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ABSTRACT

Women and acute myocardial infarction
- studies of symptoms, mortality and prognosis

Johanna Berg

Department of Molecular and Clinical Medicine, Institute of Medicine,
Sahlgrenska Academy at University of Gothenburg, Gothenburg, Sweden

The primary aim of this thesis was to investigate recent data regarding sex differences 
in symptoms, mortality and case fatality in coronary heart disease (CHD), with the 
ultimate aim to increase knowledge about women and cardiovascular disease in order 
to improve the organisation of health care and prevention. Medical charts were used 
to study symptoms among patients in the population-based INTERGENE-study. The 
Swedish person-based national registers facilitate studies of trends over long periods. 
Data was collected from the Swedish National Cause of Death and Hospital Discharge 
registers. Analyses were performed in SAS, SPSS and Joinpoint.

Among 225 patients with fi rst time acute myocardial infarction (AMI) chest pain was 
the most common symptom in both men and women. Atypical symptoms occurred 
in both sexes. Women had more nausea, back pain, dizziness and palpitations and a 
higher number of symptoms than men. From 1987 to 2009 CHD mortality in Sweden 
decreased by two-thirds equally in men and women aged 35 to 84 years. In patients 
with a fi rst AMI or a fatal CHD event outside hospital from 1987 to 2011, women 
were on average four years older than men and had more comorbidities. 

The 28-day and 1-year survival after an AMI increased over the last two decades, 
more for men than for women, and hospitalised women below the age of 55 still 
retained a higher mortality than men. However, more men died outside hospital, and 
when fatal events outside hospital were included in the analysis men had a worse 
short term prognosis than women. Among 7229 women and 30047 men aged 25 to 54 
years with a fi rst AMI from 1987 to 2006 4-year survival improved substantially, with 
current annual mortality rates estimated at about 1% per year, but particularly women 
still have a much higher 4-year mortality than women in the general population. 

Keywords: myocardial infarction, women, signs and symptoms, chest pain, myocar-
dial ischemia, mortality, risk factors, coronary disease, epidemiology, survival
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INTRODUCTION

C ardiovascular disease (CVD) is the fi rst cause of death worldwide, accountable 
for 27% of deaths in men and 32% in women. Coronary heart disease (CHD) 

alone causes 7.2 million deaths annually1. 

Myocardial infarction
Acute myocardial infarction (AMI) is characterized by myocardial cell death due to 
coronary ischemia2. In Sweden, 15357 men and 10265 women had a fi rst time AMI 
in 2011. The age-standardised incidence was 584 per 100 000 for men and 299 for 
women3.

Gender differences
Pathophysiology 
The defi nition of myocardial infarction is “myocardial cell death due to prolonged 
ischemia”. The time to necrosis is affected by the presence of collateral vessels and 
if the occlusion of the coronary artery is persistent or intermittent2. The most com-
mon type of myocardial infarction is caused by atherosclerosis2. Atherosclerosis starts 
early in life, but onset is earlier in men than in women4. Women with acute coronary 
syndromes more often have nonobstructive disease on coronary angiography5-6. Wom-
en also have less calcifi cation of coronary plaques, smaller intramedial plaques and 
lower atheroma volume within the intima media of the coronary arteries7.

Symptomatology and diagnostics
The diagnosis of acute myocardial infarction (AMI) has recently been redefi ned2 after 
a succession of prior defi nitions. The current diagnostic criteria is observed change in 
cardiac troponin biomarkers together with at least one of the following; symptoms, 
ST-segment-T-wave changes, new left bundle branch block or pathological Q waves 
on the electrocardiogram (ECG), new loss of viable myocardium or lower wall mo-
tion on ultrasound, coronary thrombus on angiography or autopsy. Other forms of 
AMI include cardiac death with preceding symptoms or ischaemic changes (type 3 
AMI), percutaneous coronary intervention (PCI) (type 4a) or coronary artery bypass 
grafting (type 5) related AMI and stent thrombosis (type 4b). Type 1 is defi ned as 
spontaneous AMI related to atherosclerosis and type 2 is secondary to imbalance be-
tween cardiac oxygen supply and demand as a consequence of another condition e.g. 
coronary artery spasm or anaemia. 

Another subdivision of AMI is ST elevation (STEMI) and non-ST-elevation (NSTE-
MI) defi ned according to the ECG pattern. The division affects treatment options 
where immediate PCI is indicated in STEMI. Among all patients admitted with MI 
in Sweden from 1996-2006 more men than women had STEMI8. Smoking and male 
sex are related to STEMI, while high BMI and hypertension seem to be related to 
NSTEMI9. Smoking leads to increased fi brinogen and platelet activation. Patients 
with hypertension are more often older women with other comorbidities10. In a recent 
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study of patients with chest pain in Gothenburg, Sweden, women had a longer delay 
before being admitted to a hospital ward, receiving aspirin and investigation with 
coronary angiography11. 

Typical symptoms of AMI are chest pain, upper abdominal pain, arm pain, jaw pain, 
dyspnea and fatigue with a duration of more than 20 minutes. The discomfort is often 
diffuse and not correlated to movement or position. Associated symptoms are dia-
phoresis, nausea, or palpitations. AMI may also manifest without symptoms, as silent 
infarction, which is more common among women, people with diabetes, critically ill 
and older patients2. In a Swedish study of 5072 men and 1470 women with MI 86% 
of the men and 81% of the women had typical pain. With increasing age, more men 
had atypical symptoms12. Similarly, in a recent US study, the proportion of patients 
with AMI who presented without chest pain was signifi cantly higher for women than 
men. There was a signifi cant interaction between age and sex with chest pain at pre-
sentation, with a larger sex difference in younger than older patients, which became 
attenuated with advancing age13.  

Women with AMI are sometimes described as having dramatically different symp-
toms than men, but studies have, in fact, been inconsistent14-23 largely because of vary-
ing inclusion criteria, different study populations, and different methods. One aim of 
the present work was, therefore, to analyse gender differences in symptoms in a well-
defi ned, population-based sample of women and men who experienced a fi rst AMI.

Estrogen
Women develop coronary heart disease on average fi ve to ten years later than men24 
and have more angina before developing AMI25. Endogenous estrogen is believed to 
protect premenopausal women, through effects on fat distribution, blood lipids and 
coagulation. Low estrogen levels increase the risk of developing diabetes, hyperten-
sion and vulnerability to stress26. Estrogen affects vasomotor tone and cause vasodila-
tation through activation of nitric oxide synthase enzyme in the vascular endothelium. 
More than a decade ago, hormonal replacement therapy was believed to be cardiopro-
tective, based on observational studies mainly. However, not only were the effects on 
CHD disappointing, but further, hormonal replacement therapy increased the risk of 
breast cancer and stroke27-28.  

Risk factors and prevention  
Most CHD is caused by modifi able risk factors. In the INTERHEART study com-
paring 15152 AMI cases with 14820 controls from 52 countries nine risk factors; 
abnormal lipids, smoking, hypertension, diabetes, central obesity, psychosocial fac-
tors, consumption of fruit and vegetables, alcohol and lack of exercise, were found to 
explain 90% of all CHD cases worldwide in both sexes29. Men in INTERHEART were 
signifi cantly more likely to suffer an AMI prior to 60 years of age than were women, 
however, after adjusting for levels of risk factors, the sex difference in the probability 
of AMI cases occurring before the age of 60 years was reduced by more than 80%. 
The difference in age of fi rst AMI, accordingly, was largely explained by the higher 
risk factor levels at younger ages in men compared to women30.
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Women as a group furthermore have additional risk factors that do not affect men, 
such as pre-eclampsia, diabetes and hypertension during pregnancy as well as poly-
cystic ovary syndrome (PCOS)31. Pre-eclampsia is related to endothelial dysfunction. 
Gestational diabetes increases the risk for type 2 diabetes mellitus and CVD events 
post partum, and promotes earlier development of atherosclerosis, vascular infl am-
mation and endothelial dysfunction. Diabetes during pregnancy has become more 
common parallel with increasing obesity rates and higher maternal age32. Gestational 
hypertension have been associated with increased risk of diagnosed hypertension, im-
paired vascular and metabolic function 40 years post-partum33. PCOS increases the 
risk of developing the metabolic syndrome34.   

Women can experience increased stress related to their domestic life compared to 
men. In a three-year follow up of women admitted for AMI or unstable angina pec-
toris, who experienced stress from both work and family life, they had a decreased 
coronary artery diameter compared to women free of stress35. Marital stress in hetero-
sexual relationships has also been shown to increase the risk of recurrent infarction36.   
By and large, with respect to conventional risk factors, there seems to be little differ-
ence between effects of these factors on men and women. In the struggle to decrease 
cardiovascular disease, effective preventive strategies require a model with both pre-
vention among a healthy population and individuals with a high risk37. 

Comorbidity and mortality
During the 20th century the disease panorama has been shifting, promoted by a demo-
graphical and sociologic transition combined with economic growth. Omran initially 
described the epidemiological transition as a process with decreased mortality rates 
and birth rates alongside with increasing population sizes38. The distribution of mor-
tality, health and disease is affected by general changes in societies. As life expectancy 
increases, the causes of mortality transform. Yusuf et al. applied the model on CVD to 
explain the pattern of disease in fi ve stages with examples39: 

1.  The age of pestilence and famine - with rheumatic heart disease and cardiomyopa-
thies caused by infection and poor nutritional status in for example Sub-Saharan 
Africa 

2.  The age of receding pandemics - with hypertensive heart disease and hemorrhagic 
stroke added to the diseases in the fi rst age which is present in China

3.  The age of degenerative and man-made diseases - stroke and ischaemic heart dis-
ease among younger persons and increased obesity and diabetes which is seen in 
urban India and former socialist economies, 

4.  The age of delayed degenerative diseases - with stroke and ischaemic heart disease 
among the old as seen in Western Europe and North America and fi nally 

5.  The age of health regression and social disturbance - rheumatic heart disease, in-
creased violence and alcoholism, ischaemic and hypertensive heart disease among 
the young which the authors suggest as a new stage resulting from impaired health 
and social structures that may affect Russia as an example.  
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In Sweden coronary heart disease (CHD) mortality peaked in the late 1970s40-41. The 
subsequent decrease in CHD mortality in Sweden has been explained by less smok-
ing and improved lipid levels, with improvement in medical management explaining 
roughly one third42. Different patterns of CHD mortality is seen in different coun-
tries and also vary within geographical regions41, 43. Knowledge on risk factors could 
be used in low- and middle income countries to prevent an approaching epidemic44. 
Knowledge about manifestations of coronary heart disease in both men and women is 
essential to develop effective preventive strategies.

Trends in CHD mortality and case-fatality 
In Sweden, age-adjusted mortality rates from CHD have been declining since the 
1980s42. However, in the last 10 years, research from some Western coutries has shown 
a fl attening in the decrease in mortality among younger adults45-49, or no decline at all 
among people aged less than 55 years50. In contrast, a study from the Netherlands 
showed an initial fl attening of the mortality decline among young people followed by 
a decrease51. Sex-specifi c recent trends have not previously been reported for separate 
age groups in Sweden. 

We and others24, 52 have reported that younger, but not older, women hospitalised with 
AMI have a worse prognosis than men. Thereafter marked changes in treatment, clini-
cal presentation, diagnostic criteria and prognosis after AMI have been observed. Few 
studies have included out-of-hospital deaths. We therefore set out to to investigate 
past and current sex differences in survival after AMI in hospitalised cases but also 
including deaths from CHD that occurred outside hospital. 

Long-term survival after acute myocardial infarction (AMI) has markedly improved 
during the last several decades in Sweden and elsewhere53-55. Survivors of AMI are, 
however, known to have an impaired prognosis compared with the general popula-
tion56. Women live longer than men, and accordingly stand to lose more of their re-
maining life years than do men. Most patients with AMI are elderly; accordingly, most 
available information on long-term survival is based on patients older than 55 years. 
However, a substantial proportion (about one in six AMI survivors) are younger than 
55 years57. 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.

Few data sets contain a suffi cient number of young patients to reliably estimate sex-
specifi c trends in long-term survival and risk of death compared with the general 
population. In addition, more information is needed about cause-specifi c mortality, 
because an unknown proportion of deaths may not be due to cardiovascular causes, 
and will thus be less amenable to coronary preventive measures. 
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AIMS

The overall aim of the present work was to provide recent data about sex differences 
in manifestations, mortality and case fatality from coronary heart disease in order to 
increase knowledge regarding cardiovascular disease in women, which is essential to 
organise healthcare and preventive measures. The specifi c aims were fourfold:

   -  To analyse sex differences in symptoms of acute myocardial infarction in a 
well-defi ned population of men and women with a fi rst AMI.

   - To investigate age-and sex-specifi c trends in CHD mortality in Sweden

   -  To investigate sex differences in short and long term survival after AMI in 
hospital and outside hospital

   -  To investigate trends in 4-year survival in young men and women with a fi rst 
AMI in comparison with that expected in the population.
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METHODS

Ethical considerations
All studies were approved by the Regional Ethics Board of Gothenburg.

To ensure anonymity, all personal identifi ers were removed and replaced with a se-
quential number.

Study populations and design
Paper I is a subanalysis of patients included in the INTERGENE  (Interplay between 
genetic susceptibility and environmental factors for the risk of chronic diseases) 
study. INTERGENE was a case-cohort study comparing risk factors for CVD be-
tween persons with acute coronary syndromes and healthy controls. INTERGENE 
study included 618 patients (73.4% men and 26.6% women) with CHD, 295 with a 
fi rst episode of acute myocardial infarction (AMI) or unstable angina pectoris, and the 
rest with chronic CHD, defi ned as either prior AMI or positive angiogram. The upper 
age limit was 75 years. In the present study, only persons with a fi rst AMI were in-
cluded, defi ned as typical symptoms and and either typical ECG changes or increased 
levels of creatinine kinase MB (>5g/L) or troponin T (>0.05g/L). Medical charts 
were analysed for information regarding all documented symptoms. Baseline patient 
characteristics were collected from the INTERGENE study.

Paper II is an observational population based study including the total Swedish popu-
lation aged 35-84 years and analyses data from the Swedish National Register on 
Cause of Death regarding coronary heart disease mortality. Population count was re-
trieved from the national Board of Statistics Sweden. 

Paper III is a population based study using data from the national Swedish person-
based Hospital Discharge and Cause of Death registers. All persons in Sweden aged 
35-84 years with a fi rst coronary event, either hospitalisation for AMI or CHD death 
outside hospital were included. Baseline patient characteristics were collected from 
the Hospital Discharge register as comorbidities based on principal or contributory 
diagnoses until and including the index event.  The following comorbidities were reg-
istered: diabetes (ICD-9 250, ICD-10 E10-14), hypertension (ICD-9 401-405, ICD-
10 I10-I15), stroke (ICD-9 430-434, 436, ICD-10 I60-I64), coronary heart disease 
(CHD) (except AMI) (ICD-9 411-414, ICD-10 I20, I22-I25), heart failure (HF) (ICD-
8 427,10, 427,0, ICD-9 428A, 428B and 428X, ICD-10 I50), atrial fi brillation (ICD-
8 427,92, ICD-9 427D, ICD-10 I48), malignancy ICD-8 and ICD-9 140-208, ICD-10 
C00-C97) and chronic obstructive respiratory disease (ICD-8 and ICD-9 490-496, 
ICD-10 J44-J45). Comorbidities were registered until and including the index hospi-
talisation, which means that persons included because of CHD death outside hospital 
had less chance of having a registered diagnosis of eg. diabetes or hypertension.

Paper IV is a population based study using data from the Swedish National Inpatient 
and the National Cause of Death registers. All 37,276 patients (7,229 women and 
30,047 men) patients in Sweden aged 25–54 years and hospitalised with a fi rst AMI 
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in 1987–2006 and surviving at least 28 days were included; AMI was defi ned as a 
principal discharge code according to the ICD-9: 410 (until 1996) and ICD-10: I21 
(from 1997 onward). Data from 1980 onward were used to identify fi rst AMIs only, 
with a time frame of 7 years throughout, to ensure that AMIs registered each year had 
the same chance of being identifi ed as a fi rst AMI. Criteria for a diagnosis of AMI 
in Sweden have followed established guidelines, changing after the adoption of new 
AMI criteria in the year 200058. Thus, the characteristics of the AMIs in our analysis 
changed during the study period. Use of troponins became standard after the year 
2000. Survival in patients was compared to the general population in correspond-
ing ages. Baseline patient characteristics were collected from the Hospital Discharge 
register.

Statistical analyses

Paper I
Statistical analyses were performed using SPSS 12.0 for Windows (SPSS Inc., Chi-
cago, IL, USA). The prevalence of each descriptor was compared according to gender. 
Comparisons are expressed as odds ratios (OR), with 95% confi dence intervals (CI), 
with men as a reference. The results of symptom distribution in men and women were 
adjusted for age using a binary logistic regression analysis. Signifi cance levels were 
estimated with the χ2 test except for mean age, where a t-test was used. The signifi -
cance limit was set at p<0.05. All p values are two-sided.

Paper II
To analyse the mortality rates over time, we used joinpoint regression for estimation 
of the annual percentage change and to identify the specifi c years when signifi cant 
changes in the trends occurred (Joinpoint Regression Program, version 3.3.1. April 
2008; Statistical Research and Applications Branch, National Cancer Institute). We 
fi tted the data in a log-linear model and set the number of possible joinpoints between 
0 and 3. The program analysed if there was a change in the trend curve, a suggested 
joinpoint where the annual percent change became inconstant. The true number of 
joinpoints was verifi ed with a permutation test to obtain a signifi cance level. For each 
estimate of mean annual percentage change, 95% confi dence intervals (CIs) were cal-
culated. Variance was analysed with the Poisson model using count. 

Paper III
Trends in prognosis were analysed in the IBM SPSS Statistics package version 21 
with Cox proportional hazards regression model and controlled for age and multiple 
factors to obtain hazard ratios (HRs) with 95% confi dence intervals (CIs). Baseline 
patient characteristics were analysed for age group, sex, and period separately. Sig-
nifi cance levels was analysed with independent samples T-test for mean age and with 
a χ2 test for to determine if there were signifi cant trends in the baseline prevalence of 
diabetes, hypertension, stroke, coronary heart disease (CHD) (except AMI),  heart 
failure, atrial fi brillation, malignancy and chronic obstructive respiratory disease. All 
p-values were two-sided. The χ2 tests were corrected with the Yates’s Correction for 
Continuity. For confi dentiality, all personal identity numbers were replaced by codes. 
The study was approved by the Regional Ethics Board of Gothenburg.
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Paper IV
All statistical analyses were performed with SAS 9.3, using R version 2.15.1 to obtain 
the graphs. For comorbidities, χ2 tests were used to evaluate differences between men 
and women; a p-value of ≤0.05 was considered signifi cant. To compare mean age 
within the respective age groups, t-tests were performed.

In addition, to compare mortality among the study population with the general popu-
lation, standardised mortality ratios (SMR) with 95% confi dence intervals (CIs) were 
calculated as the ratio of the observed to expected number of deaths, estimated from 
rates in the general population by age, gender, and calendar year. To calculate ex-
pected death rates, life expectancy tables from Offi cial Statistics of Sweden (SCB) 
were used.

Further, the absolute excess risk (AER) was estimated and defi ned as the absolute dif-
ference 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. 

Cox proportional hazard regression, providing hazard ratios (HR) with 95% CIs, was 
used to estimate age- and gender-specifi c changes in all-cause mortality over time59. 
The fi rst period (1987–1991) was used as reference; all fi nal models were adjusted 
for age. 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 sta-
tistically signifi cant60.
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RESULTS

Paper I: Symptoms of a First Acute Myocardial Infarction in Women and 
Men
The aim of this study was to analyse sex differences in symptoms of acute myocardial 
infarction registered in medical charts for men and women separately. Two hundred 
twenty-fi ve patients with a fi rst AMI: 52 (23.1%) women and 173 (76.9%) men were 
included. Women were on average two years older than men. There were no signifi -
cant differences in smoking, diabetes or hypertension. 

The majority of men (95%) and women (88%) presented with chest pain, with no 
statistically signifi cant difference between genders. More women had nausea (expe-
rienced by 54% as compared to 30% for the men). In addition, 42% of the women 
had back pain compared to 15% for the men. Dizziness and palpitations were also 
more common in women than in men. There were no signifi cant gender differences 
in the proportion of patients experiencing arm or shoulder pain, diaphoresis, fatigue, 
dyspnea, neck pain, abdominal pain, vomiting, syncope/light-headedness or jaw pain. 
Women had a signifi cantly higher number of symptoms reported in their records, 
mostly four to six, whereas most men reported three symptoms or less (Table 1).

Table 1. Distribution of symptoms of an acute myocardial infarction

Symptoms  
(%) 

Men
(n=173)

Women
(n=52)

OR
(95% CI) 

Chest pain 94.8 (164) 88.5 (46) 0.49 (0.16-1.50)
Arm and shoulder pain  59.6 (103) 61.8 (32) 1.00 (0.52-1.90)
Nausea 29.5 (51) 53.8 (28) 2.78 (1.47-5.25)
Diaphoresis 42.8 (74) 34.6 (18) 0.75 (0.39-1.45)
Back pain 14.5 (25) 42.3 (22) 4.29 (2.14-8.62)
Fatigue 19.1 (33) 30.8 (16) 1.84 (0.91-3.72)
Dyspnoea  27.2 (47) 34.6 (18) 1.41 (0.73-2.75)
Neck pain 22.0 (38) 25.0 (13) 1.19 (0.57-2.45)
Dizziness 7.5 (13) 17.3 (9) 2.60 (1.04-6.50)
Abdominal pain 7.5 (13) 15.4 (8) 2.39 (0.92-6.18)
Vomiting 6.9 (12) 13.5 (7) 2.06 (0.76-5.58)
Palpitations 2.9 (5) 11.5 (6) 3.99 (1.15-13.84)
Syncope/light-headedness 9.8 (17) 3.8 (2) 0.37 (0.08-1.64)
Jaw pain 7.7 (16) 9.2 (4) 0.80 (0.25-2.51)
More than three symptoms 48.0 (83) 73.1 (38) 3.26 (1.62-6.54)
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The mean time from chest pain onset until complete pain relief was, on average, 15 
hours for women versus 13 hours and 17 minutes for men. This difference was mainly 
due to some patients with very prolonged pain. However, there was no signifi cant dif-
ference in median duration of pain between men and women. Moreover, there was no 
signifi cant difference in location or type of pain. Central pressing pain was the most 
common symptom for both genders. Of 225 patients, 210 presented with chest pain. 
The characteristics of the pain were recorded in 208 of the 225 medical charts. Women 
tended to have less persistent and more intermittent chest pain, but overall, differences 
were not signifi cant.

Paper II: Continuing decrease in coronary heart disease mortality in 
Sweden
A fl attening of the decrease in coronary heart disease mortality has been observed in 
parts of the Western world. The aim with this population based study was to determine 
whether the decrease in coronary heart disease mortality is fl attening also in Swedish 
young adults.

In Sweden, the overall age-adjusted mortality rates from CHD decreased by 65.1% 
in women from 1987 to 2009. The annual overall rate of decline in women increased 
from 3.4 % to 4.8 % in 1993. In men, the overall decrease in CHD mortality was 
67.4% from 1987 to 2009. In 1995 the average annual rate of decline changed from 
4.2% to 5.1% from 1995 to 2009. Accordingly, the rate of decline of the overall CHD 
mortality rates has been more rapid in both sexes during the latter part of the period 
(Figure 1).

Figure 1. Trends in age-adjusted mortality rates from coronary heart disease mortal-
ity for adults aged 35–84 years in Sweden from 1987 to 2009.
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When considering age-specifi c trends in mortality rates from 1987 among women 
aged 35–54 years, an increase was observed during the fi rst few years, followed by 
a decrease, and the rate varied from year to year (Figure 1, Tables 2, 3). Apparent in-
creases in mortality rates for young women for some years were observed, followed 
by decreases, with no observed joinpoint, however, numbers were small. In women 
aged 55–64 years, non-signifi cant apparent attenuations were observed between 1989 
to 1991, 1997 to 1999 and 2003 to 2005. The mortality continued to decline in 65–74 
year old women, accelerating slightly after 1996. There was a brief fl attening in the 
rate of decrease from 1989 to 1992 for the oldest women, after which mortality de-
creased.

Among the youngest men (35–54 years), there was a modest attenuation in CHD mor-
tality rate between 1991 and 2009 from a very marked initial decrease. In men aged 
55–64 years, no fl attening in mortality rate was observed. Among men aged 65–74 
years and 75–84 years, both groups displayed joinpoints, with an accelerated decrease 
after the mid-90s. 

Age group (years)  No of deaths Rates per 105 Annual percentage  
and periods  (max-min)1 (max-min)2 change (95% CI) 

35-54:    
1987-1991  689-545 68.7-47.4 -8.1* (-11.5 to -4.6) 
1991-2009  578-282 47.4-22.5 -3.9*  (-4.4 to -3.4) 

55-64:    
1987-2009  1992-796 465-132 -5.6* (-5.9 to -5.4) 

65-74:    
1987-1997  5099-2923 1260-768 -4.6* (-5.1 to -4.1) 
1997-2009  2923-1545 768-350 -6.1* (-6.6 to -5.6) 

75-84:    
1987-1995 6284-5225 2927-2298 -3.1* (-3.9 to -2.4) 
1995-2009  5320-2714 2299-1119 -4.6* (-5.0 to -4.2) 

35-84:    
1987-1995 13935-10501 644.2-461.9 -4.2* (-4.7 to -3.6) 
1995-2009 10501-5339 461.9-210.2 -5.1* (-5.4 to -4.8) 

*Annual Percentage Change (APC) is significantly different from zero at alpha = 0.05. 
1The total number of deaths in the age group for each particular year.  
2Comparison of  the   mortality rates in each age group and time interval. 

Table 2. Age-standardised trends in coronary heart disease mortality among Swedish 
men from 1987 to 2009: Joinpoint analysis
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Paper III: Sex differences in survival after myocardial infarction in Swe-
den, 1987-2010
In this population based study we investigated sex differences in short and long term 
survival after acute myocardial infarction in hospital and outside hospital.

During the 24-year study period, 470,420 patients were admitted to hospital with a 
fi rst AMI and 187,690 patients had a fatal CHD event outside hospital, 234,651 wom-
en and 423,459 men, in total 658,110 persons. The mean age was 68.3 years for men 
and 72.7 years for women in hospital and 71.9 versus 75.9 years for men and women 
out-of-hospital, thus women were on average four year older than men. 

Women had more diabetes, hypertension, stroke, heart failure, atrial fi brillation, 
chronic respiratory disease and cancer while men had more coronary heart disease 
(CHD). Among the younger adults, 35-54 years, women in and outside hospital still 
had more diabetes, hypertension, stroke, chronic respiratory disease and malignancy 
concurrent with their coronary event compared to men. There were no signifi cant sex 
differences in age or CHD but more men had atrial fi brillation. Among the hospital-
ised events women also had signifi cantly more heart failure. Largely similar patterns 
were observed for middle-aged adults, 55-64 and 65-74 years. 

In the oldest group, 75-84 years, men admitted to hospital had more stroke, CHD and 
malignancy. Older men with fatal CHD events outside hospital in addition had more 

Age group (years)  No of deaths Rates per 105 Annual percentage 
and periods  (max-min)1 (max-min)2 change (95% CI) 

35-54    
1987-2009  104-63 11.6 -5.2 -3.1* (-3.7 to -2.4) 

55-64:    
1987-2009  482-216 107-39.1 -4.7* (-5.1 to -4.2) 

65-74:    
1987-1996  1978-1346 417-289 -4.3* (-5.0 to -3.5) 
1996-2009  1346-588 294-128 -5.7* (-6.3 to -5.2) 

75-84:    
1987-1989  4928-4480 1617-1418 -6.5* (-10.9 to -1.8) 
1989-1992  4518-4421 1418-1360 -1.5 (-6.4 to 3.7) 
1992-2006  4421-2428 1360-729 -4.5* (-4.8 to -4.2) 
2006-2009  2428-1855 729-578 -6.9* (-10.5 to -3.2) 

35-84:    
1987-1993 7496-6376 301.1-244.2 -3.4* (-4.4 to -2.4) 
1993-2009 6376-2758 244.2-105.1 -4.8* (-5.1 to -4.5) 

*Annual Percentage Change (APC) is significantly different from zero at alpha = 0.05  
1The total number of deaths in the age group for each particular year.  
2Comparison of the mortality rates in each age group and time interval. 

Table 3. Age-standardised trends in coronary heart disease mortality among Swed-
ish women from 1987 to 2009: Joinpoint analysis 
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Age (years) Men, n (%) Women, n (%) HR (95% CI) HR (95% CI)2

35-54     
1987-1992 617 (6.21) 203 (9.33) 1.52 (1.30-1.78) 1.25 (1.06-1.47) 
1993-1998 432 (4.26) 157 (6.58) 1.55 (1.29-1.86) 1.33 (1.10-1.60) 
1999-2004 338 (3.72) 148 (5.48) 1.49 (1.23-1.80) 1.27 (1.04-1.54) 
2005-2010 195 (2.28) 96 (3.68) 1.63 (1.28-2.08) 1.44 (1.12-1.85) 

55-64
1987-1992 1837 (11.10) 712 (13.90) 1.24 (1.14-1.35) 1.15 (1.05-1.25) 
1993-1998 1178 (8.18) 433 (9.37) 1.12 (1.01-1.26) 1.06 (0.95-1.18) 
1999-2004 824 (5.27) 403 (7.48) 1.41 (1.25-1.59) 1.29 (1.15-1.46) 
2005-2010 743 (4.39) 315 (5.65) 1.28 (1.12-1.46) 1.14 (1.00-1.30) 

65-74 
1987-1992 5938 (20.27) 3170 (21.33) 1.03 (0.99-1.08) 1.00 (0.96-1.05) 
1993-1998 3850 (15.58) 2186 (16.91) 1.07 (1.02-1.13) 1.04 (0.99-1.10) 
1999-2004 2520 (11.62) 1342 (11.61) 0.98 (0.92-1.05) 0.96 (0.90-1.03) 
2005-2010 1618 (7.90) 826 (8.12) 1.00 (0.92-1.09) 0.96 (0.88-1.05) 

75-84 
1987-1992 8645 (32.87) 7354 (31.55) 0.93 (0.90-0.96) 0.93 (0.90-0.96) 
1993-1998 6919 (26.97) 5762 (26.24) 0.95 (0.91-0.98) 0.96 (0.92-0.99) 
1999-2004 5807 (20.66) 4769 (19.72) 0.93 (0.89-0.97) 0.94 (0.90-0.98) 
2005-2010 3769 (16.08) 3049 (15.31) 0.92 (0.88-0.97) 0.93 (0.88-0.97) 

1Age-adjusted. 2Multiadjusted for age, diabetes, hypertension, stroke, heart failure, atrial fibrillation, 
chronic respiratory disease and malignancy. 

Table 4. 28-day age adjusted case fatality rates and hazard ratios (HRs) for wom-
en compared to men after hospital admission for acute myocardial infarction in 
Sweden from 1987-2010

heart failure, atrial fi brillation and chronic respiratory disease. Women were older and 
had more diabetes and hypertension.

For the patients admitted to a hospital the short-term prognosis improved markedly 
with a decreasing proportion of both men and women dying within 28 days of admis-
sion to hospital. For men admitted to hospital the overall case fatality was 9% in the 
last period 2005-2010 compared to 21% from 1987 to 1992, with corresponding fi g-
ures for women 11% and 25%. 

However, comparing women and men stratifi ed for age revealed no improvement 
in the mortality gap between women and men. The largest difference was found in 
younger women (35-54 years) with a largely unchanged age-adjusted hazard ratio 
(HR) compared to men of 1.63 (95% CI 1.28-2.08) and a in a model adjusted for 
comorbidities a HR of 1.44 (95% CI 1.12-1.85) in the last 6-year period. For women 
55-64 years the age-adjusted HR compared to men in the last period was 1.28 (95% 
CI 1.12-1.46), which was reduced to 1.14 (1.00-1.30) after adjustment for co-morbidi-
ties. For those aged 65-74 the survival was similar for men and women. From 75 years 
women had a better prognosis than men, adjusted HR 0.93 (CI 0.88-0.97) in the last 
period, but again with no change over time (Table 4).
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Of all persons dying from CHD outside hospital 65% were men. When all cases of 
fatal CHD events outside hospital were added to the hospitalised AMI cases, men had 
an overall worse short term prognosis. 

The adjusted HR for women compared to men was 0.87 (CI 0.78-0.97) in the young-
est age group, 0.91 (C.I. 0.85-0.96) for those aged 55-64 years, 0.85 (C.I. 0.82-0.89) 
for those aged 65-74 years and 0.91 (C.I. 0.89-0.94) in the oldest age group in the last 
period (Table 5). 

Age (years) Men, n (%) Women, n (%) HR (95% CI)1 HR (95% CI)2

35-54     
1987-1992 2873 (23.57) 618 (23.86) 1.01 (0.93-1.10) 0.96 (0.88-1.05) 
1993-1998 2659 (21.51) 556 (19.96) 0.92 (0.84-1.01) 0.90 (0.82-0.99) 
1999-2004 2107 (19.41) 533 (17.27) 0.89 (0.81-0.97) 0.85 (0.77-0.94) 
2005-2010 1613 (16.16) 419 (14.30) 0.88 (0.79-0.98) 0.87 (0.78-0.97) 

55-64     
1987-1992 7439 (33.58) 2074 (31.98) 0.93 (0.89-0.98) 0.92 (0.87-0.96) 
1993-1998 5480 (29.30) 1489 (26.22) 0.88 (0.83-0.93) 0.86 (0.81-0.91) 
1999-2004 4846 (24.64) 1454 (22.57) 0.90 (0.85-0.96) 0.88 (0.83-0.93) 
2005-2010 4546 (21.93) 1357 (20.52) 0.92 (0.87-0.98) 0.91 (0.85-0.96) 

65-74     
1987-1992 19681 (45.73) 8322 (41.58) 0.88 (0.86-0.90) 0.88 (0.86-0.90) 
1993-1998 14765 (41.44) 17190 (37.51) 0.88 (0.86-0.91) 0.88 (0.86-0.91) 
1999-2004 10079 (34.45) 4376 (29.99) 0.85 (0.82-0.88) 0.86 (0.83-0.89) 
2005-2010 7983 (29.73) 3238 (25.73) 0.84 (0.81-0.88) 0.85 (0.82-0.89) 

75-84     
1987-1992 26739 (60.23) 21501 (57.40) 0.92 (0.90-0.93) 0.93 (0.91-0.95) 
1993-1998 23502 (55.64) 18550 (53.38) 0.93 (0.91-0.95) 0.95 (0.93-0.96) 
1999-2004 19023 (46.03) 14743 (43.16) 0.91 (0.89-0.93) 0.93 (0.91-0.95) 
2005-2010 14404 (42.27) 10416 (38.17) 0.87 (0.85-0.89) 0.91 (0.89-0.94) 

1Age-adjusted. 2Multiadjusted for age, diabetes, hypertension, stroke, heart failure, atrial fibrillation, 
chronic respiratory disease and malignancy. 

Table 5. 28-day age adjusted case fatality rates and hazard ratios (HRs) for women 
compared to men for all fi rst CHD events (hospital admission for acute myocardial in-
farction or CHD death outside hospital) in Sweden from 1987-2010

The overall 1-year prognosis improved over the period. The total mortality for women 
from day 29 to 365 after their myocardial infarction was 10.4% during the period 
2005 to 2010 compared to 16.0% during the fi rst period 1987 to 1992. For men the 
long term case fatality decreased from 12.7% to 7.8%. Age-specifi c 1-year survival 
improved for both men and women. 

Age-adjusted mortality was higher among women aged 55-64 and 65-74, compared 
to men of the same age, in the last period 2005-2010, but after adjustment there were 
no signifi cant gender differences at any period (Table 6). 
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Age (years) Men, n (%) Women, n (%) HR (95% CI)1 HR (95% CI)2

35-54     

1987-1992 280 (3.0) 86 (4.4) 1.46 (1.15-1.86) 1.09 (0.85-1.40) 
1993-1998 226 (2.3) 56 (2.5) 1.08 (0.80-1.44) 0.85 (0.63-1.15) 
1999-2004 146 (1.7) 54 (2.1) 1.27 (0.93-1.74) 0.95 (0.69-1.31) 
2005-2010 97 (1.2) 38 (1.5) 1.32 (0.91-1.93) 1.01 (0.68-1.49) 

55-64 
1987-1992 855 (5.81) 283 (6.41) 1.10 (0.94-1.24) 0.96 (0.84-1.10) 
1993-1998 553 (4.18) 203 (4.84) 1.12 (0.95-1.32) 1.01 (0.86-1.19) 
1999-2004 519 (3.50) 212 (4.25) 1.18 (1.00-1.38) 0.98 (0.83-1.15) 
2005-2010 452 (2.79) 212 (4.03) 1.43 (1.21-1.68) 1.16 (0.98-1.37) 

65-74 
1987-1992 2885 (12.35) 1409 (12.05) 0.94 (0.89-1.01) 0.88 (0.83-0.94) 
1993-1998 2030 (9.73) 972 (9.05) 0.90 (0.83-0.97) 0.84 (0.78-0.91) 
1999-2004 1645 (8.58) 851 (8.33) 0.95 (0.87-1.03) 0.88 (0.81-0.96) 
2005-2010 1186 (6.29) 687 (7.35) 1.13 (1.03-1.24) 1.04 (0.94-1.14) 

75-84 
1987-1992 4224 (23.92) 3675 (23.03) 0.92 (0.88-0.97) 0.90 (0.86-0.94) 
1993-1998 3734 (19.93) 3025 (18.67) 0.90 (0.86-0.95) 0.90 (0.86-0.95) 
1999-2004 4214 (18.90) 3379 (17.41) 0.88 (0.84-0.92) 0.87 (0.83-0.91) 
2005-2010 3211 (16.32) 2595 (15.38) 0.90 (0.85-0.95) 0.89 (0.85-0.94) 
1Age-adjusted. 2Multiadjusted for age, diabetes, hypertension, stroke, heart failure, atrial fibrillation, 
chronic respiratory disease and malignancy. 

Table 6.  Age adjusted case fatality and hazard ratios after acute myocardial infarction 
for adults aged 35–84 years from day 29 to 365 in Sweden from 1987 to 2011

Paper IV: Sex-specifi c trends in long-term mortality in 37,276 men and 
women with acute myocardial infarction before the age of 55 years in 
Sweden, 1987-2006 
In this study we aimed to examine sex-specifi c trends in 4-year mortality among young 
patients with a fi rst acute myocardial infarction in 1987 to 2006. Of the 37,276 pa-
tients 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). 

Diabetes and hypertension were the most common comorbidities. Other comorbidites 
had a low prevalence. Women had more diabetes, hypertension, stroke, and chronic 
lower respiratory disease than did men (p<0.0001). Diabetes increased from 8.1% to 
14.2% and hypertension from 6.1% to 18.6% over the period. Although the rates of 
other comorbidities remained low (<3%), there was a striking increase in the rates of 
stroke, chronic respiratory disease, malignancy, and renal failure in the last period, 
when troponins were the dominant markers for AMI diagnosis.

Women aged 25–44 years had a nearly 14-fold higher risk for death compared with 
the general population, while men of similar age had an approximately 6-fold in-
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creased risk. In patients aged 45–54 years men had a 3-fold higher risk and women a 
5-fold compared to the general population (Table 7).

For men aged 25–54 years, the annual excess risk of dying decreased continuously 
from the fi rst to last period. Women displayed more complicated trends, starting from 
higher absolute risks of dying compared with men, decreasing sharply until the lowest 
point in 1997–2001, and then increasing in the last period to more than twice the risk 
in men of the corresponding age groups.

In men aged 25–44 years, the mortality risk decreased by nearly 59% during the study 
period. In men aged 45–54 years the decrease was 53%. Women aged 25–44 years had 
an overall decline in mortality risk of approximately 50%. No signifi cant decrease in 
mortality risk in the last, compared with the fi rst period was observed in women aged 
45–54 years.

We analysed the causes of the 2,076 deaths that occurred within 4 years in this cohort. 
Overall, three of four deaths in men were due to cardiovascular disease or diabetes 
(74.5%) with the majority (61.0%) due to coronary heart disease, leaving 10.8% due 
to malignancies and 14.7% due to other causes. Women displayed a slightly different 
pattern, with 63.6% due to cardiovascular disease or diabetes (41.1% due to coro-
nary heart disease), but signifi cantly more due to diabetes (16.1%) compared with 
men (6.3%). Altogether, one-third of all deaths in women were due to malignancies 
(18.4%) or other causes (18.0%). 

Age Observeda Expectedb SMR (95% CI) ARc AERd

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; SMI, standardised 4-year 
mortality ratio; AR, absolute risk; AER, absolute excess risk

Table 7.  Standardised 4-year mortality ratio by age among 37,276 men and women 
aged <55 years with a fi rst AMI, 1987–2006
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Survival in men improved continuously over the four 5-year periods (Figure 2), while 
the prognosis in women improved until the third period, and then reverted to a rate 
nearly identical to that in the second period (Figure 3). 

Figure 2. Four-year trend in survival probability by period and time among 
men aged 25–54 years with a fi rst AMI.

Figure 3. Four-year trend in survival probability by period and time among 
women aged 25–54 years with a fi rst AMI.
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DISCUSSION

Symptoms of acute myocardial infarction in women and men
Our study, based on consecutive male and female patients with a fi rst-time MI showed 
that chest pain is the most common presenting symptom in both men and women, and 
was present in 9 out of 10 patients. Arm and/or shoulder pain was present in about 
60% of men and women alike. Back pain, nausea, dizziness and palpitations were 
more common in women and, additionally, women had, on average, a greater number 
of symptoms.

In the literature on this subject, it is frequently held that women´s symptoms may 
be misleading and that both patients and physicians may misinterpret them. In some 
earlier studies more men than women had chest pain as a chief complaint21, 61. Fewer 
studies found signifi cant differences in the overall occurrence of chest pain21-22, 62 or 
arm/shoulder pain22.   

The two common symptoms that occurred more in women in the present study were 
nausea and back pain, a fi nding that has been reported elsewhere14, 16-19, 21-22. How-
ever, the gender differences in symptoms of AMI in earlier studies have varied14, 16-22. 
Women in the present study also presented with a higher number of specifi c symptoms 
compared to men. In a review by Canto et al.13, in contrast to our fi ndings, women 
were found to have less chest pain than men. The authors considered that this might be 
due to the fact that women with AMI commonly are older and have more comorbidi-
ties than men, which we also found in Paper III. The difference between our fi ndings 
and those of the review by Canto et al. may be explained by the relatively young age 
of our sample, and that there was no signifi cant difference in age. Because women 
present 5 to 10 years later than men, age is an important factor when comparing men 
and women with AMI. Studies have found that older patients less often presented with 
chest pain and had more atypical symptoms, including atypical pain, no pain or dys-
pnea, stroke, confusion and weakness. The older patients had fewer electrocardiogram 
changes  but more complications (e.g. heart failure) and were diagnosed later63-66. Ex-
planations for the differences could be a lower sensation of pain because of a higher 
pain threshold67 and changes in autonomic function among aged patients68.

Several factors may affect the experience of pain in ACS. One study on pain inten-
sity in patients with MI or unstable angina found that four factors affected ischemic 
pain variability: the extent of the myocardial damage, possible autonomic neuropathy, 
endogenous opioid activity and psychological processes69. According to Legato, the 
physiology and anatomy of men and women differ. The size of a woman’s heart is 
two-thirds that of a man’s; in addition, a woman’s coronary arteries are smaller. There 
are also gender differences in the ionic channels of the myocardium, where women 
in general have a higher heart rate and more often report palpitations70. Moreover, 
the vascular reactivity or the balance between vasodilating and vasoconstricting fac-
tors differs between men and women. During acute coronary occlusion, women more 
often have vagal activation and female patients are possibly more disposed to para-
sympathetic symptoms (such as nausea and dizziness)71, which were more common in 
women in the present study. 
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The interpretation of chest pain in women is infl uenced of their perception of the 
individual’s disease risk, both by the patient and physician15. In one study 60% of the 
patients diagnosed with acute MI attributed their symptoms to noncardiac causes be-
fore they came into contact with medical personnel72.  In this group there was a greater 
proportion of women. One possible interpretation of our fi nding could be that women 
have chest pain to the same extent as men, however the presence of  a greater number 
of symptoms could mislead the physician towards musculoskeletal, gastrointestinal or 
neurological causes of the complaints15. This could delay adequate treatment.

The women in our study had several symptoms, which may make it diffi cult to estab-
lish or suspect a diagnosis. An important focus in future studies should be to evaluate 
possible pathophysiological explanations of symptom variability between the gen-
ders. An adequate recognition of MI symptoms, both among patients and health care 
personnel, is necessary to reduce delay in AMI management. When informing the 
public it is important to emphasize that the risk of having an AMI exists for both men 
and women. Furthermore, there is a need to include information that an AMI can pres-
ent in several different ways and that atypical symptoms can occur in both men and 
women.  

Mortality
In Paper II of the total Swedish population aged 35–84 years over a period of 23 years, 
we observed a continuing decrease in CHD mortality among men and women in all 
age groups over the last 2 decades, which is satisfactory. This is in contrast to some 
other countries, where a fl attening in the decrease in CHD mortality has been ob-
served among younger people45-48, 73. Nevertheless, a slower rate of decrease in CHD 
mortality was observed in men aged 35–54 years after 1991. In women aged 35–54 
years, the age-adjusted mortality fl uctuated, largely due to a limited number of events, 
with random variation, but there was no statistically signifi cant change.

An estimation model has been used to estimate the impact of treatment and risk fac-
tors on CHD mortality74-76. Similar to fi ndings from the UK, Ireland, the US, and other 
Western high-income countries, up to two thirds of the decrease in CHD mortality in 
Sweden from 1986 to 2002 can be explained by improved risk factors in the popu-
lation (lower serum cholesterol, lower rates of smoking and lower blood pressure). 
The  decrease in risk factors has resulted in a lower CHD incidence53. Improvement 
in medical interventions, including better treatment of acute myocardial infarction 
and secondary prevention can explain one third of the decrease in CHD mortality42. 
Because many fatalities occur outside hospital77 in people with no known prior dis-
ease, the scope for improvement by improved care in the acute stage of the disease is 
limited. Further primary and secondary prevention of risk factors is essential.

The paradox of the decrease in CHD mortality observed in parallel with the ongoing 
obesity epidemic has been discussed78-79. Although obesity is linked to cardiovascu-
lar risk it seems to be associated with better survival. The paradox could partly be 
explained by a lower amount of risk factors even among the obese population42, 80. 
It has further been suggested that the survival effects of obesity might be postponed 
through a gradual process of cardiac remodeling81 or that obese patients present with 
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CHD at a younger age and receive more effective treatment82. In Sweden, one-third 
of women and half of the men are overweight or obese, with obesity rates increasing 
in the last three decades80, 83, more among men than among women. Regardless, CHD 
mortality rates in Sweden are below those of many other countries84. This increasing 
obesity will probably lead to a raised incidence of diabetes and hypertension, increas-
ing the risk factor burden. However, there may be a recent plateauing in the rates of 
obesity85, and additionally, the incidence of type-2-diabetes mellitus and hyperten-
sion in the population has not appreciably increased86-88. Even so, there is a time lag 
between the incidence of obesity and CHD mortality and development of metabolic 
effects of obesity leading to atherosclerosis. Ultimately, if obesity trends in Sweden 
are not reversed, it appears unlikely that this reassuringly downward trend for CHD 
mortality for all ages in Sweden will continue. Finally, continuing success in the battle 
against CHD is by no means ensured. Fad diets, with low carbohydrate – high fat 
content, have become increasingly popular in Sweden89, and rising cholesterol levels 
after 2007 have recently been reported90. This fi nding warrants continued vigilance 
with respect to CHD mortality trends.

Prognosis
We observed an improved overall survival after acute myocardial infarction over the 
last two decades, nevertheless the worse short-term outcomes in younger but not older 
women hospitalised with AMI persisted. However, if fatal CHD events occurring out-
side hospital were included, women at all ages were protected, with between 10 to 
20% lower mortality than men. Continuing mortality over the fi rst year was not worse 
in women than in men, after adjustment for comorbidities. 

After the landmark study by Vaccarino et al (1999)52, several studies have investigated 
sex differences in mortality in men and women. Gan et al. found that the difference 
in short term survival could be explained by differences in treatment91. In a German 
study examining patients with STEMI women did receive less aggressive treatment92. 
Possible motives for less extensive treatment could be that women tend to have less 
severe coronary artery disease although they have more risk factors than men93. In 
Sweden a delay has been observed for women with chest pain regarding admission 
to coronary care unit (CCU), medical treatment and coronary angiography11. Being 
treated in a CCU is related to increased survival but men have still been shown to have 
a lower case fatality both in CCUs and in  medical wards94. In addition women with 
STEMI have been shown to receive less reperfusion and secondary preventive treat-
ment95. Even so, another study found no sex difference in the intensity of care among 
patients with non-ST-elevation acute coronary syndromes (NSTEMI)96. In contrast 
to the more recent fi ndings by Vaccarino et al.97, where women experienced larger 
improvements in mortality when hospitalised for MI than men, and where the higher 
mortality rates of younger women with MI compared with men, as described in earlier 
years, narrowed considerably, our results differed in that we did not fi nd any great 
change over the 24-year period in any age group. Even so, their comorbidity-adjusted 
female-to-male ratio of hospital mortality in patients <55 years in 2004-2006 was 
1.48, which is similar to our fi gure of 1.44 for 2005-2010. 



31

Some studies have found that the worse prognosis in women, compared to men, in 
the hospitalised population may be due to an increasing probability of surviving to 
reach hospital, and that men overall, actually have a worse prognosis. A large study 
from Scotland was concordant with our results, confi rming a worse short term prog-
nosis for men if all fatal AMI cases were included98. Low SES and deprivation have 
been shown to increase risk for both CHD incidence and out of hospital death in 
men and women99. As more sensitive biochemical markers and new diagnostic criteria 
were introduced smaller and potentially less severe infarctions are now detected58. 
Increased diversity within the AMI diagnosis, as well as new criteria probably also 
have had impact on the total incidence and case fatality. The proportion of STEMI 
has decreased and the NSTEMI proportion has increased. Because STEMI is more 
common among men and younger age groups and is related to early case fatality9, this 
could contribute to explain the higher out-of-hospital mortality in men, with a higher 
proportion of large and potentially immediately fatal events. The incidence of AMI 
has not decreased among women below 65 years, to the same extent as for men100, but 
the potentially increased detection and labelling of coronary events as AMIs could be 
at play here.

The majority of coronary deaths, or nearly four out of fi ve of all deaths, occur outside 
hospital77. We have previously shown that as in-hospital deaths declined faster than 
deaths outside hospital, the relative contribution of out-of-hospital deaths to overall 
case fatality has increased. Accordingly, when analysing case fatality for acute coro-
nary events, in-hospital deaths represent only a minority of all fatalities. Still, because 
in-hospital mortality may be improved by more optimal management, sex differences 
in in-hospital mortality are not unimportant. The continuing poorer survival in young-
er women hospitalised with AMI warrants further investigation.

In Paper IV where we analysed four year prognosis 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. 

Few studies have specifi cally 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)101 investigated all consecutive 
patients younger than 46 years treated for ST-elevation myocardial infarction (STE-
MI) in Sweden, 1995–2006 Long-term annual mortality was around 1% with no dif-
ference between men and women. Our study found that annual mortality rates were 
not very different from those in the RIKS-HIA study. Accordingly, in absolute terms 
and consistent with prior publications from our group53, annual mortality in patients 
with AMI younger than 55 years can now be estimated at about 1%. This is in contrast 
to older patients in Sweden, among whom annual mortality rates are much higher 
(about 6% per year for those aged 65–74 years and more than 12% per year among 
patients aged 75–84 years)53. The current low absolute mortality fi gures are a vast im-
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provement on prior estimates. In a retrospective analysis of 23 published studies from 
the prethrombolytic era, the annual death rate after the fi rst year in patients with a fi rst 
AMI was 5% regardless of age or gender102. In the late 1980s, the annual mortality for 
patients younger than 55 years was about 2%53. 

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. Second, while recognizing the large im-
provement in AMI management, some of the decrease is likely due to changes in 
diagnostic criteria during the study period, as well as diagnosis with more sensitive 
methods58, 103. This may imply that less severe AMI is detected with a better progno-
sis and accordingly improved survival, but with less specifi city, as evidenced by in-
creased comorbidity 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 in-
farctions104-105, and fewer STEMIs9. Factors that affect the risk of developing STEMI 
rather than non-STEMI include smoking9 and cardioprotective medications that lower 
the risk8. Declining smoking rates and more medications used in primary prevention 
could thus have resulted in milder infarctions and better survival. 

Trends in mortality in men and women did not follow the same pattern. There was a 
continuous decrease in the 4-year case fatality among men; however, rates in women 
decreased until the third period, then increased. This may have been due to chance 
because the numbers were limited. However, it could also refl ect differences in di-
agnostics. 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 troponin106, 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 hospitalised in 2002–2006 could be due to the 
capture of other and more complicated types of myocardial damage because an in-
crease in troponin use is also seen in other conditions107.

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 identifi ed 
387,452 individuals in England who were hospitalised with a main diagnosis of AMI 
in 2004–2010 and who survived at least 30 days108. Long-term risk of death of any 
cause among survivors of a fi rst AMI was twice that in the English general popula-
tion 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.108 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. 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. 
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Strengths and limitations
In Paper I, the sample size was limited and the present research question was not in-
cluded in the original study design. Symptoms were identifi ed through routine medi-
cal records, which do not always provide a complete picture of a patient’s symptoms. 
All patients in the INTERGENE study survived their MI and thus there is no informa-
tion on fatal cases, cases that could reasonably have a different symptomology. The 
patient´s history may be infl uenced by the physician′s suspicion of acute coronary 
syndrome. Additionally, patients and health care personnel might not report all symp-
toms since they lack awareness of all symptoms related to AMI. A more standardised 
symptom evaluation combined with raised awareness among both the profession 
and the public could decrease this problem. Patients presenting without chest pain 
might have been misdiagnosed. However, the extraction of information from patients’ 
medical records may better represent how symptoms appear to medical professionals 
and contain information that is basic for decision making in the clinical routine. One 
strength is that we investigated a well-defi ned group of patients with fi rst-time AMI.

In Paper II-IV, we relied on data collected for administrative purposes, with a potential 
risk of misclassifi cation. Recent fi ndings from our group have highlighted the fact that 
nearly four out of fi ve CHD deaths occur out of hospital, and that this proportion is 
even greater among younger people77. Still, autopsy rates for out-of-hospital deaths 
are relatively high, particularly among younger subjects, where at least 80% of fatal 
cases occurring outside hospital are subjected to an autopsy. Misclassifi cation of non-
coronary deaths as CHD deaths is therefore probably relatively minor in the younger 
subset of our population but may obviously be higher among older persons, for whom 
autopsy rates were low. The youngest age group, particularly women, comprises few 
deaths annually, which results in some fl uctuations in the mortality trends that can be 
overstated. However, when these trends were analysed with joinpoint regression, they 
were not signifi cant. Finally, we did not investigate differences in treatment, SES, 
clinical presentation or type of AMI, owing to lack of information in the available 
registers.  

The strengths of Paper II-IV include nationwide coverage with virtually no loss to 
follow-up and the large sample size. We cover all patients in Sweden with a fi rst-time 
major CHD event occurring within the last 24 years, and accordingly refl ects the 
national trends in CHD prognosis and mortality. We also included the out-of-hospital 
fatal cases and analysed possible confounding factors. Both short and long term trends 
were examined. All fatal CHD events and not only fatal AMI was considered for the 
out of hospital cases to represent a more correct estimate of coronary deaths. Limita-
tions are lack of information regarding comorbidities diagnosed in the primary health 
care, no details of clinical characteristics, such as biomarkers, electrocardiographic 
fi ndings or autopsy results, and no uniform criteria for diagnosis over time. Neverthe-
less, validation studies indicate reasonable accuracy109.
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CONCLUSIONS

Chest pain is the overall most common symptom in men and women. Concerning 
the more common symptoms, back pain and nausea were more common in women. 
Atypical symptoms occur in both genders. On average, a greater number of symptoms 
were recorded in women as compared to men. Over the last two decades, CHD mor-
tality has been decreasing by approximately two-thirds in all age groups in Sweden 
and in both men and women. Prior research has shown that this is explained by im-
provements in risk factors in the population, subsequent lower incidence and by better 
medical treatment over a range of modalities. Unlike several other countries, Sweden, 
as yet, has not observed a clear fl attening in these favourable trends. Despite this, it 
is apparent that decreasing trends are not guaranteed and recent reports on increasing 
cholesterol levels from 2008 and onwards are deeply concerning. Continued careful 
monitoring of CHD mortality trends in Sweden is required, including among young 
adults. 

The worse short-term outcomes in younger but not older women hospitalised with 
AMI persisted, but when CHD deaths outside hospital were included women had con-
sistently better short-term prognosis than men. Adjusted 1-year survival did not differ 
between men and women <65 years. In patients younger than 55 years with AMI, 
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, however, at a much 
higher risk of death. Accordingly, while mortality is low in absolute terms, younger 
women with AMI lose the survival advantage women normally have over men. Ad-
ditional 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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POPULÄRVETENSKAPLIG SAMMANFATTNING PÅ SVENSKA

Hjärt- och kärlsjukdomar är den ledande dödsorsaken för världens kvinnor. Det främ-
sta syftet med det här projektet var att studera aktuella data om könsspecifi ka skill-
nader i symptom, dödlighet och prognos efter kranskärlssjukdom. Det övergripande 
syftet är att öka kunskapen om kvinnor och hjärtkärlsjukdom, något som har betydelse 
för att planera sjukvård och förebyggande åtgärder. Data har hämtats från de svenska 
rikstäckande och personnummerbaserade Dödsorsaksregistret och Patientregistret. 
Patientjournaler har använts för att studera symptom hos patienter i den populations-
baserade INTERGENE-studien. 

Bland 225 patienter som insjuknat med förstagångshjärtinfarkt var bröstsmärta det 
vanligaste symptomet både hos män och kvinnor. Kvinnor hade oftare illamående, 
ryggsmärta, yrsel och hjärtklappning och ett högre antal symptom än män. Mel-
lan 1987-2009 har dödligheten i kranskärlssjukdom i Sverige minskat med ca två 
tredjedelar både hos män och kvinnor och i alla åldrar mellan 35 och 84 år. Bland 
patienter med en första hjärtinfarkt som ankom till sjukhus samt bland dem som 
avled av kranskärlssjukdom utanför sjukhus mellan 1987 och 2011 var kvinnorna 
i genomsnitt fyra år äldre än männen och hade fl er samtidiga andra sjukdomar. 28-                                                                                                                           
dagars- och 1-årsöverlevnaden efter sjukhusvård för hjärtinfarkt har ökat de senaste 
två decennierna men prognosen för kvinnor har inte förbättrats lika mycket som för 
män. Kvinnor under 55 år som inkommer till sjukhus har fortfarande högre 28-dagars 
och 1-årsdödlighet än män. Fler män dör dock utanför sjukhus än bland de sjukhusin-
lagda så när de som dog utanför sjukhus inkluderades i analysen så hade männen 
sämre korttidsprognos. 

Bland 7229 yngre kvinnor och 30047 män 25-55 år som överlevt en första hjärtin-
farkt mellan 1987-2006 förbättrades 4-årsöverlevnaden påtagligt under perioden men 
mindre för kvinnor än för män. Den årliga mortaliteten kan numera skattas till ca 1% 
i denna grupp. Trots att detta är en låg siffra i absoluta tal är det betydligt mer än för 
populationen i samma åldrar i övrigt, särskilt för kvinnor som normalt har en mycket 
låg dödlighet i dessa åldrar.
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