.38 to 

0.50 and 1.53 to 0.59 per 100 person-years among men aged 25–44 and 45–54 years, 

respectively. Corresponding figures for women were a decrease from 2.26 to 1.17 and from 

1.93 to 1.45 per 100 person-years, respectively. Trends for women were non-linear, 

decreasing to the same extent as those for men until the third period, then increasing. For the 

last 5-year period, the standardized mortality ratio for young survivors of AMI compared with 

the general population was 4.34 (95% confidence interval [CI]: 3.04–5.87) and 2.43 (95% CI: 

2.12–2.76) for men aged 25–44 and 45–54 years, respectively, and 13.53 (95% CI: 8.36–

19.93) and 6.42 (95% CI: 5.24–7.73) for women. Deaths not associated with cardiovascular 

causes increased from 21.5% to 44.6% in men and 41.5% to 65.9% in women, respectively. 

Conclusion Young male survivors of AMI have low absolute long-term mortality rates, but 

these rates remain 2- to 4-fold that of the general population. After favourable development 

until 2001, women now have higher absolute mortality than men and a 6- to 14-fold risk of 

death compared with healthy women.  
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Strengths and limitations of this study 

• Population-based study, that includes all patients with a first AMI, aged 25-55 years, 

in Sweden during a period of twenty years. 

• Strengths include nationwide coverage, and near-complete follow-up. 

• The main limitation is that the used register does not provide data covering clinical 

characteristics or treatment which could have been valuable to estimate their impact 

on mortality. 
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INTRODUCTION 

Survival after acute myocardial infarction (AMI) has improved during the last several decades 

in Sweden and elsewhere.1-3 Nonetheless, coronary heart disease (CHD) remains a major 

contributor to morbidity and mortality with more than one in five men and women currently 

dying from CHD in Europe.4,5 Survivors of AMI are known to have an impaired prognosis 

compared with the general population.6 In a recent UK study, the risk of death of any cause 

among survivors of a first AMI was twice that of the general English population of equivalent 

age.7 

 

Most patients with AMI are elderly; accordingly, most information on long-term survival is 

based on patients older than 55 years. However, about one in six AMI survivors is younger 

than 55 years.8 Knowledge of the prognosis among young patients with AMI is essential 

because younger patients stand to lose more of their remaining life years compared with older 

patients. This applies particularly to women because women have a longer life expectancy. 

 

Further, younger, but not older, women hospitalized with AMI have a worse long-term 

prognosis than men.9,10 However, there have since been marked changes in treatment, 

diagnostic criteria, and post-AMI prognosis. A recent study found that reductions in long-term 

mortality after 1985 were at least as high for women as for men with AMI,11 but the study did 

not specifically report findings for young patients. An additional study, found that reductions 

in mortality were similar regardless of age but that younger patients are more likely to receive 

evidence based care.12 
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Few data sets contain a sufficient number of young patients to reliably estimate risk of death 

compared with the general population. In addition, more information is needed about cause-

specific mortality, because an unknown proportion of deaths may not be due to cardiovascular 

causes, and will thus be less amenable to coronary preventive measures. In the present study, 

we examined sex-specific trends in long-term survival in a register-based cohort of patients 

aged 24–54 years hospitalized with a first AMI during 1987–2006, and compared death rates 

for men and women separately with those of the general population. 

 

METHODS 

Registers and study population 

Sweden has a publicly financed health care system, with some health care facilities privately 

run but still fully integrated into the health care system. The Swedish National Inpatient 

Register (IPR), has established complete national coverage since 1987. Positive predictive 

values differ among diagnoses in the IPR, but is generally 85–95%;.13 Diagnoses in the IPR 

are coded according to the Swedish International Classification of Diseases (ICD) system 

(ICD 8th revision until 1986, 9th revision until 1996, and 10th revision thereafter). In the 

present study, data from the IPR and the Swedish Cause of Death Registries were linked 

through personal identity numbers unique to each Swedish citizen. The Swedish Cause of 

Deaths Registries is based on diagnoses from deaths certificates and captures 99,2% of all 

deaths.14 

 

The present study included all 38,813 patients in Sweden aged 25–54 years and hospitalized 

with a first AMI in 1987–2006; AMI was defined as a principal discharge code according to 

the ICD-9: 410 (until 1996) and ICD-10: I21 (from 1997 onward). After excluding 1,537 

patients who died during the first 28 days, 37,276 patients (7,229 women and 30,047 men) 

Page 5 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

6 

 

with a first AMI remained for analysis. Data from 1980 onward were used to identify first 

AMIs only, with a time frame of 7 years throughout, to ensure that AMIs registered each year 

had the same chance of being identified as a first AMI. Criteria for a diagnosis of AMI in 

Sweden have followed established guidelines, changing after the adoption of new AMI 

criteria in the year 2000.15,16 Thus, the characteristics of the AMIs in our analysis changed 

during the study period. Use of troponins became standard after the year 2000. 

 

Comorbidities were defined by the following main or contributory discharge codes during the 

preceding 7 years, including the index hospitalization: diabetes (ICD-9 250; ICD-10 E10–

E14), hypertension (ICD-9 401–405; ICD-10: I10–I15), valvular disease (ICD-9 394–397, 

424; ICD-10 I05–I09, I34–I35), congenital heart disease (ICD-9 745–747; ICD-10 Q20–

Q26), stroke (ICD-9 431–434, 436; ICD-10 I61–I64), chronic respiratory disease (ICD-9 

490–496; ICD-10 J40–J47), malignancy (ICD-9 140–208; ICD-10 C00–C97), renal failure 

(ICD-9 584–586; ICD-10 N17–N19), coronary artery bypass grafting (3067, 3066, 3105, 

3127, FNA, FNB, FNE, FNC), and percutaneous coronary intervention (3080, FNG 00, FNG 

02, FNG 05).  

 

Follow-up 

We analysed 4-year all-cause mortality for four 5-year periods (1987–1991, 1992–1996, 

1997–2001, and 2002–2006) through the Swedish Cause of Death Registries. The following 

codes were used for assignment of causes of death among fatal cases: CVD, (390–459, I00–

I99), ischaemic heart disease (IHD) (410–414, I20–I25, stroke (430–438, I60–I68), and all 

other causes (including malignancies; 140-208, C00-C97). 

 

Statistical analysis 
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Statistical analyses were performed with SAS 9.3, (R version 2.15.1 to obtain the graphs). For 

comorbidities, χ2 tests were used to evaluate differences between men and women and for 

trends; a P-value of ≤0.05 was considered significant. To compare mean age within the 

respective age groups, t-tests were performed. 

 

Standardized mortality ratios (SMR) with 95% confidence intervals (CIs) were calculated as 

the ratio of the observed to expected number of deaths, estimated from rates in the general 

Swedish population, by age, gender, and calendar year, using life expectancy tables from 

Official Statistics of Sweden (SCB). 

 

Absolute excess risk (AER) was estimated and defined as the absolute difference between 

observed and expected mortality among all patients. The difference between observed and 

expected deaths, divided by the number of person-years at risk and multiplied by 100, was 

calculated to derive the AER. The AER calculations add a useful measure of excess risk in 

absolute terms. 

 

Cox proportional hazard regression, providing hazard ratios (HR) with 95% CIs, was used to 

estimate age, and gender-specific changes in all-cause mortality over time.17 The first period 

(1987–1991) was used as reference; The multivariate models were adjusted for age, diabetes, 

hypertension, valvular and congenital heart disease, stroke, chronic respiratory disease, 

malignancy and renal failure. Furthermore, in the final model the periods were also tested for 

proportionality by interactions of age, time and with significant comorbidities only (men 45-

54; malignancies, women, 45-54; chronic respiratory disease). 
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The Kaplan-Meier method was used to estimate the survival probability. The proportionality 

assumption of Cox regression was tested by including interactions between covariates (age, 

sex, and period) with time; neither interaction test was statistically significant.18 A log-rank 

test was conducted to study changes in survival between the time periods. 

 

RESULTS 

Of the 37,276 patients in the study, 7,905 (21.2%) were aged 25–44 years (19.6% women) 

and 29,371 (78.8%) were aged 44–54 years (19.3% women). Other than diabetes and 

hypertension (11% for both), this population had few diagnosed comorbidities (Table 1). 

Women had more diabetes, hypertension, chronic lower respiratory disease and malignancies 

than did men (P < 0.0001).  

 

Table 1. Baseline characteristics in 37,276 men and women aged <55 years with a first 

AMI, 1987–2006 

 All 

 

Men 

 

Women 

 

P-value 

Number of patients 37 276 30 047 7 229  

Age 25-44, n (%) 7 905 (21.2) 6 357 (21.2) 1 548 (21.4)  

Mean age (SD)  40.21 (3.74) 39.84 (4.04) 0.055 

Age 44-54, n (%) 29 371(78.8) 23 690 (78.8) 5 681 (78.6)  

Mean age (SD)  50.31 (2.75) 50.39 (2.76) 0.0549 

Diabetes, n (%)  4 064 (10.9) 3 017 (10.0) 1 047 (14.5) <0.0001 

Hypertension, n (%) 4110 (11.0) 3141 (10.6) 969 (13.4) <0.0001 

Valvular disease, n (%) 287 (0.77) 211 (0.70) 76 (1.05) 0.0023 
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Congenital heart disease 36 (0.10) 23 (0.08) 13 (0.18) 0.0111 

Stroke, n (%) 412 (1.11) 302 (1.01) 110 (1.52) 0.0002 

Chronic lower respiratory 

disease, n (%) 

557(1.49) 368 (1.22) 189 (2.61) <0.0001 

Malignancy, n (%)  354 (0.95) 255 (0.85) 99 (1.37) <0.0001 

Renal failure 230 (0.62) 164 (0.55) 66 (0.91) 0.0003 

CABG*, n (%) 253 (0.68) 221 (0.74) 32 (0.44) 0.007 

PCI*, n (%) 235 (0.63) 198 (0.66) 37 (0.51) 0.16 

*Procedures dating at least 6 months prior to hospitalization for AMI. 

AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; PCI, percutaneous 

coronary intervention 

 

Supplementary Table 1 shows the comorbidities for each 4-year period. All comorbidities 

except for congenital heart diseases increased significantly over time. Diabetes and 

hypertension were the most prevalent comorbidities in both men and women but the rates of 

other comorbidities remained low even in the last period (<4%). 

 

Expressed as AER for death per 100 person-years over the entire period, the overall rate was 

1.18, slightly higher for women (1.32) than for men (0.99) (Table 2). Women aged 25–44 

years had a nearly 14-fold higher risk (SMR: 13.9, 95% CI: 11.21–16.86) for death compared 

with the general population, while men of similar age had an approximately 6-fold increased 

risk (SMR: 5.99, 95% CI: 5.32–6.70). SMRs in patients aged 45–54 years were lower, namely 

3.07 (95% CI: 2.91–3.23) and 5.26 (95% CI: 4.72–5.83) in men and women, respectively. 
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Table 2. Standardized 4-year mortality ratio by age among 37,276 men and women aged 

<55 years with a first AMI, 1987–2006 

 Age Observed
a
 Expected

b
 SMR (95% CI) AR

c
 AER

d
 

Men 25-44 288 48 5.99 (5.32-6.70) 1.11 0.97 

 45-54 1348 440 3.07 (2.91-3.23) 1.42 0.99 

Women 25-44 93 7 13.9 (11.21-16.86) 1.54 1.45 

 45-54 347 66 5.26 (4.72-5.83) 1.55 1.28 

Men 25-54 1636 488 3.36 (3.19-3.52) 1.35 0.99 

Women 25-54 440 73 6.06 (5.51-6.64) 1.55 1.32 

All 25-54 2076 378 5.49 (5.25-5.73) 1.39 1.18 

aObserved number of deaths in the study population, bExpected number of deaths in the 

general population, cAbsolute risk after 4-year death per 100 person-years, dAbsolute 

excess risk after 4-year death per 100 person-years 

AMI, acute myocardial infarction; SMR, standardized 4-year mortality ratio; AR, absolute 

risk; AER, absolute excess risk 

 

Survival in men improved continuously over the four 5-year periods (Figure 1), while the 

prognosis in women improved until the third period, then reverted to a rate nearly identical to 

that in the second period (Figure 2).  

 

Table 3 shows mortality by sex, age group, and period. For men aged 25–44 years, the annual 

excess risk of dying decreased continuously from 1.38 to 0.50 deaths per 100 person-years 

from the first to last period, with an SMR of 4.34 (95% CI: 3.04–5.87) during the last 5-year 

period. Corresponding figures for men aged 45–54 were a decrease from 1.53 to 0.59 with an 

SMR of 2.43 (95% CI: 2.12–2.76) in the last period (2002–2006). Women displayed more 

Page 10 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

11 

 

complicated trends, starting from higher absolute risks of dying compared with men, 

decreasing sharply until a nadir in 1997–2001, and then increasing to 1.17 and 1.45 deaths per 

100 person-years in women aged 25–44 and 45–54, respectively, in the last period. This was 

more than twice the risk in men of the corresponding age groups. Very high SMRs were 

noted, particularly for the youngest women, at 13.53 (95% CI: 8.36–19.93) in the last period 

and 6.42 (5.24–7.73) in women aged 45–54 years. 

 

In men aged 25–44 years, the mortality risk decreased by 70% during the study period 

(multivariable adjusted HR: 0.30, 95% CI: 0.20–0.44). A similar decrease was seen in men 

aged 45–54 years (multivariable adjusted HR: 0.32, 95% CI: 0.27–0.38). Women aged 25–44 

years had an overall decline in mortality risk of approximately 50% (multivariable adjusted 

HR: 0.47, 95% CI: 0.27–0.83). No significant decrease in mortality risk in the last, compared 

with the first period was observed in women aged 45–54 years (age-adjusted HR: 0.77, 95% 

CI: 0.59–1.02), but after adjustment for comorbidities there was a significant decrease in risk 

(HR: 0.53, 95% CI: 0.39–0.71). 
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Table 3. Observed versus expected mortality ratio, estimated over 4 years, standardized mortality ratio, absolute risk, 

absolute excess risk, and hazard ratio for mortality by age group and period among 37,276 men and women aged <55 

years with a first AMI 

Age, Period Observed
a
 Expected

b
 SMR (95% CI) AR

c 
AER

d
 HR (95% CI)

e
 HR (95% CI)

f
 

Men 25-44        

1987-1991 113 16 6.88 (5.67–8.20) 1.61 1.38 1.0 (ref) 1.0 (ref) 

1992-1996 81 13 6.16 (4.89–7.57) 1.25 1.05 0.76 (0.57–1.01) 0.73 (0.55–0.98) 

1997-2001 58 10 5.70 (4.33–7.27) 1.00 0.83 0.60 (0.43–0.82) 0.53 (0.38–0.73) 

2002-2006 36 8 4.34 (3.04–5.87) 0.65 0.50 0.41(0.28–0.60) 0.30 (0.20–0.44) 

Men 45-54        

1987-1991 465 125 3.72 (3.39–4.07) 2.10 1.53 1.0 (ref) 1.0 (ref)g 

1992-1996 379 119 3.20 (2.88–3.53) 1.56 1.07 0.74 (0.65–0.85) 0.70 (0.61–0.81) 
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1997-2001 289 108 2.69 (2.39–3.00) 1.22 0.77 0.57 (0.49–0.66) 0.50 (0.43–0.58) 

2002-2006 215 89 2.43 (2.12–2.76) 0.99 0.59 0.47 (0.40–0.56) 0.32 (0.27–0.39) 

Women 25-44        

1987-1991 34 2 17.55 (12.15–23.94) 2.39 2.26 1.0 (ref) 1.0 (ref) 

1992-1996 28 2 17.99 (11.95–25.27) 2.17 2.05 0.93 (0.56–1.55) 0.85 (0.51–1.42) 

1997-2001 10 2 6.07 (2.89–10.42) 0.63 0.52 0.27 (0.13–0.55) 0.28 (0.14–0.56) 

2002-2006 21 2 13.53 (8.36–19.93) 1.26 1.17 0.55 (0.32–0.94) 0.47(0.27–0.83)  

Women 45-54        

1987-1991 101 15 6.90 (5.62–8.31) 2.25 1.93 1.0 (ref) 1.0 (ref) h 

1992-1996 76 16 4.63 (3.65–5.73) 1.45 1.14 0.64 (0.48–0.87) 0.56 (0.42–0.76) 

1997-2001 68 19 3.58 (2.78–4.48) 1.08 0.78 0.49 (0.36–0.66) 0.44 (0.32–0.60) 

2002-2006 102 16 6.42 (5.24–7.73) 1.72 1.45 0.77 (0.59–1.02) 0.53 (0.39–0.71) 
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aObserved number of deaths in the study population, bExpected number of deaths in the general population, cAbsolute risk after 4-year death per 

100 person-years, dAbsolute excess risk after 4-year death per 100 person-years, e Age adjusted, f Multiadjusted for age, diabetes, hypertension, 

valvular, congenital heart disease, stroke, chronical respiratory disease, malignancy and renal failure. Adjusted for changes and interaction over 

time, malignancy (g), chronic respiratory disease (h). 

AMI, acute myocardial infarction; SMR, standardized mortality ratio; AR, absolute risk; AER, absolute excess risk; HR, hazard ratio; CI, 

confidence interval 

Page 14 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

15 

 

Table 4 shows causes of death for the 2,076 deaths that occurred within 4 years in this cohort. 

Overall, three of four deaths in men were due to CVD (68.2%) with the majority (61.0%) due 

to IHD, leaving 31.8 % due to other causes, including 10.8% due to malignancies. Women 

displayed a different pattern, with 47.5% due to CVD (41.1% due to IHD), and 52.5% due to 

other causes (18.4% due to malignancies). 

 

Table 4. Causes of 2,076 deaths within 4 years among patients aged <55 years with a 

first AMI
a
 during 1987–2006 

Cause of death Total n (%) Men n (%) Women n 

(%) 

P-value 

 2076 1636 440  

CVD
b
 1325 (63.8) 1116 (68.2) 209 (47.5) <0.0001 

IHD
c
 1179 (56.8) 998 (61.0) 181 (41.1) <0.0001 

Stroke 41 (1.97) 31 (1.89) 10 (2.27) 0.6131 

All other causes 751 (36.2) 520 (31.8) 231 (52.5) <0.0001 

Malignancies 257 (12.4) 176 (10.8) 81 (18.4) <0.0001 

aAMI, acute myocardial infarction; bCVD, cardiovascular disease;  cIHD, ischaemic heart 

disease; 

 

In 1987–1991, 74,8% of all deaths within 4 years were due to CVD (78.6% for men and 

58.5% for women). However, during the last period, only 48.4% of all deaths were due to 

CVD (55.4% for men and, notably, only 34.1% for women) (Supplementary Table 2). 

 

DISCUSSION 

The present study showed that young male survivors of AMI have low absolute long-term 

mortality rates; however, these rates remain between 2- and 4-fold those of the general 
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population. After a favourable development in younger women until 2001, when new criteria 

for AMI were adopted and troponins became standard, women had higher absolute mortality 

than men in the last period and showed a dramatically higher risk of death than healthy 

women. However, fewer than half of all deaths in women were due to CVD in the last period. 

 

Few studies have specifically investigated long-term outcomes in young patients with AMI. 

One Swedish study based on the Register of Information and Knowledge about Swedish Heart 

Intensive Care Admissions (RIKS-HIA)19 investigated all consecutive patients younger than 

46 years treated for ST-elevation myocardial infarction (STEMI) in Sweden, 1995–2006 

(1,748 men, 384 women). Long-term annual mortality was around 1% with no difference 

between men and women, similar to our study. Accordingly, in absolute terms and consistent 

with prior publications from our group,1 annual mortality rates in AMI survivors younger than 

55 years are estimated at about 1%. This is in contrast to older patients in Sweden, among 

whom annual mortality rates are about 6% for those aged 65–74 years and more than 12% 

among patients aged 75–84 years).1 The current low absolute mortality figures are a vast 

improvement on prior estimates. In a retrospective analysis of 23 published studies from the 

prethrombolytic era, the annual death rate after the first year in patients with a first AMI was 

5% regardless of age or gender.20 In the late 1980s, the annual mortality for patients younger 

than 55 years was about 2%.1  

 

There are several reasons for the observed decrease in mortality in younger patients with 

AMI. First, several pharmacological and coronary interventions were developed and 

implemented during the study period. Nauta et al 2013 showed that patient <55 received 

evidence-based medical care and reperfusion to a greater extent than elderly patients.12 

Second, some of the decrease is likely due to changes in diagnostic criteria during the study 
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period, as well as more sensitive methods.15,21 This may imply that less severe AMIs are 

detected, with improved survival, but less specificity, as evidenced by increased comorbidities 

over time and a higher proportion of non-CVD deaths in the last period. Third, there have 

been changes in clinical presentation, with less severe infarctions,22,23 and fewer STEMIs.24 

Factors that affect the risk of developing STEMI rather than non-STEMI include smoking24 

and cardioprotective medications that lower the risk.25 Declining smoking rates and more 

medications used in primary prevention could thus have contributed to milder infarctions and 

better survival. Comorbidities increased during the study period. However, this can probably 

be derived to improvements in clinical reporting. The striking increase in hypertension can 

also probably be attributed to changes in criteria and guidelines management by the WHO.26 

 

There was a continuous decrease in case fatality among men; however, rates in women did 

not follow the same pattern as in men. Mortality in women decreased until the third period 

and then increased during the fourth period to the nearly the same level as in the second 

period. This may have been due to chance because the numbers were limited. However, it 

could also reflect differences in diagnostics. With increasing use of troponins, the rate of 

detection has increased, and this effect could be stronger for women than for men. In a study 

that simultaneously measured CK-MB and troponin,27 a 64% and 95% increase in the AMI 

rate among men and women, respectively, was observed when using troponins. Accordingly, 

the increasing mortality among women hospitalized in 2002–2006 could be due to the capture 

of other and more complicated types of myocardial damage because an increase in troponin 

levels is also seen in other conditions.28  Even so, comorbidities, although increasing over 

time, were still low in the most recent period. 
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Few studies have compared mortality rates in young patients with AMI with those in the 

general population. A record linkage of hospital and mortality data identified 387,452 

individuals in England, hospitalized with a main diagnosis of AMI in 2004–2010 and who 

survived at least 30 days.7 Long-term risk of death of any cause among survivors of a first 

AMI was twice that in the English general population of equivalent age, highest among 

younger patients aged 55–64 years (about 2- to 3-fold for men and women, respectively), and 

approached the mortality rate of the general population for those aged 85 years or more. 

Estimates for individuals younger than 55 years were not stated. For the period corresponding 

to that in the study by Smolina et al.7 we found mortality ratios of 4.3 and 2.4 for men aged 

25–44 and 45–54 years, respectively. For women aged 25–44 years, the estimated mortality 

ratio was 13.5, but this was based on very few cases (about four deaths per year). The 

estimate of 6.4 for women aged 45–54 years should be more reliable. It should be noted that 

women in the general population in this age range have very low mortality rates, which 

partially explains the high SMRs in women.  

 

The main limitation in the present study is the reliance on administrative registers with no 

details of clinical characteristics, such as biomarkers, electrocardiographic findings, smoking, 

medication, hyperlipidemia or family history, and a lack of other clinical information, notably 

hospital treatment and clinical presentation. Also, we were unable to apply uniform criteria 

for diagnosis over time. However, the findings should be applicable to current patients with 

AMI in an industrialized modern country. The quality of the data is obviously of fundamental 

importance, but validation studies of the IPR indicate reasonable accuracy.13,29 Incorrect death 

certificates could lead to uncertainty with respect to attributing cause of death14, but IHD 

diagnoses has been estimated to be correct in 87%  although the data from this study were 

collected two decades ago. 30 
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The strengths of the study include nationwide coverage with virtually no loss to follow-up and 

the large sample size. Given the low mortality in absolute terms, larger populations are 

needed, particularly for women, because they constitute less than 20% of the AMI population 

younger than 55 years.  

 

Conclusions 

These data extend and update what is currently known about sex-specific absolute and relative 

survival in patients with AMI younger than 55 years, with a large population of more than 

35,000 cases during a 20-year period. Among patients surviving for 28 days after AMI, the 

annual mortality rates are now comparatively low at approximately 1%. Given the much 

lower mortality in this age group in the general population, young survivors of AMI, 

particularly women, remain at a much higher risk of death, much of this, however, due to non-

CVD causes. Accordingly, while mortality is low in absolute terms, younger women with 

AMI lose the survival advantage women normally have over men. Additional strategies to 

bring mortality closer to that which would be expected for this age group are needed, in 

particular for women. 
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FIGURE LEGENDS 

 

Figure 1 Four-year trend in survival probability by period and time among men (n 30 047) 

aged 25–54 years with a first AMI 

 

Figure 2 Four-year trend in survival probability by period and time among women (n 7 229) 

aged 25–54 years with a first AMI 
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Figure 1, Four-year trend in survival probability by period and time among men (n 30 047) aged 25–54 
years with a first AMI  
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Figure 2 Four-year trend in survival probability by period and time among women (n 7 229) aged 25–54 
years with a first AMI  
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Supplemental Table 1: Baseline characteristics by period among 37,276 men and women with a first AMI, 1987–2006 

  1987-1991 1992-1996 1997-2001 2002-2006 p for trend 

Number of patients  Men 7628 (83.1) 7946 (82.4) 7558 (79.0) 6915 (77.9)  

Number of patients  Women 1556 (16.9) 1693 (17.6) 2014 (21.0) 1966 (22.1)  

Diabetes Men 542 (7.11) 728 (9.16) 814 (10.8) 933 (13.5) <.0001 

 Women  200 (12.9) 244 (14.4) 276 (13.7) 327 (16.6) 0.0043 

Hypertension Men 451 (5.91) 655 (8.24) 807 (10.7) 1228 (17.8) <.0001 

 Women  106 (6.81) 188 (11.1) 252 (12.5) 423 (21.52) <.0001 

Valvular disease Men 35 (0.47) 34 (0.43) 53 (0.70) 89 (1.29) <.0001 

 Women  11 (0.71) 16 (0.95) 17 (0.84) 32 (1.63) 0.0125 

Congenital heart disease  Men 7 (0.09) 1 (0.01) 6 (0.08) 9 (0.13) 0.2212 

 Women  1 (0.06) 3 (0.18) 4 (0.20) 5 (0.25) 0.1981 

Stroke Men 36 (0.47) 52 (0.65) 40 (0.53) 174 (2.52) <.0001 

 Women 10 (0.64) 18 (1.06) 21 (1.04) 61 (3.10) <.0001 

Chronic lower resp disease Men 61 (0.80) 77 (0.97) 86 (1.14) 144 (2.08) <.0001 

 Women  26 (1.67) 41 (2.42) 46 (2.28) 76 (3.87) 0.0001 
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Malignancy Men 11 (0.14) 24 (0.30) 55 (0.73) 165 (2.39) <.0001 

 Women  10 (0.64) 17 (1.00) 14 (0.70) 58 (2.95) <.0001 

Renal failure Men  7 (0.09) 25 (0.31) 47 (0.62) 85 (1.23) <.0001 

 Women  3 (0.19) 15 (0.89) 13 (0.65) 35 (1.78) <.0001 
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Supplemental Table 2: Cause of death by period for 2,076 deaths within 4 years among 

patients with a first AMI during 1987–2006 

Cause of death Total n (%) Men n (%) Women n 

(%) 

p-value 

1987-1991 713 578 (81.1) 135 (18.9)  

CVD 533(74.8) 454(78.6) 79 (58.5) <.0001 

IHD 481 (67.5) 405 (70.1) 76 (56.3) 0.0021 

Stroke 18 (2.52) 16(2.77) 2 (1.48) 0.3909 

All other causes  180 (25.3) 124 (21.5) 56 (41.5) <.0001 

Malignancies 55 (7.71) 39 (6.75) 16 (11.9) 0.0454 

1992-1996 564 460 (81.6) 104 (18.4)  

CVD 369 (65.4) 318 (69.1) 51 (49.0) <.0001 

IHD  337 (59.8) 295 (64.1) 42 (40.4) <.0001 

Stroke 6 (1.06) 5 (1.09) 1 (0.96) 0.9104 

All other causes  195 (34.6) 142 (30.9)  53 (51.0) <.0001 

Malignancies 79 (14.01) 57 (12.4) 22 (21.2) 0.0201 

1997-2001 425 347 (81.7) 78 (18.4)  

CVD 242 (56.9) 205 (59.1) 37 (47.4) 0.0606 

IHD  216 (50.8) 182 (52.5) 34 (43.6) 0.1573 

Stroke 5 (1.18) 3 (0.86) 2 (2.56) 0.2084 

All other causes  183 (43.1) 142 (40.9) 41 (52.6) 0.0606 

Malignancies 63 (14.8) 52(15.0) 11 (14.1) 0.8428 

2002-2006 374 251 (67.1) 123 (32.9)  

CVD 181 (48.4) 139 (55.4) 42 (34.1) 0.0001 

IHD  145 (38.8) 116 (46.2) 29 (23.6) <0.0001 
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Stroke 12 (3.21) 7 (2.79) 5 (4.07) 0.5106 

All other causes  193 (51.6) 112 (44.6) 81(65.9)  0.00001 

Malignancies 60 (16.0) 28 (11.2) 32 (26.0) 0.0002 

AMI, acute myocardial infarction; IHD, ischaemic heart disease; CVD, cardiovascular 

disease 
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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Item 

No Recommendation 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 

 

Title: Sex-specific trends in survival in 37,276 men and women with acute 

myocardial infarction before the age of 55 years in Sweden, 1987–2006. 

Prospective cohort study. 

 

(b) Provide in the abstract an informative and balanced summary of what was done 

and what was found 

 

Please see page 2 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 

 

Please see page 4-5 

Objectives 3 State specific objectives, including any prespecified hypotheses 

 

Please see page 5 

Methods 

Study design 4 Present key elements of study design early in the paper 

 

Please see page 5 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection 

 

Please see page 5-6 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

 

Please see page 5-6 

 

Case-control study—Give the eligibility criteria, and the sources and methods of 

case ascertainment and control selection. Give the rationale for the choice of cases 

and controls 

 

N/A 

Cross-sectional study—Give the eligibility criteria, and the sources and methods of 

selection of participants 

 

N/A 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed 

N/A 
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Case-control study—For matched studies, give matching criteria and the number of 

controls per case 

N/A 

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

 

Please see page 5-6 

Data sources/ 

measurement 

8* For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if there 

is more than one group 

Please see page 5-6 

Bias 9 Describe any efforts to address potential sources of bias 

 

N/A 

Study size 10 Explain how the study size was arrived at 

 

N/A. All patients in Sweden in the relevant age group were included. 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

 

Please see page 6 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 

 

Please see page 7-8 

(b) Describe any methods used to examine subgroups and interactions 

 

Please see page 7-8 

(c) Explain how missing data were addressed 

 

N/A 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

 

Loss to follow-up negligible 

 

Case-control study—If applicable, explain how matching of cases and controls was 

addressed 

N/A 

Cross-sectional study—If applicable, describe analytical methods taking account of 

sampling strategy 

N/A 

(e) Describe any sensitivity analyses 

 

N/A 

Continued on next page
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Results 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, 

examined for eligibility, confirmed eligible, included in the study, completing follow-up, and 

analysed 

 

Please see page 5 

(b) Give reasons for non-participation at each stage 

 

N/A 

(c) Consider use of a flow diagram 

 

N/A 

Descriptive 

data 

14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information 

on exposures and potential confounders 

 

Please see page 5-6 

(b) Indicate number of participants with missing data for each variable of interest 

 

N/A 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 

 

Please see page 6 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 

 

Please see Table 2 and 3 , and page 15. 

Case-control study—Report numbers in each exposure category, or summary measures of 

exposure 

 

N/A 

Cross-sectional study—Report numbers of outcome events or summary measures 

 

N/A 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and 

why they were included 

 

Please see Table 2 and 3, and statistical methods. 

 

(b) Report category boundaries when continuous variables were categorized 

 

Done 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful 

time period 

 

Please see Tables 2 and 3. 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
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analyses 

 

Please see page 15 

Discussion 

Key results 18 Summarise key results with reference to study objectives 

 

Please see page 15-16 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias 

 

Please see page 18-19 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity 

of analyses, results from similar studies, and other relevant evidence 

 

Please see page 15-19 

Generalisability 21 Discuss the generalisability (external validity) of the study results 

 

Please see page 18 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, 

for the original study on which the present article is based 

 

Please see page 19 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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ABSTRACT 

Objective To examine sex-specific trends in 4-year mortality among young patients with a 

first acute myocardial infarction (AMI), 1987–2006.  

Design: Prospective cohort study 

Setting: Sweden. 

Participants: We identified 37,276 cases (19.4% women; age, 25–54 years) from the 

Swedish Inpatient Register, 1987–2006, who had survived 28 days after an AMI.  

Outcome measures: Four-year mortality from all causes, and Standard Mortality Ratio 

(SMR)  

Results From the first to last 5-year period, the absolute excess risk decreased from 1.38 to 

0.50 and 1.53 to 0.59 per 100 person-years among men aged 25–44 and 45–54 years, 

respectively. Corresponding figures for women were a decrease from 2.26 to 1.17 and from 

1.93 to 1.45 per 100 person-years, respectively. Trends for women were non-linear, 

decreasing to the same extent as those for men until the third period, then increasing. For the 

last 5-year period, the standardized mortality ratio for young survivors of AMI compared with 

the general population was 4.34 (95% confidence interval [CI]: 3.04–5.87) and 2.43 (95% CI: 

2.12–2.76) for men aged 25–44 and 45–54 years, respectively, and 13.53 (95% CI: 8.36–

19.93) and 6.42 (95% CI: 5.24–7.73) for women. Deaths not associated with cardiovascular 

causes increased from 21.5% to 44.6% in men and 41.5% to 65.9% in women, respectively. 

Conclusion Young male survivors of AMI have low absolute long-term mortality rates, but 

these rates remain 2- to 4-fold that of the general population. After favourable development 

until 2001, women now have higher absolute mortality than men and a 6- to 14-fold risk of 

death compared with women in the general population.  
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Strengths and limitations of this study 

• Population-based study, that includes all cases with a first AMI, aged 25-55 years, in 

Sweden during a period of twenty years. 

• Strengths include nationwide coverage, and near-complete follow-up. 

• The main limitation is that the used register does not provide data covering clinical 

characteristics or treatment which could have been valuable to estimate their impact 

on mortality. 
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INTRODUCTION 

Survival after acute myocardial infarction (AMI) has improved during the last several decades 

in Sweden and elsewhere.1-3 Nonetheless, coronary heart disease (CHD) remains a major 

contributor to morbidity and mortality with more than one in five men and women currently 

dying from CHD in Europe.4,5 Survivors of AMI are known to have an impaired prognosis 

compared with the general population.6 In a recent study from England, the long-term risk of 

death of any cause among survivors of a first AMI was twice that of the general English 

population of equivalent age.7 

 

Most patients with AMI are elderly; accordingly, most information on long-term survival is 

based on patients older than 55 years. However, about one in six AMI survivors is younger 

than 55 years.8 Knowledge of the prognosis among young patients with AMI is essential 

because younger patients stand to lose more of their remaining life years compared with older 

patients. This applies particularly to women because women have a longer life expectancy. 

 

Further, younger, but not older, women hospitalized with AMI have a worse long-term 

prognosis than men as shown in analyses of patient populations dating from the 1980s and 

1990s.9,10 However, there have since been marked changes in treatment, diagnostic criteria, 

and post-AMI prognosis. A recent study found that reductions in long-term mortality after 

1985 were at least as high for women as for men with AMI,11 but the study did not 

specifically report findings for young patients. An additional study, found that reductions in 

mortality were similar regardless of age but that younger patients are more likely to receive 

evidence based care.12 
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Few data sets contain a sufficient number of young patients to reliably estimate risk of death 

compared with the general population. In addition, more information is needed about cause-

specific mortality, because an unknown proportion of deaths may not be due to cardiovascular 

causes, and will thus be less amenable to coronary preventive measures. In the present study, 

we examined sex-specific trends in long-term survival in a register-based cohort of patients 

aged 25–54 years hospitalized with a first AMI during 1987–2006, and compared death rates 

for men and women separately with those of the general population. 

 

METHODS 

Registries and study population 

Sweden has a publicly financed health care system, with some health care facilities privately 

run but still fully integrated into the health care system. The Swedish National Inpatient 

Register (IPR), has established complete national coverage since 1987. One study stated that 

positive predictive values (PPV) differ among diagnoses in the IPR, but are generally 85–

95%. PPV for myocardial infarction was about 98-100% and the sensitivity was 77-91.5%.13 

Another validation study concluded that the accuracy of correct diagnosis in AMI was 86 % 

regardless (1987-1995) of age and gender. 14 More recent data are lacking. Diagnoses in the 

IPR are coded according to the Swedish International Classification of Diseases (ICD) system 

(ICD 8th revision until 1986, 9th revision until 1996, and 10th revision thereafter). In the 

present study, data from the IPR and the Swedish Cause of Death Register were linked 

through personal identity numbers unique to each Swedish citizen. The Cause of Death 

Register is based on diagnosis from death certificates. In 2008, 0.8% of death certificates 

were missing or insufficient (2.7%) 15. Validity for a correct diagnosis of ischemic heart 

disease in the general population in 1995 was 87%.16 
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The present study included all 38,836 cases (31216 men, 7620 women) in Sweden aged 25–

54 years, discharged from hospital after a first AMI in 1987–2006; AMI was defined as a 

principal discharge code according to the ICD -8 : 410 (until 1987), ICD-9: 410 (until 1996) 

and ICD-10: I21 (from 1997 onward). After excluding 1,560 cases who died during the first 

28 days 1169 men (3.01% of cases) median age; 50, and 391 women (1.01% of cases) median 

age; 49.0, 37,276 cases (7,229 women and 30,047 men) with a first AMI remained for 

analysis. Data from 1980 onward were used to identify first AMIs only, with a time frame of 

7 years throughout, to ensure that AMIs registered each year had the same chance of being 

identified as a first AMI. Due to the 7-years time frame, 443 cases were recurrent AMI after 

seven years (53 women median age; 52, 390 men median age; 51) Criteria for a diagnosis of 

AMI in Sweden have followed established guidelines, changing after the adoption of new 

AMI criteria in the year 2000.17,18 Thus, the characteristics of the AMIs in our analysis 

changed during the study period. Use of troponins became standard after the year 2000. 

 

Comorbidities were defined by the following main or contributory discharge codes during the 

preceding 7 years, including the index hospitalization: diabetes (ICD-9 250; ICD-10 E10–

E14), hypertension (ICD-9 401–405; ICD-10: I10–I15), valvular disease (ICD-9 394–397, 

424; ICD-10 I05–I09, I34–I35), congenital heart disease (ICD-9 745–747; ICD-10 Q20–

Q26), stroke (ICD-9 431–434, 436; ICD-10 I61–I64), chronic respiratory disease (ICD-9 

490–496; ICD-10 J40–J47), malignancy (ICD-9 140–208; ICD-10 C00–C97), renal failure 

(ICD-9 584–586; ICD-10 N17–N19), coronary artery bypass grafting (3067, 3066, 3105, 

3127, FNA, FNB, FNE, FNC), and percutaneous coronary intervention (3080, FNG 00, FNG 

02, FNG 05).  

 

Follow-up 
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We analysed 4-year all-cause mortality for four 5-year periods (1987–1991, 1992–1996, 

1997–2001, and 2002–2006) through the Swedish Cause of Death Register. The following 

codes were used for assignment of causes of death among fatal cases: CVD, (390–459, I00–

I99), ischaemic heart disease (IHD) (410–414, I20–I25, stroke (430–438, I60–I68), and all 

other causes (including malignancies; 140-208, C00-C97). 

 

Statistical analysis 

Statistical analyses were performed with SAS 9.3, (R version 2.15.1 to obtain the graphs). For 

comorbidities, χ2 tests were used to evaluate differences between men and women and for 

trends; a P-value of ≤0.05 was considered significant. To compare mean age within the 

respective age groups, t-tests were performed. 

 

Standardized mortality ratios (SMR) with 95% confidence intervals (CIs) were calculated as 

the ratio of the observed to expected number of deaths, for 4-year follow up by each period 

,estimated from rates in the general Swedish population, by gender, age and calendar year, 

using life expectancy tables from Official Statistics of Sweden (SCB). 

 

To examine the excess mortality risk in the study population the absolute risk (AR) was 

calculated separately for both the general population and the study population by dividing the 

observed mortality with person time. This yields an average annual excess risk for each 

period. The absolute excess risk (AER) is the difference between the observed and the 

expected AR. For standardization purposes, the estimates were then multiplied by 100 person-

years. The AER calculations add a useful measure of excess risk in absolute terms. Life 

expectancy tables from Official Statistics of Sweden (SCB) were used to calculate the 

expected mortality in the Swedish general population by gender, age and calendar year. 
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Cox proportional hazard regression, providing hazard ratios (HR) with 95% CIs, was used to 

estimate age, and gender-specific changes in all-cause mortality over time.19 The first period 

(1987–1991) was used as reference; The multivariable models were adjusted for age, diabetes, 

hypertension, valvular and congenital heart disease, stroke, chronic respiratory disease, 

malignancy and renal failure. Furthermore, in the final model the periods were also tested for 

proportionality by interactions of age, time and with significant comorbidities only (men 45-

54; malignancies, women, 45-54; chronic respiratory disease). 

 

The Kaplan-Meier method was used to estimate the survival probability. The proportionality 

assumption of Cox regression was tested by including interactions between covariates (age, 

gender, and period) with time; neither interaction test was statistically significant.20 A log-

rank test was conducted to study changes in survival between the time periods. 

 

RESULTS 

Of the 37,276 cases in the study, 7,905 (21.2%) were aged 25–44 years (19.6% women) and 

29,371 (78.8%) were aged 44–54 years (19.3% women). Other than diabetes and hypertension 

(11% for both), this population had few diagnosed comorbidities (Table 1). Women had more 

diabetes, hypertension, chronic lower respiratory disease and malignancies than did men (P < 

0.0001).  

 

Table 1. Baseline characteristics in 37,276 men and women aged <55 years with a first 

AMI, 1987–2006 

 All Men Women P-value 
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Number of cases 37 276 30 047 7 229  

Age 25-44, n (%) 7 905 (21.2) 6 357 (21.2) 1 548 (21.4)  

Mean age (SD)  40.21 (3.74) 39.84 (4.04) 0.055 

Age 44-54, n (%) 29 371(78.8) 23 690 (78.8) 5 681 (78.6)  

Mean age (SD)  50.31 (2.75) 50.39 (2.76) 0.0549 

Diabetes, n (%)  4 064 (10.9) 3 017 (10.0) 1 047 (14.5) <0.0001 

Hypertension, n (%) 4110 (11.0) 3141 (10.6) 969 (13.4) <0.0001 

Valvular disease, n (%) 287 (0.77) 211 (0.70) 76 (1.05) 0.0023 

Congenital heart disease 36 (0.10) 23 (0.08) 13 (0.18) 0.0111 

Stroke, n (%) 412 (1.11) 302 (1.01) 110 (1.52) 0.0002 

Chronic lower respiratory 

disease, n (%) 

557(1.49) 368 (1.22) 189 (2.61) <0.0001 

Malignancy, n (%)  354 (0.95) 255 (0.85) 99 (1.37) <0.0001 

Renal failure 230 (0.62) 164 (0.55) 66 (0.91) 0.0003 

CABG*, n (%) 253 (0.68) 221 (0.74) 32 (0.44) 0.007 

PCI*, n (%) 235 (0.63) 198 (0.66) 37 (0.51) 0.16 

*Procedures dating at least 6 months prior to hospitalization for AMI. 

AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; PCI, percutaneous 

coronary intervention 

 

Supplementary Table 1 shows the comorbidities for each 4-year period. All comorbidities 

except for congenital heart diseases increased significantly over time. Diabetes and 

hypertension were the most prevalent comorbidities in both men and women but the rates of 

other comorbidities remained low even in the last period (<4%). 

Page 9 of 61

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

10 

 

During the study period (1987-2006) annual rate per 100.000 population in men and women 

aged 25-54 years surviving a first AMI for at least 28 days decreased from 92.3 per 100.000 

in 1987 to 72.1 in 2006 (Figure 1). Women, on the other hand, showed a different pattern with 

an increase from 17.4 per 100.000 in 1987 to 22.3 in 2006 (p for men <0.0001, for women 

0.0003).  

 

Survival in men improved continuously over the four 5-year periods (Figure 2), while the 

prognosis in women improved until the third period (1997-2001), then reverted to a risk 

nearly identical to that in the second period (Figure 3).  

 

Table 2 shows mortality by sex, age group, and period. For men aged 25–44 years, the annual 

excess risk of dying decreased continuously from 1.38 to 0.50 deaths per 100 person-years 

from the first to last period, with an SMR of 4.34 (95% CI: 3.04–5.87) during the last 5-year 

period. Corresponding figures for men aged 45–54 were a decrease from 1.53 to 0.59 with a 

SMR of 2.43 (95% CI: 2.12–2.76) in the last period (2002–2006). Women displayed more 

complicated trends, starting from higher absolute risks of dying compared with men, 

decreasing sharply until a nadir in 1997–2001, and then increasing to 1.17 and 1.45 deaths per 

100 person-years in women aged 25–44 and 45–54, respectively, in the last period. This was 

more than twice the risk in men of the corresponding age groups. Very high SMRs were 

noted, particularly for the youngest women, at 13.53 (95% CI: 8.36–19.93) in the last period 

and 6.42 (5.24–7.73) in women aged 45–54 years. 

 

In men aged 25–44 years, the mortality risk decreased by 70% during the study period 

(multivariable adjusted HR: 0.30, 95% CI: 0.20–0.44). A similar decrease was seen in men 

aged 45–54 years (multivariable adjusted HR: 0.32, 95% CI: 0.27–0.38). Women aged 25–44 
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years had an overall decline in mortality risk of approximately 50% (multivariable adjusted 

HR: 0.47, 95% CI: 0.27–0.83). No significant decrease in mortality risk in the last, compared 

with the first period was observed in women aged 45–54 years (age-adjusted HR: 0.77, 95% 

CI: 0.59–1.02), but after adjustment for comorbidities there was a significant decrease in risk 

(HR: 0.53, 95% CI: 0.39–0.71). 
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Table 2. Observed versus expected mortality ratio, estimated over 4 years, standardized mortality ratio, absolute risk, 

absolute excess risk, and hazard ratio for mortality by age group and period among 37,276 men and women aged <55 

years with a first AMI. 

Age, Period Observed
a
 Expected

b
 SMR (95% CI) AR

c 
AER

d
 HR (95% CI)

e
 HR (95% CI)

f
 

Men 25-44        

1987-1991 113 16 6.88 (5.67–8.20) 1.61 1.38 1.0 (ref) 1.0 (ref) 

1992-1996 81 13 6.16 (4.89–7.57) 1.25 1.05 0.76 (0.57–1.01) 0.73 (0.55–0.98) 

1997-2001 58 10 5.70 (4.33–7.27) 1.00 0.83 0.60 (0.43–0.82) 0.53 (0.38–0.73) 

2002-2006 36 8 4.34 (3.04–5.87) 0.65 0.50 0.41(0.28–0.60) 0.30 (0.20–0.44) 

Men 45-54        

1987-1991 465 125 3.72 (3.39–4.07) 2.10 1.53 1.0 (ref) 1.0 (ref)g 

1992-1996 379 119 3.20 (2.88–3.53) 1.56 1.07 0.74 (0.65–0.85) 0.70 (0.61–0.81) 
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1997-2001 289 108 2.69 (2.39–3.00) 1.22 0.77 0.57 (0.49–0.66) 0.50 (0.43–0.58) 

2002-2006 215 89 2.43 (2.12–2.76) 0.99 0.59 0.47 (0.40–0.56) 0.32 (0.27–0.39) 

Women 25-44        

1987-1991 34 2 17.55 (12.15–23.94) 2.39 2.26 1.0 (ref) 1.0 (ref) 

1992-1996 28 2 17.99 (11.95–25.27) 2.17 2.05 0.93 (0.56–1.55) 0.85 (0.51–1.42) 

1997-2001 10 2 6.07 (2.89–10.42) 0.63 0.52 0.27 (0.13–0.55) 0.28 (0.14–0.56) 

2002-2006 21 2 13.53 (8.36–19.93) 1.26 1.17 0.55 (0.32–0.94) 0.47(0.27–0.83)  

Women 45-54        

1987-1991 101 15 6.90 (5.62–8.31) 2.25 1.93 1.0 (ref) 1.0 (ref) h 

1992-1996 76 16 4.63 (3.65–5.73) 1.45 1.14 0.64 (0.48–0.87) 0.56 (0.42–0.76) 

1997-2001 68 19 3.58 (2.78–4.48) 1.08 0.78 0.49 (0.36–0.66) 0.44 (0.32–0.60) 

2002-2006 102 16 6.42 (5.24–7.73) 1.72 1.45 0.77 (0.59–1.02) 0.53 (0.39–0.71) 
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aObserved number of deaths in the study population, bExpected number of deaths in the general population, cAbsolute risk per 100 person-years, 

dAbsolute excess risk per 100 person-years, e Age adjusted, f Multiadjusted for age, diabetes, hypertension, valvular, congenital heart disease, 

stroke, chronical respiratory disease, malignancy and renal failure. Adjusted for changes and interaction over time, malignancy (g), chronic 

respiratory disease (h). 

AMI, acute myocardial infarction; SMR, standardized mortality ratio; AR, absolute risk; AER, absolute excess risk; HR, hazard ratio; CI, 

confidence interval 
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Table 3 shows causes of death for the 2,076 deaths that occurred within 4 years in this cohort. 

In 1987–1991, 74,8% of all deaths within 4 years were due to CVD (78.6% for men and 

58.5% for women) with a majority to IHD. However, during the last period (2002-2006), only 

48.4% of all deaths were due to CVD (55.4% for men and, notably, only 34.1% for women)  

 

Table 3: Cause of death by period for 2,076 deaths within 4 years among 

men and women aged <55 years with a first AMI during 1987–2006 

Cause of death Total 

n (%) 

Men 

 n (%) 

Women 

n (%) 

p-value 

1987-1991 713 578 (81.1) 135 (18.9)  

CVD 533(74.8) 454(78.6) 79 (58.5) <.0001 

IHD 481 (67.5) 405 (70.1) 76 (56.3) 0.0021 

Stroke 18 (2.52) 16(2.77) 2 (1.48) 0.3909 

All other causes  180 (25.3) 124 (21.5) 56 (41.5) <.0001 

Malignancies 55 (7.71) 39 (6.75) 16 (11.9) 0.0454 

1992-1996 564 460 (81.6) 104 (18.4)  

CVD 369 (65.4) 318 (69.1) 51 (49.0) <.0001 

IHD  337 (59.8) 295 (64.1) 42 (40.4) <.0001 

Stroke 6 (1.06) 5 (1.09) 1 (0.96) 0.9104 

All other causes  195 (34.6) 142 (30.9)  53 (51.0) <.0001 

Malignancies 79 (14.01) 57 (12.4) 22 (21.2) 0.0201 

1997-2001 425 347 (81.7) 78 (18.4)  

CVD 242 (56.9) 205 (59.1) 37 (47.4) 0.0606 

IHD  216 (50.8) 182 (52.5) 34 (43.6) 0.1573 

Stroke 5 (1.18) 3 (0.86) 2 (2.56) 0.2084 
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All other causes  183 (43.1) 142 (40.9) 41 (52.6) 0.0606 

Malignancies 63 (14.8) 52(15.0) 11 (14.1) 0.8428 

2002-2006 374 251 (67.1) 123 (32.9)  

CVD 181 (48.4) 139 (55.4) 42 (34.1) 0.0001 

IHD  145 (38.8) 116 (46.2) 29 (23.6) <0.0001 

Stroke 12 (3.21) 7 (2.79) 5 (4.07) 0.5106 

All other causes  193 (51.6) 112 (44.6) 81(65.9)  0.00001 

Malignancies 60 (16.0) 28 (11.2) 32 (26.0) 0.0002 

AMI, acute myocardial infarction; IHD, ischaemic heart disease; CVD, cardiovascular 

disease 

 

DISCUSSION 

The present study showed that young male survivors of AMI have low absolute long-term 

mortality rates; however, these rates remain between 2- and 4-fold those of the general 

population. After a favourable development in younger women until 2001, when new criteria 

for AMI were adopted and troponins became standard, women had higher absolute mortality 

than men in the last period and showed a dramatically higher risk of death than healthy 

women. However, fewer than half of all deaths in women were due to CVD in the last period. 

 

Few studies have specifically investigated long-term outcomes in young patients with AMI. 

One Swedish study based on the Register of Information and Knowledge about Swedish Heart 

Intensive Care Admissions (RIKS-HIA)21 investigated all consecutive patients younger than 

46 years treated for ST-elevation myocardial infarction (STEMI) in Sweden, 1995–2006 

(1,748 men, 384 women). Long-term annual mortality was around 1% with no difference 

between men and women, similar to our study. Accordingly, in absolute terms and consistent 
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with prior publications from our group,1 annual mortality rates in AMI survivors younger than 

55 years are estimated at about 1%. This is in contrast to older patients in Sweden, among 

whom annual mortality rates are about 6% for those aged 65–74 years and more than 12% 

among patients aged 75–84 years).1 The current low absolute mortality figures are a vast 

improvement on prior estimates. In a retrospective analysis of 23 published studies from the 

prethrombolytic era, the annual death rate after the first year in patients with a first AMI was 

5% regardless of age or gender.22 In the late 1980s, the annual mortality for patients younger 

than 55 years was about 2%.1  

 

There are several reasons for the observed decrease in mortality in younger patients with 

AMI. First, several pharmacological and coronary interventions were developed and 

implemented during the study period. Nauta et al 2013 showed that patient <55 received 

evidence-based medical care and reperfusion to a greater extent than elderly patients.12 

Second, some of the decrease is likely due to changes in diagnostic criteria during the study 

period, as well as more sensitive methods.17,23 This may imply that less severe AMIs are 

detected, with improved survival, but less specificity, as evidenced by increased comorbidities 

over time and a higher proportion of non-CVD deaths in the last period. Third, there have 

been changes in clinical presentation, with less severe infarctions,24,25 and fewer STEMIs.26 

Factors that affect the risk of developing STEMI rather than non-STEMI include smoking26 

and cardioprotective medications that lower the risk.27 Declining smoking rates and more 

medications used in primary prevention could thus have contributed to milder infarctions and 

better survival. Comorbidities increased during the study period. However, this can probably 

at least partly be derived to improvements in clinical reporting due to financial incitements. 13 

The striking increase in hypertension can also probably be attributed to changes in criteria and 

guidelines management by the WHO.28 
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There was a continuous decrease in case fatality among men; however, rates in women did 

not follow the same pattern as in men. Mortality in women decreased until the third period 

and then increased during the fourth period to nearly the same level as in the second period. 

This may have been due to chance because the numbers were limited. However, it could also 

reflect differences in diagnostics. With increasing use of troponins, the rate of detection has 

increased, and this effect could be stronger for women than for men. In a study that 

simultaneously measured CK-MB and troponin,29 a 64% and 95% increase in the AMI rate 

among men and women, respectively, was observed when using troponins. Accordingly, the 

increasing mortality among women hospitalized in 2002–2006 could be due to the capture of 

other and more complicated types of myocardial damage because an increase in troponin 

levels is also seen in other conditions.30  Even so, comorbidities, although increasing over 

time, were still low in the most recent period. Since the most marked change between the 

third and the fourth period of our study was the change from CK-MB to troponins as the 

predominant marker for myocardial damage, we speculate that the additional AMIs captured 

by this more sensitive method are clinically different, not only in being smaller but also to an 

unknown extent reflecting myocardial damage not due to atherosclerotic disease. 

Circumstantial evidence for this might be derived from the increasing and much higher 

proportion of non-CVD deaths, as well as more comorbidities, in women compared to men 

over the study period. In the present study the results showed an increased rate of survivors 

but a decreasing trend in death in CVD among young women. These results strengthen that 

the increased all-cause mortality is likely a result of a combination between the use of 

troponin and increasing comorbidities. 
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Few studies have compared mortality rates in young patients with AMI with those in the 

general population. A record linkage of hospital and mortality data identified 387,452 

individuals in England, hospitalized with a main diagnosis of AMI in 2004–2010 and who 

survived at least 30 days.7 Long-term risk of death of any cause among survivors of a first 

AMI was twice that in the English general population of equivalent age, highest among 

younger patients aged 55–64 years (about 2- to 3-fold for men and women, respectively), and 

approached the mortality rate of the general population for those aged 85 years or more. 

Estimates for individuals younger than 55 years were not stated in the study by Smolina, et 

al., but we have since been provided with information that mortality ratios were 2.6 for men 

and 5.6 for women aged 30-54 years after 4 years, which is more or less comparable to our 

findings (Smolina K, personal communication). For the period corresponding to that in the 

study by Smolina et al.7 we found mortality ratios of 4.3 and 2.4 for men aged 25–44 and 45–

54 years, respectively. For women aged 25–44 years, the estimated mortality ratio was 13.5, 

but this was based on very few cases (about four deaths per year). The estimate of 6.4 for 

women aged 45–54 years should be more reliable. It should be noted that women in the 

general population in this age range have very low mortality rates, which partially explains 

the high SMRs in women.  

 

The main limitation in the present study is the reliance on administrative registers with no 

details of changes in several characteristics, such as biomarkers, electrocardiographic 

findings, smoking, medication, hyperlipidemia, family history, ethnicity and socioeconomic 

status and a lack of other clinical information, notably hospital treatment and clinical 

presentation. Also, we were unable to apply uniform criteria for diagnosis over time. This 

limits considerably the interpretation that can be made, however, the findings should be 

applicable to current patients with AMI in an industrialized modern country. The quality of 
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the data is obviously of fundamental importance, but validation studies of the IPR indicate 

reasonable accuracy.13,14 Incorrect death certificates could lead to uncertainty with respect to 

attributing cause of death15, but IHD diagnoses has been estimated to be correct in 87%  for 

ischemic heart disease although the data from this study were collected two decades ago. 16 

The causes of death are also considered to be more reliable for the younger population than 

for the elderly population. 15  

 

The strengths of the study include nationwide coverage with virtually no loss to follow-up and 

the large sample size. Given the low mortality in absolute terms, larger populations are 

needed, particularly for women, because they constitute less than 20% of the AMI population 

younger than 55 years.  

 

Conclusions 

These data extend and update what is currently known about sex-specific absolute and relative 

survival in patients with AMI younger than 55 years, with a large population of more than 

35,000 cases during a 20-year period. Among patients surviving for 28 days after AMI, the 

annual mortality rates are now comparatively low at approximately 1%. Given the much 

lower mortality in this age group in the general population, young survivors of AMI, 

particularly women, remain at a much higher risk of death, much of this, however, due to non-

CVD causes. Accordingly, while mortality is low in absolute terms, younger women with 

AMI lose the survival advantage women normally have over men. Additional strategies to 

bring mortality closer to that which would be expected for this age group are needed, in 

particular for women. 
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FIGURE LEGENDS 

 

Figure 1 Annual rate per 100.000 population in men and women aged 25-54 years surviving a 

first AMI for at least 28 days. 

 

Figure 2 Four-year trend in survival probability by period and time among men (n 30 047) 

aged 25–54 years with a first AMI 

 

Figure 3 Four-year trend in survival probability by period and time among women (n 7 229) 

aged 25–54 years with a first AMI 
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ABSTRACT 

Objective To examine sex-specific trends in 4-year mortality among young patients with a 

first acute myocardial infarction (AMI), 1987–2006.  

Design: Prospective cohort study 

Setting: Sweden. 

Participants: We identified 37,276 cases (19.4% women; age, 25–54 years) from the 

Swedish Inpatient Register, 1987–2006, who had survived 28 days after an AMI.  

Outcome measures: Four-year mortality from all causes, and Standard Mortality Ratio 

(SMR)  

Results From the first to last 5-year period, the absolute excess risk decreased from 1.38 to 

0.50 and 1.53 to 0.59 per 100 person-years among men aged 25–44 and 45–54 years, 

respectively. Corresponding figures for women were a decrease from 2.26 to 1.17 and from 

1.93 to 1.45 per 100 person-years, respectively. Trends for women were non-linear, 

decreasing to the same extent as those for men until the third period, then increasing. For the 

last 5-year period, the standardized mortality ratio for young survivors of AMI compared with 

the general population was 4.34 (95% confidence interval [CI]: 3.04–5.87) and 2.43 (95% CI: 

2.12–2.76) for men aged 25–44 and 45–54 years, respectively, and 13.53 (95% CI: 8.36–

19.93) and 6.42 (95% CI: 5.24–7.73) for women. Deaths not associated with cardiovascular 

causes increased from 21.5% to 44.6% in men and 41.5% to 65.9% in women, respectively. 

Conclusion Young male survivors of AMI have low absolute long-term mortality rates, but 

these rates remain 2- to 4-fold that of the general population. After favourable development 

until 2001, women now have higher absolute mortality than men and a 6- to 14-fold risk of 

death compared with women in the general population.  
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Strengths and limitations of this study 

• Population-based study, that includes all cases with a first AMI, aged 25-55 years, in 

Sweden during a period of twenty years. 

• Strengths include nationwide coverage, and near-complete follow-up. 

• The main limitation is that the used register does not provide data covering clinical 

characteristics or treatment which could have been valuable to estimate their impact 

on mortality. 

  

Page 29 of 61

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

4 

 

INTRODUCTION 

Survival after acute myocardial infarction (AMI) has improved during the last several decades 

in Sweden and elsewhere.1-3 Nonetheless, coronary heart disease (CHD) remains a major 

contributor to morbidity and mortality with more than one in five men and women currently 

dying from CHD in Europe.4,5 Survivors of AMI are known to have an impaired prognosis 

compared with the general population.6 In a recent study from England, the long-term risk of 

death of any cause among survivors of a first AMI was twice that of the general English 

population of equivalent age.7 

 

Most patients with AMI are elderly; accordingly, most information on long-term survival is 

based on patients older than 55 years. However, about one in six AMI survivors is younger 

than 55 years.8 Knowledge of the prognosis among young patients with AMI is essential 

because younger patients stand to lose more of their remaining life years compared with older 

patients. This applies particularly to women because women have a longer life expectancy. 

 

Further, younger, but not older, women hospitalized with AMI have a worse long-term 

prognosis than men as shown in analyses of patient populations dating from the 1980s and 

1990s.
9,10 However, there have since been marked changes in treatment, diagnostic criteria, 

and post-AMI prognosis. A recent study found that reductions in long-term mortality after 

1985 were at least as high for women as for men with AMI,11 but the study did not 

specifically report findings for young patients. An additional study, found that reductions in 

mortality were similar regardless of age but that younger patients are more likely to receive 

evidence based care.12 
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Few data sets contain a sufficient number of young patients to reliably estimate risk of death 

compared with the general population. In addition, more information is needed about cause-

specific mortality, because an unknown proportion of deaths may not be due to cardiovascular 

causes, and will thus be less amenable to coronary preventive measures. In the present study, 

we examined sex-specific trends in long-term survival in a register-based cohort of patients 

aged 25–54 years hospitalized with a first AMI during 1987–2006, and compared death rates 

for men and women separately with those of the general population. 

 

METHODS 

Registries and study population 

Sweden has a publicly financed health care system, with some health care facilities privately 

run but still fully integrated into the health care system. The Swedish National Inpatient 

Register (IPR), has established complete national coverage since 1987. One study stated that 

positive predictive values (PPV) differ among diagnoses in the IPR, but are generally 85–

95%. PPV for myocardial infarction was about 98-100% and the sensitivity was 77-91.5%.
13
 

Another validation study concluded that the accuracy of correct diagnosis in AMI was 86 % 

regardless (1987-1995) of age and gender.
 14
 More recent data are lacking. Diagnoses in the 

IPR are coded according to the Swedish International Classification of Diseases (ICD) 

system (ICD 8th revision until 1986, 9th revision until 1996, and 10th revision thereafter). In 

the present study, data from the IPR and the Swedish Cause of Death Register were linked 

through personal identity numbers unique to each Swedish citizen. The Cause of Death 

Register is based on diagnosis from death certificates. In 2008, 0.8% of death certificates 

were missing or insufficient (2.7%) 
15
. Validity for a correct diagnosis of ischemic heart 

disease in the general population in 1995 was 87%.
16
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The present study included all 38,836 cases (31216 men, 7620 women) in Sweden aged 25–54 

years, discharged from hospital after a first AMI in 1987–2006; AMI was defined as a 

principal discharge code according to the ICD -8 : 410 (until 1987), ICD-9: 410 (until 1996) 

and ICD-10: I21 (from 1997 onward). After excluding 1,560 cases who died during the first 

28 days 1169 men (3.01% of cases) median age; 50, and 391 women (1.01% of cases) median 

age; 49.0, 37,276 cases (7,229 women and 30,047 men) with a first AMI remained for 

analysis. Data from 1980 onward were used to identify first AMIs only, with a time frame of 

7 years throughout, to ensure that AMIs registered each year had the same chance of being 

identified as a first AMI. Due to the 7-years time frame, 443 cases were recurrent AMI after 

seven years (53 women median age; 52, 390 men median age; 51) Criteria for a diagnosis of 

AMI in Sweden have followed established guidelines, changing after the adoption of new 

AMI criteria in the year 2000.17,18 Thus, the characteristics of the AMIs in our analysis 

changed during the study period. Use of troponins became standard after the year 2000. 

 

Comorbidities were defined by the following main or contributory discharge codes during the 

preceding 7 years, including the index hospitalization: diabetes (ICD-9 250; ICD-10 E10–

E14), hypertension (ICD-9 401–405; ICD-10: I10–I15), valvular disease (ICD-9 394–397, 

424; ICD-10 I05–I09, I34–I35), congenital heart disease (ICD-9 745–747; ICD-10 Q20–

Q26), stroke (ICD-9 431–434, 436; ICD-10 I61–I64), chronic respiratory disease (ICD-9 

490–496; ICD-10 J40–J47), malignancy (ICD-9 140–208; ICD-10 C00–C97), renal failure 

(ICD-9 584–586; ICD-10 N17–N19), coronary artery bypass grafting (3067, 3066, 3105, 

3127, FNA, FNB, FNE, FNC), and percutaneous coronary intervention (3080, FNG 00, FNG 

02, FNG 05).  

 

Follow-up 
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We analysed 4-year all-cause mortality for four 5-year periods (1987–1991, 1992–1996, 

1997–2001, and 2002–2006) through the Swedish Cause of Death Register. The following 

codes were used for assignment of causes of death among fatal cases: CVD, (390–459, I00–

I99), ischaemic heart disease (IHD) (410–414, I20–I25, stroke (430–438, I60–I68), and all 

other causes (including malignancies; 140-208, C00-C97). 

 

Statistical analysis 

Statistical analyses were performed with SAS 9.3, (R version 2.15.1 to obtain the graphs). For 

comorbidities, χ2 tests were used to evaluate differences between men and women and for 

trends; a P-value of ≤0.05 was considered significant. To compare mean age within the 

respective age groups, t-tests were performed. 

 

Standardized mortality ratios (SMR) with 95% confidence intervals (CIs) were calculated as 

the ratio of the observed to expected number of deaths, for 4-year follow up by each period 

,estimated from rates in the general Swedish population, by gender, age and calendar year, 

using life expectancy tables from Official Statistics of Sweden (SCB). 

 

To examine the excess mortality risk in the study population the absolute risk (AR) was 

calculated separately for both the general population and the study population by dividing the 

observed mortality with person time. This yields an average annual excess risk for each 

period. The absolute excess risk (AER) is the difference between the observed and the 

expected AR. For standardization purposes, the estimates were then multiplied by 100 person-

years. The AER calculations add a useful measure of excess risk in absolute terms. Life 

expectancy tables from Official Statistics of Sweden (SCB) were used to calculate the 

expected mortality in the Swedish general population by gender, age and calendar year. 
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Cox proportional hazard regression, providing hazard ratios (HR) with 95% CIs, was used to 

estimate age, and gender-specific changes in all-cause mortality over time.19 The first period 

(1987–1991) was used as reference; The multivariable models were adjusted for age, 

diabetes, hypertension, valvular and congenital heart disease, stroke, chronic respiratory 

disease, malignancy and renal failure. Furthermore, in the final model the periods were also 

tested for proportionality by interactions of age, time and with significant comorbidities only 

(men 45-54; malignancies, women, 45-54; chronic respiratory disease). 

 

The Kaplan-Meier method was used to estimate the survival probability. The proportionality 

assumption of Cox regression was tested by including interactions between covariates (age, 

gender, and period) with time; neither interaction test was statistically significant.20 A log-

rank test was conducted to study changes in survival between the time periods. 

 

RESULTS 

Of the 37,276 cases in the study, 7,905 (21.2%) were aged 25–44 years (19.6% women) and 

29,371 (78.8%) were aged 44–54 years (19.3% women). Other than diabetes and hypertension 

(11% for both), this population had few diagnosed comorbidities (Table 1). Women had more 

diabetes, hypertension, chronic lower respiratory disease and malignancies than did men (P < 

0.0001).  

 

Table 1. Baseline characteristics in 37,276 men and women aged <55 years with a first 

AMI, 1987–2006 

 All Men Women P-value 
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Number of cases 37 276 30 047 7 229  

Age 25-44, n (%) 7 905 (21.2) 6 357 (21.2) 1 548 (21.4)  

Mean age (SD)  40.21 (3.74) 39.84 (4.04) 0.055 

Age 44-54, n (%) 29 371(78.8) 23 690 (78.8) 5 681 (78.6)  

Mean age (SD)  50.31 (2.75) 50.39 (2.76) 0.0549 

Diabetes, n (%)  4 064 (10.9) 3 017 (10.0) 1 047 (14.5) <0.0001 

Hypertension, n (%) 4110 (11.0) 3141 (10.6) 969 (13.4) <0.0001 

Valvular disease, n (%) 287 (0.77) 211 (0.70) 76 (1.05) 0.0023 

Congenital heart disease 36 (0.10) 23 (0.08) 13 (0.18) 0.0111 

Stroke, n (%) 412 (1.11) 302 (1.01) 110 (1.52) 0.0002 

Chronic lower respiratory 

disease, n (%) 

557(1.49) 368 (1.22) 189 (2.61) <0.0001 

Malignancy, n (%)  354 (0.95) 255 (0.85) 99 (1.37) <0.0001 

Renal failure 230 (0.62) 164 (0.55) 66 (0.91) 0.0003 

CABG*, n (%) 253 (0.68) 221 (0.74) 32 (0.44) 0.007 

PCI*, n (%) 235 (0.63) 198 (0.66) 37 (0.51) 0.16 

*Procedures dating at least 6 months prior to hospitalization for AMI. 

AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; PCI, percutaneous 

coronary intervention 

 

Supplementary Table 1 shows the comorbidities for each 4-year period. All comorbidities 

except for congenital heart diseases increased significantly over time. Diabetes and 

hypertension were the most prevalent comorbidities in both men and women but the rates of 

other comorbidities remained low even in the last period (<4%). 
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During the study period (1987-2006) annual rate per 100.000 population in men and women 

aged 25-54 years surviving a first AMI for at least 28 days decreased from 92.3 per 100.000 

in 1987 to 72.1 in 2006 (Figure 1). Women, on the other hand, showed a different pattern 

with an increase from 17.4 per 100.000 in 1987 to 22.3 in 2006 (p for men <0.0001, for 

women 0.0003).  

 

Survival in men improved continuously over the four 5-year periods (Figure 2), while the 

prognosis in women improved until the third period (1997-2001), then reverted to a risk 

nearly identical to that in the second period (Figure 3).  

 

Table 2 shows mortality by sex, age group, and period. For men aged 25–44 years, the annual 

excess risk of dying decreased continuously from 1.38 to 0.50 deaths per 100 person-years 

from the first to last period, with an SMR of 4.34 (95% CI: 3.04–5.87) during the last 5-year 

period. Corresponding figures for men aged 45–54 were a decrease from 1.53 to 0.59 with a 

SMR of 2.43 (95% CI: 2.12–2.76) in the last period (2002–2006). Women displayed more 

complicated trends, starting from higher absolute risks of dying compared with men, 

decreasing sharply until a nadir in 1997–2001, and then increasing to 1.17 and 1.45 deaths per 

100 person-years in women aged 25–44 and 45–54, respectively, in the last period. This was 

more than twice the risk in men of the corresponding age groups. Very high SMRs were 

noted, particularly for the youngest women, at 13.53 (95% CI: 8.36–19.93) in the last period 

and 6.42 (5.24–7.73) in women aged 45–54 years. 

 

In men aged 25–44 years, the mortality risk decreased by 70% during the study period 

(multivariable adjusted HR: 0.30, 95% CI: 0.20–0.44). A similar decrease was seen in men 

aged 45–54 years (multivariable adjusted HR: 0.32, 95% CI: 0.27–0.38). Women aged 25–44 
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years had an overall decline in mortality risk of approximately 50% (multivariable adjusted 

HR: 0.47, 95% CI: 0.27–0.83). No significant decrease in mortality risk in the last, compared 

with the first period was observed in women aged 45–54 years (age-adjusted HR: 0.77, 95% 

CI: 0.59–1.02), but after adjustment for comorbidities there was a significant decrease in risk 

(HR: 0.53, 95% CI: 0.39–0.71). 
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Table 2. Observed versus expected mortality ratio, estimated over 4 years, standardized mortality ratio, absolute risk, 

absolute excess risk, and hazard ratio for mortality by age group and period among 37,276 men and women aged <55 

years with a first AMI. 

Age, Period Observed
a
 Expected

b
 SMR (95% CI) AR

c 
AER

d
 HR (95% CI)

e
 HR (95% CI)

f
 

Men 25-44        

1987-1991 113 16 6.88 (5.67–8.20) 1.61 1.38 1.0 (ref) 1.0 (ref) 

1992-1996 81 13 6.16 (4.89–7.57) 1.25 1.05 0.76 (0.57–1.01) 0.73 (0.55–0.98) 

1997-2001 58 10 5.70 (4.33–7.27) 1.00 0.83 0.60 (0.43–0.82) 0.53 (0.38–0.73) 

2002-2006 36 8 4.34 (3.04–5.87) 0.65 0.50 0.41(0.28–0.60) 0.30 (0.20–0.44) 

Men 45-54        

1987-1991 465 125 3.72 (3.39–4.07) 2.10 1.53 1.0 (ref) 1.0 (ref)g 

1992-1996 379 119 3.20 (2.88–3.53) 1.56 1.07 0.74 (0.65–0.85) 0.70 (0.61–0.81) 
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1997-2001 289 108 2.69 (2.39–3.00) 1.22 0.77 0.57 (0.49–0.66) 0.50 (0.43–0.58) 

2002-2006 215 89 2.43 (2.12–2.76) 0.99 0.59 0.47 (0.40–0.56) 0.32 (0.27–0.39) 

Women 25-44        

1987-1991 34 2 17.55 (12.15–23.94) 2.39 2.26 1.0 (ref) 1.0 (ref) 

1992-1996 28 2 17.99 (11.95–25.27) 2.17 2.05 0.93 (0.56–1.55) 0.85 (0.51–1.42) 

1997-2001 10 2 6.07 (2.89–10.42) 0.63 0.52 0.27 (0.13–0.55) 0.28 (0.14–0.56) 

2002-2006 21 2 13.53 (8.36–19.93) 1.26 1.17 0.55 (0.32–0.94) 0.47(0.27–0.83)  

Women 45-54        

1987-1991 101 15 6.90 (5.62–8.31) 2.25 1.93 1.0 (ref) 1.0 (ref) h 

1992-1996 76 16 4.63 (3.65–5.73) 1.45 1.14 0.64 (0.48–0.87) 0.56 (0.42–0.76) 

1997-2001 68 19 3.58 (2.78–4.48) 1.08 0.78 0.49 (0.36–0.66) 0.44 (0.32–0.60) 

2002-2006 102 16 6.42 (5.24–7.73) 1.72 1.45 0.77 (0.59–1.02) 0.53 (0.39–0.71) 
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aObserved number of deaths in the study population, bExpected number of deaths in the general population, cAbsolute risk per 100 person-years, 

d
Absolute excess risk per 100 person-years, e Age adjusted, f Multiadjusted for age, diabetes, hypertension, valvular, congenital heart disease, 

stroke, chronical respiratory disease, malignancy and renal failure. Adjusted for changes and interaction over time, malignancy (g), chronic 

respiratory disease (h). 

AMI, acute myocardial infarction; SMR, standardized mortality ratio; AR, absolute risk; AER, absolute excess risk; HR, hazard ratio; CI, 

confidence interval 
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Table 3 shows causes of death for the 2,076 deaths that occurred within 4 years in this 

cohort. In 1987–1991, 74,8% of all deaths within 4 years were due to CVD (78.6% for men 

and 58.5% for women) with a majority to IHD. However, during the last period (2002-2006), 

only 48.4% of all deaths were due to CVD (55.4% for men and, notably, only 34.1% for 

women)  

 

Table 3: Cause of death by period for 2,076 deaths within 4 years among men 

and women aged <55 years with a first AMI during 1987–2006 

Cause of death Total 

n (%) 

Men 

 n (%) 

Women 

n (%) 

p-value 

1987-1991 713 578 (81.1) 135 (18.9)  

CVD 533(74.8) 454(78.6) 79 (58.5) <.0001 

IHD 481 (67.5) 405 (70.1) 76 (56.3) 0.0021 

Stroke 18 (2.52) 16(2.77) 2 (1.48) 0.3909 

All other causes  180 (25.3) 124 (21.5) 56 (41.5) <.0001 

Malignancies 55 (7.71) 39 (6.75) 16 (11.9) 0.0454 

1992-1996 564 460 (81.6) 104 (18.4)  

CVD 369 (65.4) 318 (69.1) 51 (49.0) <.0001 

IHD  337 (59.8) 295 (64.1) 42 (40.4) <.0001 

Stroke 6 (1.06) 5 (1.09) 1 (0.96) 0.9104 

All other causes  195 (34.6) 142 (30.9)  53 (51.0) <.0001 

Malignancies 79 (14.01) 57 (12.4) 22 (21.2) 0.0201 

1997-2001 425 347 (81.7) 78 (18.4)  

CVD 242 (56.9) 205 (59.1) 37 (47.4) 0.0606 

IHD  216 (50.8) 182 (52.5) 34 (43.6) 0.1573 
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Stroke 5 (1.18) 3 (0.86) 2 (2.56) 0.2084 

All other causes  183 (43.1) 142 (40.9) 41 (52.6) 0.0606 

Malignancies 63 (14.8) 52(15.0) 11 (14.1) 0.8428 

2002-2006 374 251 (67.1) 123 (32.9)  

CVD 181 (48.4) 139 (55.4) 42 (34.1) 0.0001 

IHD  145 (38.8) 116 (46.2) 29 (23.6) <0.0001 

Stroke 12 (3.21) 7 (2.79) 5 (4.07) 0.5106 

All other causes  193 (51.6) 112 (44.6) 81(65.9)  0.00001 

Malignancies 60 (16.0) 28 (11.2) 32 (26.0) 0.0002 

AMI, acute myocardial infarction; IHD, ischaemic heart disease; CVD, cardiovascular 

disease 

 

DISCUSSION 

The present study showed that young male survivors of AMI have low absolute long-term 

mortality rates; however, these rates remain between 2- and 4-fold those of the general 

population. After a favourable development in younger women until 2001, when new criteria 

for AMI were adopted and troponins became standard, women had higher absolute mortality 

than men in the last period and showed a dramatically higher risk of death than healthy 

women. However, fewer than half of all deaths in women were due to CVD in the last period. 

 

Few studies have specifically investigated long-term outcomes in young patients with AMI. 

One Swedish study based on the Register of Information and Knowledge about Swedish Heart 

Intensive Care Admissions (RIKS-HIA)21 investigated all consecutive patients younger than 

46 years treated for ST-elevation myocardial infarction (STEMI) in Sweden, 1995–2006 

(1,748 men, 384 women). Long-term annual mortality was around 1% with no difference 
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between men and women, similar to our study. Accordingly, in absolute terms and consistent 

with prior publications from our group,1 annual mortality rates in AMI survivors younger than 

55 years are estimated at about 1%. This is in contrast to older patients in Sweden, among 

whom annual mortality rates are about 6% for those aged 65–74 years and more than 12% 

among patients aged 75–84 years).1 The current low absolute mortality figures are a vast 

improvement on prior estimates. In a retrospective analysis of 23 published studies from the 

prethrombolytic era, the annual death rate after the first year in patients with a first AMI was 

5% regardless of age or gender.22 In the late 1980s, the annual mortality for patients younger 

than 55 years was about 2%.1  

 

There are several reasons for the observed decrease in mortality in younger patients with 

AMI. First, several pharmacological and coronary interventions were developed and 

implemented during the study period. Nauta et al 2013 showed that patient <55 received 

evidence-based medical care and reperfusion to a greater extent than elderly patients.12 

Second, some of the decrease is likely due to changes in diagnostic criteria during the study 

period, as well as more sensitive methods.17,23 This may imply that less severe AMIs are 

detected, with improved survival, but less specificity, as evidenced by increased comorbidities 

over time and a higher proportion of non-CVD deaths in the last period. Third, there have 

been changes in clinical presentation, with less severe infarctions,24,25 and fewer STEMIs.26 

Factors that affect the risk of developing STEMI rather than non-STEMI include smoking26 

and cardioprotective medications that lower the risk.27 Declining smoking rates and more 

medications used in primary prevention could thus have contributed to milder infarctions and 

better survival. Comorbidities increased during the study period. However, this can probably 

at least partly be derived to improvements in clinical reporting due to financial incitements. 13 
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The striking increase in hypertension can also probably be attributed to changes in criteria and 

guidelines management by the WHO.28 

 

There was a continuous decrease in case fatality among men; however, rates in women did 

not follow the same pattern as in men. Mortality in women decreased until the third period 

and then increased during the fourth period to nearly the same level as in the second period. 

This may have been due to chance because the numbers were limited. However, it could also 

reflect differences in diagnostics. With increasing use of troponins, the rate of detection has 

increased, and this effect could be stronger for women than for men. In a study that 

simultaneously measured CK-MB and troponin,29 a 64% and 95% increase in the AMI rate 

among men and women, respectively, was observed when using troponins. Accordingly, the 

increasing mortality among women hospitalized in 2002–2006 could be due to the capture of 

other and more complicated types of myocardial damage because an increase in troponin 

levels is also seen in other conditions.30  Even so, comorbidities, although increasing over 

time, were still low in the most recent period. Since the most marked change between the third 

and the fourth period of our study was the change from CK-MB to troponins as the 

predominant marker for myocardial damage, we speculate that the additional AMIs captured 

by this more sensitive method are clinically different, not only in being smaller but also to an 

unknown extent reflecting myocardial damage not due to atherosclerotic disease. 

Circumstantial evidence for this might be derived from the increasing and much higher 

proportion of non-CVD deaths, as well as more comorbidities, in women compared to men 

over the study period. In the present study the results showed an increased rate of survivors 

but a decreasing trend in death in CVD among young women. These results strengthen that 

the increased all-cause mortality is likely a result of a combination between the use of 

troponin and increasing comorbidities. 
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Few studies have compared mortality rates in young patients with AMI with those in the 

general population. A record linkage of hospital and mortality data identified 387,452 

individuals in England, hospitalized with a main diagnosis of AMI in 2004–2010 and who 

survived at least 30 days.7 Long-term risk of death of any cause among survivors of a first 

AMI was twice that in the English general population of equivalent age, highest among 

younger patients aged 55–64 years (about 2- to 3-fold for men and women, respectively), and 

approached the mortality rate of the general population for those aged 85 years or more. 

Estimates for individuals younger than 55 years were not stated in the study by Smolina, et 

al., but we have since been provided with information that mortality ratios were 2.6 for men 

and 5.6 for women aged 30-54 years after 4 years, which is more or less comparable to our 

findings (Smolina K, personal communication). For the period corresponding to that in the 

study by Smolina et al.7 we found mortality ratios of 4.3 and 2.4 for men aged 25–44 and 45–

54 years, respectively. For women aged 25–44 years, the estimated mortality ratio was 13.5, 

but this was based on very few cases (about four deaths per year). The estimate of 6.4 for 

women aged 45–54 years should be more reliable. It should be noted that women in the 

general population in this age range have very low mortality rates, which partially explains 

the high SMRs in women.  

 

The main limitation in the present study is the reliance on administrative registers with no 

details of changes in several characteristics, such as biomarkers, electrocardiographic 

findings, smoking, medication, hyperlipidemia, family history, ethnicity and socioeconomic 

status and a lack of other clinical information, notably hospital treatment and clinical 

presentation. Also, we were unable to apply uniform criteria for diagnosis over time. This 

limits considerably the interpretation that can be made, however, the findings should be 
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applicable to current patients with AMI in an industrialized modern country. The quality of 

the data is obviously of fundamental importance, but validation studies of the IPR indicate 

reasonable accuracy.13,14 Incorrect death certificates could lead to uncertainty with respect to 

attributing cause of death15, but IHD diagnoses has been estimated to be correct in 87%  for 

ischemic heart disease although the data from this study were collected two decades ago. 16
 

The causes of death are also considered to be more reliable for the younger population than 

for the elderly population. 
15
  

 

The strengths of the study include nationwide coverage with virtually no loss to follow-up and 

the large sample size. Given the low mortality in absolute terms, larger populations are 

needed, particularly for women, because they constitute less than 20% of the AMI population 

younger than 55 years.  

 

Conclusions 

These data extend and update what is currently known about sex-specific absolute and relative 

survival in patients with AMI younger than 55 years, with a large population of more than 

35,000 cases during a 20-year period. Among patients surviving for 28 days after AMI, the 

annual mortality rates are now comparatively low at approximately 1%. Given the much 

lower mortality in this age group in the general population, young survivors of AMI, 

particularly women, remain at a much higher risk of death, much of this, however, due to non-

CVD causes. Accordingly, while mortality is low in absolute terms, younger women with 

AMI lose the survival advantage women normally have over men. Additional strategies to 

bring mortality closer to that which would be expected for this age group are needed, in 

particular for women. 
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FIGURE LEGENDS 

 

Figure 1 Annual rate per 100.000 population in men and women aged 25-54 years 

surviving a first AMI for at least 28 days. 

 

Figure 2 Four-year trend in survival probability by period and time among men (n 30 047) 

aged 25–54 years with a first AMI 

 

Figure 3 Four-year trend in survival probability by period and time among women (n 7 229) 

aged 25–54 years with a first AMI 
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Figure 1 Annual rate per 100.000 population in men and women aged 25-54 years surviving a first AMI for 
at least 28 days.  
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Figure 2 Four-year trend in survival probability by period and time among men (n 30 047) aged 25–54 years 
with a first AMI  
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Figure 3 Four-year trend in survival probability by period and time among women (n 7 229) aged 25–54 
years with a first AMI  
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Supplemental Table 1: Baseline characteristics by period among 37,276 men and women with a first AMI, 1987–2006 

  1987-1991 1992-1996 1997-2001 2002-2006 p for trend 

Number of cases  Men 7628 (83.1) 7946 (82.4) 7558 (79.0) 6915 (77.9)  

Number of cases  Women 1556 (16.9) 1693 (17.6) 2014 (21.0) 1966 (22.1)  

Diabetes Men 542 (7.11) 728 (9.16) 814 (10.8) 933 (13.5) <.0001 

 Women  200 (12.9) 244 (14.4) 276 (13.7) 327 (16.6) 0.0043 

Hypertension Men 451 (5.91) 655 (8.24) 807 (10.7) 1228 (17.8) <.0001 

 Women  106 (6.81) 188 (11.1) 252 (12.5) 423 (21.52) <.0001 

Valvular disease Men 35 (0.47) 34 (0.43) 53 (0.70) 89 (1.29) <.0001 

 Women  11 (0.71) 16 (0.95) 17 (0.84) 32 (1.63) 0.0125 

Congenital heart disease  Men 7 (0.09) 1 (0.01) 6 (0.08) 9 (0.13) 0.2212 

 Women  1 (0.06) 3 (0.18) 4 (0.20) 5 (0.25) 0.1981 

Stroke Men 36 (0.47) 52 (0.65) 40 (0.53) 174 (2.52) <.0001 

 Women 10 (0.64) 18 (1.06) 21 (1.04) 61 (3.10) <.0001 

Chronic lower resp disease Men 61 (0.80) 77 (0.97) 86 (1.14) 144 (2.08) <.0001 

 Women  26 (1.67) 41 (2.42) 46 (2.28) 76 (3.87) 0.0001 

Page 56 of 61

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Malignancy Men 11 (0.14) 24 (0.30) 55 (0.73) 165 (2.39) <.0001 

 Women  10 (0.64) 17 (1.00) 14 (0.70) 58 (2.95) <.0001 

Renal failure Men  7 (0.09) 25 (0.31) 47 (0.62) 85 (1.23) <.0001 

 Women  3 (0.19) 15 (0.89) 13 (0.65) 35 (1.78) <.0001 
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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Item 

No Recommendation 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 

 

Title: Sex-specific trends in survival in 37,276 men and women with acute 

myocardial infarction before the age of 55 years in Sweden, 1987–2006. 

Prospective cohort study. 

 

(b) Provide in the abstract an informative and balanced summary of what was done 

and what was found 

 

Please see page 2 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 

 

Please see page 4-5 

Objectives 3 State specific objectives, including any prespecified hypotheses 

 

Please see page 5 

Methods 

Study design 4 Present key elements of study design early in the paper 

 

Please see page 5 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection 

 

Please see page 5-6 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

 

Please see page 5-6 

 

Case-control study—Give the eligibility criteria, and the sources and methods of 

case ascertainment and control selection. Give the rationale for the choice of cases 

and controls 

 

N/A 

Cross-sectional study—Give the eligibility criteria, and the sources and methods of 

selection of participants 

 

N/A 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed 

N/A 
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Case-control study—For matched studies, give matching criteria and the number of 

controls per case 

N/A 

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

 

Please see page 5-6 

Data sources/ 

measurement 

8* For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if there 

is more than one group 

Please see page 5-6 

Bias 9 Describe any efforts to address potential sources of bias 

 

N/A 

Study size 10 Explain how the study size was arrived at 

 

N/A. All patients in Sweden in the relevant age group were included. 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

 

Please see page 6 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 

 

Please see page 7-8 

(b) Describe any methods used to examine subgroups and interactions 

 

Please see page 7-8 

(c) Explain how missing data were addressed 

 

N/A 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

 

Loss to follow-up negligible 

 

Case-control study—If applicable, explain how matching of cases and controls was 

addressed 

N/A 

Cross-sectional study—If applicable, describe analytical methods taking account of 

sampling strategy 

N/A 

(e) Describe any sensitivity analyses 

 

N/A 

Continued on next page

Page 59 of 61

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

 3

 

Results 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, 

examined for eligibility, confirmed eligible, included in the study, completing follow-up, and 

analysed 

 

Please see page 5 

(b) Give reasons for non-participation at each stage 

 

N/A 

(c) Consider use of a flow diagram 

 

N/A 

Descriptive 

data 

14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information 

on exposures and potential confounders 

 

Please see page 5-6 

(b) Indicate number of participants with missing data for each variable of interest 

 

N/A 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 

 

Please see page 6 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 

 

Please see Table 2 and 3 , and page 15. 

Case-control study—Report numbers in each exposure category, or summary measures of 

exposure 

 

N/A 

Cross-sectional study—Report numbers of outcome events or summary measures 

 

N/A 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and 

why they were included 

 

Please see Table 2 and 3, and statistical methods. 

 

(b) Report category boundaries when continuous variables were categorized 

 

Done 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful 

time period 

 

Please see Tables 2 and 3. 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
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 4

analyses 

 

Please see page 15 

Discussion 

Key results 18 Summarise key results with reference to study objectives 

 

Please see page 15-16 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias 

 

Please see page 18-19 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity 

of analyses, results from similar studies, and other relevant evidence 

 

Please see page 15-19 

Generalisability 21 Discuss the generalisability (external validity) of the study results 

 

Please see page 18 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, 

for the original study on which the present article is based 

 

Please see page 19 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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