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Abstract

Background Despite improvements in the treatment and prevention of cardiovascular disease since the 1960s, the
incidence of cardiovascular diseases among young people has remained the same for many years. This study aimed
to compare the clinical and psychosocial attributes of young persons affected by myocardial infarction under the age
of 50 years compared to middle-aged myocardial infarction patients 51-65 years old.

Methods Data from patients with a documented STEMI or NSTEMI elevated acute myocardial infarction in the age
groups up to 65 years, were collected from cardiology clinics at three hospitals in southeast Sweden. The Stressheart
study comprised a total of 213 acute myocardial infarction patients, of which n=33 (15.5%) were under 50 years

of age and n=180 (84.5%) were middle-aged, (51-65 years). These acute myocardial infarction patients filled in a
questionnaire at discharge from the hospital and further information through documentation of data in their medical
records.

Results Blood pressure was significantly higher in young compared to middle-aged patients. For diastolic blood
pressure (p=0.003), systolic blood pressure (p=0.028), and mean arterial pressure (p=0.005). Young AMI patients
had a higher (p =0.030) body mass index (BMI) than the middle-aged. Young AMI patients were reported to be more
stressed (p =0.042), had more frequently experienced a serious life event the previous year (p =0.029), and felt less
energetic (p =0.044) than middle-aged AMI patients.

Conclusions This study revealed that persons under the age of 50 affected by acute myocardial infarction exhibit
traditional cardiovascular risk factors like high blood pressure, and higher BMI, and were more exposed to some
psychosocial risk factors. The risk profile of young persons under age 50 affected by AMI was in these respects more
exaugurated than for middle-aged persons with AMI. This study underlines the importance of the early discovery of
those at increased risk and encourages preventative actions to focus on both clinical and psychosocial risk factors.
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Introduction
Cardiovascular disease (CVD) has long been a steadily
growing public health problem globally, with heart
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age decreased by 28.7%. Globally this indicates that the
preventive work against CVD has been quite successful
[2]. Although this has mainly been directed to the older
population, there is still a lack of preventive measures for
young myocardial infarction patients under the age of 55
[3].

The decline in mortality from CVD has largely been
accomplished by a better understanding of the disease
and its risk factors, and the development of more effective
treatment and preventative actions. The approximately
47% decrease in mortality in the US between 1980 and
2000, was due to improved treatment and around 44%
due to changes in risk factors [4]. In recent decades there
has been an increased incidence of obesity and diabetes
mellitus type 2 [4]. Recent research revealed that long-
term stress with elevated cortisol concentrations before
the onset of acute myocardial infarction (AMI) could be
of importance, and the AMI could not fully be explained
by only classical risk factors [5, 6].

Psychosocial and socioeconomic factors like
socioeconomic status, occupation, education, and social
support have not by themselves been shown to have a
direct impact on mortality, but rather play a part in the
context of developing depression and other risk factors.
However, the feeling of low control has also by itself been
associated with CVD [7-9].

Myocardial infarction before 46 years of age is quite
rare and accounts for only approximately 10% of all male
AMI cases, [10]. It is nonetheless a public health problem
and because of the long remaining life expectancy
of these patients, it should not be disregarded by
preventative strategies. Despite this, a lack of awareness
and a poorer understanding of risk factors has been
suggested to be the reason for the standstill in incidence
rates among young myocardial infarction (MI) patients
[3]. The risk profile is yet to be fully understood, but
according to previous studies, it mirrors that of middle-
aged and older MI patients, with some exceptions.
Classical risk factors seem to have an even greater impact
on the risk of CVD for younger AMI patients [11]. This
yields especially smoking, abnormal lipids, hypertension,
and diabetes which have been shown to occur more
frequently in young MI patients. Also they tend to be
more exposed to some adverse psychosocial factors
such as stress [12—16]. For younger persons in working
life, anxiety disorders with symptoms like chest pain and
breathlessness that resembles acute coronary syndrome
could emerge [17]. Panic disorder has been suggested as a
risk factor for cardiovascular disease and even as a trigger
for acute coronary syndrome [18]. Myocardial infarction
with non-obstructive coronary arteries (MINOCA)
has been shown to occur more frequently in young MI
patients as compared to older, with coronary spasm,
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structural dysfunction, and thrombotic disorders being
some of the potential causes for MINOCA [19, 20].

Plaque rupture is the most common cause of MI in all
ages [21]. An atherosclerotic plaque develops from a fatty
streak, containing a deposition of low-dense lipoproteins
(LDL)-particles and inflammatory cells, into an unstable
plaque with an expanding necrotic core. When the
plaque eventually ruptures it exposes the blood to the
pro-coagulatory matrix, which causes the formation of
a thrombus and might occlude the vessel [22]. However,
the pathophysiological differences between younger and
older MI patients are still largely unexplored.

The overall aim of this study was to explore the
potential differences in cardiovascular risk profiles and
psychosocial factors between younger and middle-aged
patients affected by an acute myocardial infarction.

Methodology

Subjects

The study population was collected from three hospitals
in southeast Sweden, one university hospital and
two regional hospitals (but all three integrated into
the university organization). Inclusion criteria were
ST-segment elevation acute myocardial infarction
(STEMI) or non-ST segment elevation acute myocardial
infarction (NSTEMI), and an age of 65 years or younger.
Exclusion criteria were not long enough hair (<1 cm)
on the vertex area, not speaking Swedish, or diagnosis
of Addison’s disease or Cushing’s syndrome. The
participants in the study were included when discharged
from the hospital, in general, 2—3 days after the AMI. The
participants were then asked to fill in a questionnaire and
cut a piece of hair for cortisol measurement. After the
patient’s written consent, some data from the medical
records were also collected.

Data collection

The questionnaire used was that of the STRESSHEART
study which was composed of validated questions from
the SCAPIS study [5, 23]. The participants answered
questions about previous diseases and medication, as
well as the heredity of MI and stroke. Perceived stress was
measured on a Likert scale from 1 to 10, and participants
got to answer questions about whether they had
experienced a serious life event such as divorce, disease,
or death in the family in the last year. There were also
general questions about the patient’s psychosocial health,
such as how they perceived their general health, and how
often they felt calm, energetic, or sad. Some demographic
and lifestyle factors were also collected, including
smoking history, alcohol consumption, sleep habits, and
physical exercise. Questions about socioeconomic like
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education, occupation, civil status, and ethnicity were
also included.

From the medical records data was collected about
the patient’s systolic and diastolic blood pressure, heart
rate, weight, length, body mass index (BMI), and hip and
waist circumference. The measurements SBP/DBP/ and
heart rate were measured for all the AMI cases when
discharged from the hospital clinic. A calculation of the
mean arterial pressure (MAP) and the waist-hip ratio
was also done. Hypertension was defined as previously
diagnosed hypertension by a physician. Obesity was
defined as a BMI>30 (kg/m?). The total number of
classical risk factors was calculated for each patient; the
risk factors were hypertension, obesity, hyperlipidemia,
diabetes mellitus, current smoking, and heredity for MI
or stroke. Heredity was defined as the incidence of AMI
or stroke in first-degree relatives at any age. The inclusion
day was used for the analysis of the seasonal onset of
AMI. The cortisol concentration in hair was analyzed
with an in-house radioimmune assay [24].

Statistical analysis

All analyses were performed using SPSS version 28.
Descriptive statistics were presented using frequencies
and proportions for categorical variables and means or
medians for continuous variables. To compare frequen-
cies for categorical variables chi-squared or Fisher’s
exact test was used. To calculate the risk ratio, OR and
95% CI were applied. Cortisol concentration medians
and IQR were compared using ANOVA. For some vari-
ables in Tables 2—4, there were some internal dropouts,
but the calculation of the percentage was based on the
actual number that answered the specific question. The
population was analyzed based on their age at the onset
of AMI. Young MI cases were defined as <50 years and
middle age was defined as 51-65 years. Figure 1 was
drafted using Excel. The significance level was set by a
p-value<0.05.

The study was approved by the Ethical Review Board at
Link6ping University (Dnr 2016-79-31, Dnr 2016-453-32,
Dnr 2017-106-32). All participants in the study gave their
written consent for participation.

Results

A total of N=213 AMI patients up to the age of 65, were
enrolled in the study. Of these n=33 was defined as
younger (under the age of 50) and n=180 as middle-aged
(between 51 and 65 years) with a median age of 47 for
the young group and 61 years for the middle-aged group.
Females constitute 27.2% of the total AMI cases. Among
the young AMI group, 30.3% were women, and 26.6%
were females in the middle-aged group, see Table 1.
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Fig. 1 Comparisons of the onset in different seasons of myocardial
infarction among AMI patients below age 50 (n=33) and
middle-aged (51-65 years) AMI patients (n = 180)

Higher mean blood pressure could be seen in the young
MI group when compared to the middle-aged, with
systolic blood pressure 131 mmHg versus 124 mmHg;
(p=0.028), diastolic blood pressure 84 mmHg versus
78 mmHg; (p=0.003) and mean arterial blood pressure
100 mmHg versus 93 mmHg; (p=0.005). There was
only a small difference seen in waist circumference and
the waist-hip ratio between younger and older female
MI cases, as shown in Table 1. Younger patients had
a higher median BMI when compared to the middle-
aged 29 versus 27; (p=0.031). Obesity tends to be more
common among the younger MI cases compared with
older MI cases 39.4% versus 21.9%; (p=0.055). The
median cortisol concentration tends to be higher among
the young AMI cases compared to older MI, however not
significant (75.7 pg/mg vs. 70.2 pg/mg), see Table 2.

There were not any significant differences in the
patient’s medical history. However, heart failure,
atrial fibrillation, and diabetes type 1 tended to be
more common in the middle-aged group compared
to the younger as well as tendencies of increased risk
among the middle-aged cases concerning previous
angina pectoris, stroke, and percutaneous coronary
intervention, see Table 2. Cardiovascular medication in
general like anticoagulants, anti-hypertensive, and anti-
hyperlipidemia were more frequently reported among
middle-aged MI patients, see Table 4.
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Table 1 The characteristics of the study population of younger AMI patients (below 50 years) and middle-aged AMI patients (51—

65 years)

Variables AMI patients below age 50 Middle-aged AMI patients 51-65 years
Female (n=10) Male (n=23) Female (n=48) Male (n=132)

Age (median) 455 47 61 61

Waist circumference median (IQR) 96 (24) 101 (16) 93 (24) 102 (14)

Waist-hip ratio median (IQR) 0.89 (0.07) 1.01 (0.06) 0.91 (0.08) 1.01 (0.06)

Table 2 Clinical measurements, and medical history for younger AMI patients below age 50 (n=33) and middle-aged (51-65 years)

AMI cases (n=180)

Variables AMI patients below age 50 Middle-aged AMI patients (51- p-value
65 years)
Clinical values
Systolic blood pressure, mean (SD) 131 (19) 124 (17) 0.03
Diastolic blood pressure, mean (SD) 84 (12) 78 (11) 0.003
Mean arterial pressure, mean (SD) 100 (14) 93(12) 0.005
Resting heart rate, mean (SD) 74(12) 72 (12) 0.20
Length, mean (SD) 176 (10) 1759 0.66
BMI, median (IQR) 29 (6) 27 (5) 0.03
Obesity, % (n) 394 (13) 21.9(39) 0.05
Cortisol level, median (IQR) 75.7 (202.1) 702 (151.6) 0.7
Variables AMI patients below age 50 Middle-aged AMI patients (51- p-value
65 years)
Medical cardiovascular History % (n) % (n)
Earlier Ml 18.8 (6) 27.5(39) 0.27
Angina pectoris 63(2) 11.9(17) 036
Atrial fibrillation 0(0) 2.1(3) 0.40
Heart failure 0(0) 35(5 0.27
Stroke 30(1) 6.3(9) 0.46
Hypertension 27.3(9) 37.3(53) 0.28
Hyperlipidemia 18.8 (6) 234 (34) 047
Percutaneous coronary intervention 94 (3) 189 (27) 0.17
Known hereditary Ml 424 (14) 41.7 (75) 035
Known hereditary Stroke 242 (8) 35.1(47) 0.24
Diabetes type 1 0(0) 2.8(4) 033
Diabetes type 2 152 (5) 120(17) 0.62

For risk factors like smoking, no differences were seen,
however, alcohol consumption was more frequent among
the younger MI cases (35.3% vs. 20.9%). Physical activity
was equal frequent between the two groups. Fewer sleep
hours during the night as well as poor sleep quality were
more common among the younger MI cases. A high level
of perceived stress was also more pronounced among the
younger MI group, see Table 3. Young patients were more
likely to have experienced a serious life event in the last
year (61.8% vs. 45.5%; p=0.03). The young patients were
also more prone to answer never or seldom when asked

how often they felt energetic compared to the older MI
cases (48.5% vs. 26.8%; p=0.03). Low level of education
was to some extent higher among the older as well as the
number born outside Sweden. The estimated economic
situation and occupation were quite equally distributed,
except for the higher frequency of academics and chief
positions among the middle-aged group, see Table 4.
Some slight differences in the seasonal distribution on
the onset of AMI could also be seen, both groups had a
downward slope during the summertime. The younger
had two peaks, one during spring and the second in
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Table 3 Comparisons of lifestyle risk factors between AMI
patients below age 50 (n=33) and middle-aged (51-65 years)
AMI patients (n=180)

Variables AMI Middle- p-value
patientsbelow aged AMI
age 50 patients
(51-
65 years)
% n % n
Smoker yes 242 8 283 51 067
Drink alcohol 0.14
Rarely 394 13 424 75
Sometimes 24.2 8 36.7 65
Quite often 364 12 209 37
Physical activity 0.96
Non/sporadic 57.6 19 60.8 107
Regular 303 10 290 51
Intensive regular 12.1 4 102 18
Sleep habits 036
Poor/very poor 333 1 234 33
Quite good 455 15 589 83
Very good 212 7 17.7 25
Sleep less than 7 h.night ~ 54.5 18 383 54 008
Sleep more than 7 h. night  45.5 15 61.7 87
Perceived everyday stress 0.22
Never 0.0 0 45 8
Sometimes 60.6 20 685 122
Always 394 13 270 48
Perceived stress (median, IQR) 7 (3) 6 (5) 0.03

rating (1-10) on a VAS scale

autumn, and the middle-aged had their peak during the
winter months, see Fig. 1.

Discussion

The main findings

The risks for cardiovascular disorders are generally
increased with age. If younger people suffer a serious
cardiac event there must likely be some explanations
for their cardiac risk profiles. In this study, we found
that younger person who suffers an acute myocardial
infarction are more likely to have higher blood pressure,
both systolic and diastolic, and they are also more likely
to be obese than middle-aged MI patients. On the
other hand, middle-aged were more likely to have heart
failure and to use anticoagulants and cardiovascular
medications. There were also some differences in
psychosocial health, where the younger MI persons
reported higher levels of stress, had more often
experienced a serious life event last year, and reported
themselves to be less energetic.
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Table 4 Medications and psychosocial factors among AMI
patients below age 50 (n=33) and middle-aged (51-65 years)
AMI patients (n = 180)

Variables AMI Middle-  p-value
patients aged AMI
below patients
age 50 (51-

65 years)
% n % n
Medications
Antihypertensive 212 7 327 59 007
Anti-hyperlipidemia 91 3 183 33 013
Anticoagulants 00 O 111 20 003
Cardiovascular medications 30 1 183 33 002
Diabetes medications 121 4 117 21 070
Steroid based medications 152 5 156 28 079
Psychosocial factors
Education 0.19
Low 121 4 257 46
Medium 66.7 22 536 96
High 212 7 207 37
Occupations 0.88
Workers 545 18 535 92
Civil servants 303 10 273 47
Academic /boss 152 5 180 31
Retired 00 O 1.2 2
Ethnicity 0.05
Swedish 970 32 844 151
Not Swedish 30 1 156 28
Economy 0.90
Bad 182 6 185 33
Good 818 27 815 145
Civil status 0.50
Single 182 6 229 41
Married/cohabited 812 27 771 138
Encountered serious life events last 0.03
year
Yes 606 20 415 73
No 394 13 585 103
How often have you felt calm? 0.78
Never/seldom 303 10 302 54
Sometimes 364 12 296 53
Most of the time 333 11 402 72
How often have you felt energetic? 0.03
Never 485 16 268 38
Sometimes 152 5 317 45
Most of the time 364 12 415 59
How often have you felt sad? 0.89
Never 66.7 22 655 93
Sometimes 242 8 225 32
Most of the time 91 3 120 17
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Younger MI persons having higher diastolic blood pres-
sure are in accordance with previous findings in some
other studies [13, 14]. According to a sub-study within
the Framingham heart study, isolated diastolic hyperten-
sion is a better model for understanding cardiovascular
risk than isolated systolic hypertension for young peo-
ple under 50 years of age [13]. The present study found
higher systolic hypertension, diastolic hypertension, and
mean arterial pressure, for young MI patients. The higher
mean hypertension and systolic hypertension in young
patients might indicate that young MI patients are gener-
ally more burdened by high blood pressure than older MI
patients, which may be because they are less medicated
for hypertension [25].

The importance of obesity as a risk factor for
cardiovascular diseases in a young population and how it
differs from the general MI patient have been described
earlier. Obesity has been shown to increase the risk of
CVD in young populations [15]. In this study, BMI was
higher in young MI patients compared to middle-aged
MI patients, but no difference was evident in waist
circumference or waist-hip ratio. This could indicate that
BMI might be a better measurement for determining
the cardiovascular risks in young people compared to
middle-aged.

The risk of having previous cardiovascular diagnoses
like angina pectoris, heart failure, percutan coronary
intervention as well as a stroke, was two times higher
among older MI patients as expected. No difference in the
prevalence of diagnosed hypertension, hyperlipidemia, or
diabetes mellitus was seen, but a slightly increased risk
among the older group appeared. Most other studies
defined heredity as the incidence of MI in a family
member at an early age, below 55 years for male first-
degree relatives or below 65 years for females [16, 25].

The classic type A behavior with high demands on
themselves, impatient, and generally hostile and very
competitive, tend to have a higher risk of coronary heart
disease, which could not be explained by individual
factors such as hypertension, diabetes, serum levels of
cholesterol, or smoking [26, 27]. An increased cortisol
concentration one month before MI, a measure of
long-term stress, was seen among the younger study
population, however not significant. The recovery
prognosis after an acute myocardial infarction among
younger patients has been shown to be related to
financial barriers to health care [28]. Socioeconomic
factors might play a role in functional recovery after
myocardial infarction [29]). Chronic stress related to
either job or marital strain was found to be associated
with long-term adverse outcomes after acute myocardial
infarction [30]. The presence of diabetes mellitus could
increase the general risk of mortality after myocardial
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infarction, but young adults with diabetes mellitus
experienced significant improvements [31].

Our findings also reveal that young MI patients are
more likely to have experienced serious life events
the year before the infarction and feel less energetic
compared to middle-aged MI patients. There was no
difference between age groups regarding experienced
life events in previous years, indicating that a temporal
aspect might be of importance. Since atherosclerotic
lesions take many years to develop the idea that young MI
patients have less coronary stenosis is not so farfetched,
which has also been shown in previous studies [17, 18]. It
can therefore be assumed that coronary occlusion is not
the only cause of MI in these patients. This could indicate
myocardial infarction with non-obstructive coronary
arteries that there might be alternative causes for MI
in young patients related to such as coronary spasms,
structural dysfunction, and thrombotic disorders, but
further studies are needed to understand the linkage to
age [17, 18].

A seasonal difference in the onset of MI could also be
seen in this study, where both groups had a decrease in
the summer, while the older group had their peak during
winter and the younger during autumn and even a small
peak appeared during spring in this group. An earlier
study of MI cases found a similar seasonal pattern,
decreased occurrence from winter to autumn and
from spring to summer. This was seen in both men and
women, in different age groups, and in most geographic
areas. In-hospital case fatality rates for AMI also followed
a seasonal pattern, with a peak of 9% in winter [32]. This
recent study almost followed the same pattern, but the
younger ones had a more distinct peak in the autumn.
Another recent study observed seasonal variation of
incidence and in-hospital mortality and sex-specific
differences regarding the seasonal variation of in-hospital
mortality [33]. Seasonal variation in the onset of AMI
could be affected by independent environmental and
biological variables.

Strengths and limitations

A major strength of this study is the number of variables
included, which provides quite an extensive description
of both the clinical and the psychosocial profile. The
number of included AMI cases is however a limitation.
The cross-sectional design of the study also limits the
potential for truly understanding the association between
cardiovascular risk factors and how these affect the risk
for AMI in the younger. Many of the analyzed variables
are based on self-estimations made by the participants,
such as perceived stress, alcohol consumption, smoking
habits, sleep, and exercise habits. All these retrospective
questions based on individual perceptions could lead
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to some risks for recall bias. Especially questions about
stress and self-estimated well-being can also have been
affected by the myocardial infarction closely before their
participation, mainly by making them remember the past
as worse than it was, but this recall bias was minimized,
since all participants filled in the questionnaire directly
when they were discharged from the hospital, in general,
only 2-3 days after the cardiac event.

Conclusions

This study highlights the cardiovascular and psychosocial
risk factors for young persons affected by myocardial
infarction. Young MI patients are a group where little
has improved over the years. The young patients
protruded regarding higher blood pressure, higher BMI,
increased self-reported stress, and even higher cortisol
concentrations, they had more often experienced a
serious life event and felt less energetic the year before
the MI. These younger persons thereby follow a pattern
where the traditional cardiovascular risk factors are
evident before serious cardiac events. All these factors
are preventable. This study underlines the importance
of the early discovery of those at increased risk and
encourages preventative actions to focus on both clinical
and psychosocial risk factors.
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