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ABSTRACT

Objective Mortality caused by coronary artery disease
has markedly decreased in recent years. However, a
substantial proportion of patients suffering a coronary
event (CE) die within the first day, most of them out

of hospital. We aimed to investigate how established
cardiovascular (CV) risk factors and CV autonomic indices
associate with fatal versus non-fatal CEs in the population.
Methods 33057 individuals (mean age; 45.6 years;
10773 women) free of coronary artery disease at
baseline were included. Baseline examination, including
assessment of traditional CV risk factors and autonomic
indices such as heart rate and orthostatic reaction, was
performed during 1974—1992, after which the subjects
were monitored for incident CV disease. The Lunn-
McNeil competing risks approach with a prespecified
multivariable model was used to assess differences in
risks for fatal and non-fatal CEs in relation to baseline CV
risk factors.

Results During follow-up period of 29.7 years, 5494
subjects (6.10/1000 person-years) had first CE; 1554 of
these were fatal. Age, male gender, smoking, body mass
index (BMI), blood pressure, pulse pressure and resting
heart rate had stronger relationships with fatal CE than
with non-fatal events. The effects of diabetes, serum
cholesterol, antihypertensive treatment and orthostatic
blood pressure responses were similar for fatal and non-
fatal CE.

Conclusions Several cardiovascular risk factors, such as
smoking, high BMI, blood pressure and high resting heart
rate, were preferentially associated with fatal compared
with non-fatal CEs. These observations may require
special attention in the overall efforts to further reduce
coronary artery disease mortality.

INTRODUCTION

In recent decades, better control of cardio-
vascular risk factors and improved acute treat-
ments have markedly improved the prognosis
for patients with acute coronary events (CEs),
including myocardial infarction." However,
coronary artery disease still remains the major
cause of mortality globally.” It is well known
that a substantial proportion of subjects who
suffer an acute CE die outside the hospital
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Key questions

What is already known about this subject?

» In recent decades, intensive research has led to the
identification of several well-established risk factors
for coronary artery disease, including acute coro-
nary events (CEs) such as myocardial infection. It is
well known that a substantial proportion of subjects
who suffer an acute CE die outside the hospital and
that sudden cardiac death can be the first sign of
coronary artery disease. Identification of subjects at
risk of a fatal first-time CE remains a major chal-
lenge in cardiovascular prevention.

What does this study add?

» We have linked risk factor data from a public health
initiative conducted in 1974-1992 with incident fa-
tal and non-fatal CEs, retrieved from several regis-
ters, during follow-up until the 31 December 2013.
We report that certain established cardiovascular
risk factors as well as increased resting heart rate,
as indices of cardiovascular autonomic dysfunction,
are preferentially associated with higher risk of fatal
outcome in a first-time CE.

How might this impact on clinical practice?

» These risk factors, including indices of cardiovas-
cular autonomic dysfunction, may require special
attention in cardiovascular prevention programmes
and in the overall efforts to further reduce coronary
artery disease mortality.

and that sudden cardiac death can be the first
sign of coronary atherosclerosis.” Identifica-
tion of subjects at risk of a fatal first-time CE
remains a major challenge in cardiovascular
prevention. :

Blood pressure, smoking, diabetes, blood
lipids and obesity are all well-established risk
factors for acute CEs.”® Only few studies,
however, have explored whether these risk
factors are related to the fatality of first-
time CE.'?'" Male gender, age, hyperten-
sion, diabetes and inflammation have been
reported to be more strongly associated
with fatal CE, as compared with non-fatal
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events.” In contrast, hyperlipidaemia has been reported
to be similarly associated with fatal and non-fatal CE,” '
whereas data for smoking in relation to fatal CE has been
inconsistent.” '’

Beside established cardiovascular disease (CVD) risk
factors, increasing evidence suggests that cardiovascular
autonomic dysfunction, manifested for example by
increased resting heart rate, reduced heart rate variability
or orthostatic hypotension, is a risk factor for CEs.'*"°
Previous studies have reported relationships between
orthostatic hypotension and several adverse cardiovas-
cular outcomes,14 % but it is not known whether CV auto-
nomic indices and orthostatic hypertension in particular
are related to CE fatality.

The purpose of the present study was to determine
which established cardiovascular risk factors are prefer-
entially associated with fatal as compared with non-fatal
first-time CE in the population. In addition, we tested
if factors related to autonomic function, including
increased resting heart rate and an impaired orthostatic
blood pressure response, were more strongly associated
with fatal first time CE.

METHODS

Study population

A voluntary screening programme with the aim to detect
individuals at high risk for CVD, the Malmé Preventive
Project, was conducted in Malmd, Sweden, between 1974
and 1992. The screening programme has previously been
described in detail.'” In summary, complete births cohorts,
born between 1921 and 1949, were invited to a health
examination, including physical examination, a panel of
laboratory blood tests and a self-administered question-
naire. A total of 22444 men and 10902 women attended
and were examined from 1974 to 1992, yielding an overall
participation rate of 71%. Men were mostly screened in
the first half of the period (1974-82), and women in the
latter half (1981-1992), explaining the different numbers
and the different length of follow-up time. Subjects with
unfavourable risk factors at baseline were offered inter-
ventions, as has been previously described.'” The study
complied with the Declaration of Helsinki. Informed
consent was obtained from all subjects.

For the current study, we excluded subjects with a
history of a CE (n=122) and those with missing infor-
mation about systolic blood pressure (n=45), body mass
index (BMI) (n=14), cholesterol (n=80), antihyperten-
sive treatment (n=51) and smoking habits (n=53). The
final cohort thus consisted of 33057 individuals (22284
men and 10773 women). There was some additional
random missing data for orthostatic blood pressure tests
(n=481) and resting heart rate measurements (n=133),
and the separate analyses of these variables are therefore
based on slightly smaller samples.

Baseline examinations
Blood pressure (mm Hg) was measured in the right
arm using a sphygmomanometer and a rubber cuff of

appropriate size placed at the heart level after 10min of
supine rest, and the average of two measurements was
recorded. Height (cm) and weight (kg) were measured
under standardised conditions in light indoor clothing.
BMI was calculated as weight/height® (kg/m?). The
subjects were categorised as smokers or non-smokers
based on self-reported current smoking. Blood samples
were drawn after overnight fast. Serum cholesterol and
fasting blood glucose were analysed using standard
methods at the hospital laboratory.

Diabetes was defined as either fasting whole blood
glucose =26.1 mmol/L (corresponding to plasma glucose
>7.0mmol/L), self-reported diabetes or a prevalent
diagnosis of diabetes in the Swedish hospital discharge
register.

Orthostatic blood pressure reactions were measured
as follows: the first blood pressure denotes an average of
two measurements after 10 min supine rest. The second
blood pressure denotes an average of two measurements
after 1 min of standing. All measurements were rounded
to nearest 5mm Hg. Orthostatic blood pressure decrease
was defined as the average standing blood pressure
minus the average values in the supine position (ie, a
positive value corresponds to a blood pressure decrease
on standing). Resting heart rate was measured twice by
palpation of the radial artery over 1 min in the supine
position. The mean of two measurements were recorded
as beats per minute (bpm).

Orthostatic hypotension was defined according to the
international consensus as a decrease in systolic blood
pressure of 20mm Hg or more or a decrease in diastolic
blood pressure of 10mm Hg or more.'® Antihypertensive
treatment was defined as a positive answer to the question
‘Do you take medication for high blood pressure?’.

Patient and public involvement

The included subjects for the current study were all part
of the Malmo Preventive Project, which was a population
screening programme in Malmo, Sweden, with the aim
to detect individuals at high risk for CVD. The subjects
were included between 1974 and 1992. At the time, the
subjects went through a health examination, including
physical examination, a panel of laboratory blood tests
and a self-administered questionnaire. Subjects with
unfavourable risk factors detected during the screening
programme were offered preventive interventions as has
been previously described.”

Endpoint retrieval

Follow-up was from baseline until a first incident CE,
or censoring due to death, emigration or 31 December
2013. Besides emigration (1.9 %), there was no loss to
follow-up. The endpoint was defined as a CE (Interna-
tional Classifications of Diseases (ICD) codes 410-414 in
ICD-9 and codes 120-125 in ICD-10) retrieved from the
Swedish National Hospital Discharge Register (current
Swedish Patient Register) or the Cause of Death Register.
A fatal CE was defined as death on the same day as the
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Table 1 Baseline characteristics

Baseline characteristics of the study population All Female Male
Number of subjects 33057 10773 22 284

Age, years 45.6 (7.4) 49.6 (7.4) 43.7 (6.6)
Gender, % male 67.3 0 100

BMI, kg/m? 24.6 (3.6) 24.4 (4.2 24.7 (3.3)
Current smoker, % 44.7 353 50.8
Supine SBP, mm Hg 126.3 (15.5) 124.7 (16.7) 127 (14.9)
Supine DBP, mm Hg 84.2 (9.6) 81.6 (9.1) 85.5 (9.6)
Pulse pressure, mm Hg 42 (10.9) 43 (11.6) 41.6 (10.5)
Postural SBP response, mm Hg -1.2(8.7) -2.6 (9) -0.5(8.9)
Postural DBP response, mm Hg 2.2(5.3) 1.6 (5.2) 2.5(5.4)
Orthostatic hypotension, % 6.1 7.9 52
Resting heart rate, bpm 67.5(9.7) 68 (9) 67 (10)
Diabetes, % 85 3.8 38
Cholesterol, mmol/L 57(1.1) 5.8 (1.1) 5.6 (1.19
Antihypertensive treatment, % 54 8.4 3.9
Incidence of non-fatal coronary events, per 1000 person years 44 2.76 5.11
Incidence of fatal coronary events, per 1000 person years 1.7 0.86 212

Values displayed as mean (SD) if not otherwise indicated.

BMI, body mass index; bpm, beats per minute; DBP, diastolic blood pressure; SBP, systolic blood pressure.

first diagnosis of CE, inside or outside of a hospital. 1219 of
the 1554 fatal CEs, cause of death was based on autopsy in
1015 (65.3%) cases. The findings from the current study
were based on data linked after the study outcomes.

Statistical analysis
In order to examine the preferential association between
different risk factors at baseline and fatal first time CE,
we used the Lunn-McNeil adaptation of Cox propor-
tional hazards regression. This method has been used
for similar purposes elsewhere.”” *' Briefly, the method
consists of duplicating the dataset so that each individual
occurs in two strata. The separate endpoints, fatal and
non-fatal CE, are separated into these strata. All covari-
ates are also duplicated but set to the value 0 in one of
the strata according to the endpoint. This allows for the
modelling of the separate failure-specific effect of each
variable in a stratified Cox regression, with stratification
on failure strata. The effect measures derived from these
stratified Cox regressions are identical to what would
have been obtained in a standard Cox regression for each
failure. The p value for equal effects across failure types is
then derived using the likelihood ratio test, after running
amodel where only one variable is unduplicated and thus
forced to have the same effect measure for both failure
types. The proportional hazards assumption was tested
visually by plotting the CE-free survival over time in the
unduplicated dataset for each failure type.

We used two prespecified models. Model 1 adjusted for
age and gender. Model 2 included seven additional estab-
lished cardiovascular risk factors: age, gender, diabetes,

current smoking, cholesterol levels, BMI, antihyperten-
sive treatment and systolic or diastolic blood pressure per
10mm Hg.

We tested for interactions between gender and other
risk factors by adding interaction terms to the Cox regres-
sion analyses, with adjustments in model 2. The inter-
action term was statistically significant for gender and
smoking for non-fatal events, indicating a stronger associ-
ation between smoking and non-fatal CEs in women than
in men. However, the effect of this interaction on the
effect measures for the other risk factors was small, and
the interaction parameter was left out of the final model.
A p value less than 0.05 was considered significant. Anal-
yses were performed using IBM SPSS V.25 64-bit edition
(IBM) and STATA V.12.0 SE (StataCorp).

RESULTS

Baseline characteristics

About two-thirds of the study cohort were men and 44.7%
were smokers. Women were more often treated with anti-
hypertensive drugs, had a slightly higher prevalence of
diabetes at baseline and were less often current smokers
(35% compared with 51% in men). The prevalence of
orthostatic hypotension at baseline was 7.9% in women
and 5.2% in men (table 1).

Incidence of fatal and non-fatal CEs

The median follow-up time from baseline to a first CE,
death, emigration or last follow-up date was 29.7 years
(IQR 10.9). During the follow-up period, there were
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Table 2 Relationships between cardiovascular risk factors and incidence of non-fatal and fatal first-time coronary events and

the significance of difference between the two outcomes

Non-fatal coronary event

Fatal coronary event Heterogeneity

HR 95%ClI P value HR 95%ClI P value P value
Model 1
Age, year 1.07 1.07 10 1.08 <0.000 112 111t01.13 <0.001  <0.0001
Male gender 2.54 2.33t02.76 <0.001 4.06 3.51t04.69 <0.001  <0.0001
Diabetes 2.35 2.15t02.57 <0.001 252 220t02.89 <0.001 0.57
Current smoking 1.88 1.77 t0 2.01 <0.001 248 224102.76 <0.001  <0.0001
Cholesterol, per mmol/L 1.32 1.29101.36 <0.001 1.33 1.271t01.39 <0.001 0.86
Body mass index, per kg/m? 1.25 1.19101.31 <0.001 143 1.32t01.54 <0.001 0.0031
Systolic blood pressure, per 10mm Hg 1.14 1.12101.16 <0.001 122 1.19t01.25 <0.001 0.0001
Diastolic blood pressure, per 10 mm Hg 1.20 1.16t0 1.24 <0.001 1.34 1.28t01.41 <0.001 0.0001
Antihypertensive treatment 1.55 1.381t01.75 <0.001 1.77 1.49t02.10 <0.001 0.23
Model 2
Age, per year 1.06 1.06 to 1.07 <0.001 111 1.10to1.12 <0.001  <0.0001
Male gender 2.30 2.11 t0 2.50 <0.001 352 3.03t04.08 <0.001  <0.0001
Diabetes 1.94 1.70 to 2.21 <0.001 190 1.56102.32 <0.001 0.867
Current smoking 1.93 1.81 10 2.05 <0.001 2.68 24110298 <0.001  <0.0001
Cholesterol, per mmol/L 1.26 1.23101.29 <0.001 124 118101.29 <0.001 0.473
Body mass index, per kg/m2 1.14 1.08t01.19 <0.001 128 1.19t01.39 <0.001 0.011
Systolic blood pressure, per 10mm Hg 1.11 1.09t01.13 <0.0001 119 1.15t01.23 <0.001 0.0002
Diastolic blood pressure, per 10mm Hg 1.16 1.12101.20 <0.001 129 1.23t01.36 <0.001 0.0007
Antihypertensive treatment 1.32 1.17 t0 1.50 <0.001 137 1.15t01.64 0.001 0.659

Model 1 includes covariates age and gender.

Model 2 includes age, gender, body mass index, diabetes, smoking habits, cholesterol, either systolic blood or diastolic blood pressure
and antihypertensive treatment. Note: when systolic and diastolic blood pressure were included in the same model, systolic blood pressure
showed stronger relationships to both non-fatal and fatal coronary events, compared with diastolic blood pressure.

5494 first-time CEs (6.10 per 1000 person-years). Of
these, 1554 (28.3%) were fatal. In men, the incidence of
fatal and non-fatal CEs was 2.12 and 5.11 per 1000 person
years, respectively. The corresponding figures for women
were 0.86 and 2.76 per 1000 person years. The mean age
at the time of the first CE was 69 years for fatal CEs and 66
years for non-fatal events. The HRs for non-fatal and fatal
first-time CEs are reported in table 2.

All established risk factors were associated with both
fatal and non-fatal CEs, both after adjustments for age and
gender and in the multivariable model. Age (p<0.001),
male gender (p<0.001), blood pressure (p<0.001), BMI
(p=0.011) and smoking (p<0.001) were preferentially
associated with fatal events compared with non-fatal
events. Diabetes, cholesterol and antihypertensive treat-
ment were similarly associated with fatal and non-fatal
CEs (table 2).

Orthostatic hypotension, systolic and diastolic blood
pressure decline on standing, increased resting heart rate
at baseline and pulse pressure were all significantly asso-
ciated with both fatal and non-fatal CEs after adjustments
for age and gender (table 3). The associations between
orthostatic reactions and both fatal and non-fatal CEs
were attenuated after adjustments for cardiovascular risk

factors and no longer statistically significant. Resting heart
rate (p<0.001) and pulse pressure (p=0.013) were both
preferentially associated with fatal CEs (figure 1A-C).

DISCUSSION

In the present study, we explored which traditional risk
factors and cardiovascular autonomic indices were pref-
erentially associated with fatal CEs in the population.
Age, gender, smoking, blood pressure, pulse pressure and
BMI were stronger predictors of fatal CEs than non-fatal
events, whereas cholesterol and diabetes showed similar
associations with fatal and non-fatal CEs. Among cardio-
vascular autonomic indices, only higher resting heart rate
was predictive of fatal CEs.

Sudden cardiac death as the first manifestation of coro-
nary artery disease remains a major challenge in cardio-
vascular primary prevention.3 * Only a few prospective
studies have examined the effects of established cardio-
vascular risk factors on the fatality of CEs.” ' "® Hyper-
tension, age and male gender have been implicated in
increased risk of fatal CEs,9 1022 \Which is in line with our
findings. In contrast, previous studies have reported that
diabetes is a stronger risk factor for fatal than for non-fatal
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Table 3 Relationships between haemodynamic parameters and incidence of non-fatal and fatal first-time coronary events
and the significance of difference between the two different outcomes

Non-fatal coronary event

Fatal coronary event Heterogeneity

HR 95% ClI Pvalue HR 95% ClI P value P value

Orthostatic hypotension

Model 1 1.29 1.14t01.45 <0.001 1.32 1.101t0 1.58 0.003 0.84

Model 2 1.09 0.96 t0 1.23 0.180 1.02 0.84101.23 0.860 0.56
ASBP per —10Amm Hg

Model 1 1.10 1.06to 1.14 <0.001 1.07 1.01t01.14 0.015 0.52

Model 2 1.03 1.00 to 1.07 0.084 0.97 0.92t01.03 0.364 0.089
ADBP per —10Amm Hg

Model 1 1.16 1.0910 1.23 <0.001 1.10 1.00t0 1.21 0.041 0.37

Model 2* 1.06 1.00t0 1.13 0.058 0.95 0.86 t0 1.04 0.275 0.052
PP per 10mm Hg

Model 1 1.13 1.10t0 1.17 <0.001 1.22 1.17t0 1.27 <0.001 0.007

Model 2t 1.10 1.07t01.13 <0.001 1.18 1.13t01.23 <0.001 0.013
RHR per 10 bpm

Model 1 1.07 1.03t01.10 <0.001 1.22 1.17t01.28 <0.001 <0.0001

Model 2 0.98 0.95101.01 0.181 1.09 1.04t01.15 0.001 0.0004

Model 1 includes covariates age and gender.

Model 2 includes age, gender, diabetes, smoking habits, cholesterol, body mass index, antihypertensive treatment and systolic blood

pressure.
*Adjusted for diastolic instead of systolic blood pressure.
TNot adjusted for systolic or diastolic blood pressure.

bpm, beats per minute; DBP, diastolic blood pressure; PP, pulse pressure; RHR, resting heart rate at baseline; SBP, systolic blood pressure.

CEs," which was not the case in our study. Since previous
studies have used 28 days and not the first day as the time
frame for a fatal CE, this may indicate that diabetes is
associated with poorer recovery and increased mortality
after the event but not with sudden cardiac death per
se. The relationships between fatality of future CEs and
smoking have been inconsistent in previous studies.” '

The reason for the relationship between certain estab-
lished risk factors and increased fatality in CEs is not
clearly understood. The mechanisms that link increased
blood pressure and elevated pulse pressure to CEs and its
fatality may involve endothelial damage, atherosclerosis
and left ventricular hypertrophy. Stress and structural
changes of the valves, atrial myocardium and left ventric-
ular myocardium result in hypertrophy or dilatation and
structural changes of the heart, which also can result in
disturbances in its electrical system.” ® Earlier studies have
shown that left ventricular dysfunction of any cause is a
strong predictor of sudden cardiac death and that tach-
yarrhythmia is the most common electrophysiological
mechanism leading to sudden cardiac death.”®* Hence,
hypertension related to hyperadrenergic drive and
neuroendocrine hyper activation can increase the risk of
fatality by promoting mechanisms related to arrhythmia
as well as ischaemia and atherosclerosis.

Beside established cardiovascular risk factors, mani-
festations indicating cardiovascular autonomic dysfunc-
tion have become increasingly recognised as important

cardiovascular risk factors. Previous studies have shown
increased incidence of CVD in individuals with ortho-
static hypotension' '® and elevated resting heart rate,**
measures that are believed to reflect the cardiovascular
autonomic function.

Resting heart rate was significantly associated with fatal
CEs in our study. This finding is largely in concordance
with a study of British men that has reported an associ-
ation with sudden cardiac death and a non-significant
association with fatal CEs.'"’ * Resting heart rate reflects
the balance between sympathetic and parasympathetic
inputs.”® An increased heart rate may thus indicate an
autonomic state of increased sympathetic activity.”* 2
Even though not proved by our current data, it is reason-
able to hypothesise that such increased sympathetic
activity may by itself increase the risk of coronary death
by a number of pathophysiological mechanisms, such as
increased propensity for malignant arrhythmias as well as
an increased myocardial oxygen demand at the time of
plaque rupture. However, elevated resting heart rate is
also a non-specific marker of other health indicators that
may indicate the risk of a poor outcome, such as poor
physical fitness, exposure to smoking, poor lung function
and overweight.?” Thus, a number of various factors may
contribute to the observed association between elevated
resting heart rate and CE fatality.

There are some important limitations of our current
study. We do not have information about death within the
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Figure 1 The relationship between haemodynamic
measurements and incidence of non-fatal and fatal coronary
events (CEs). HRs (depicted by horizontal bars) and the
95% Cl (vertical bars) for non-fatal (solid lines) and fatal
(dashed lines) CEs in relation to resting heart rate, systolic
blood pressure and pulse pressure at baseline. Mean (range)
in mm Hg for the quartiles of systolic blood pressure were
110 (75-115), 122 (117-125), 132 (128-135), 149 (137-255)
for quartile 1, 2, 3 and 4, respectively. Mean (range) in mm
Hg for the quartiles of pulse pressure were 31 (0-35), 40
(87-40), 47 (41-50) and 61 (51-130) for quartiles 1, 2, 3 and
4, respectively.

first hour, which would have been valuable for assessing
true sudden cardiac death. Moreover, the specific diag-
nosis of ischaemic heart disease as a cause of death always
implies some degree of uncertainty, even in this context
with autopsy confirmation in 60% of the population.
Previous validation studies have shown acceptable validity
for the diagnosis of myocardial infarction in the Swedish
National Hospital Discharge Register® and the Swedish
Cause of Death Register.” We assessed the various risk
factors at baseline only, not during follow-up and/or at
the time of the event. Individuals with high risk were
referred for further evaluations and treatment of risk
factors. A previous study reported that the interventions
had no effect on mortality in the whole cohort.'” It is also
likely any effect of intervention should be largely similar
both for fatal and non-fatal events. Finally, as a meth-
odological limitation, blood pressure on standing was

measured after 1 min, not at 3min as recommended in
the current consensus of orthostatic hypotension.'® This
reflects the fact that this consensus was not yet developed
at the time of the baseline examination.

CONCLUSIONS

In this large population-based study with a particularly
long follow-up, we report that certain established cardi-
ovascular risk factors as well as increased resting heart
rate are preferentially associated with higher risk of fatal
outcome during first-ever CE. These risk factors may
require special attention in cardiovascular prevention
programmes and in the overall efforts to further reduce
coronary artery disease mortality.
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Acknowledgements The screening programme was supported by the City of
Malmg, Sweden.

Contributors CZ, AF,YB, VH and GE contributed to the conception or design of the
work. All authors contributed to the acquisition, analysis or interpretation of data
for the work. CZ, AF, VH and GE drafted the manuscript. All authors critically revised
the manuscript. All authors gave final approval and agree to be accountable for all
aspects of work ensuring integrity and accuracy.

Funding This study was supported by grants from the Swedish Heart-Lung
Foundation, The Swedish Heart and Lung Association, the Swedish Research Council
(Dnr 2019-01236), Lund University Infrastructure grant 'Malmé population-based
cohorts' (STYR 2019/2046), the Medical Faculty of Lund University, Governmental
funding within the Swedish National Health Services, Skane University Hospital
Funds, Crafoord Foundation, Ernhold Lundstroms Research Foundation, Region
Skane, Hulda and Conrad Mossfelt Foundation and Anna-Lisa and Sven Eric
Lundgrens Foundation for Medical Research.

Competing interests SG has been employed by Novo Nordisk after the completion
of this study.

Patient consent for publication Not required.

Ethics approval The study complied with the Declaration of Helsinki. Informed
consent was obtained from all subjects. The Health Service Authority of Malmo

approved the screening programme. The use of the database, including linkage
with the Swedish National Hospital Discharge Register and the Swedish Cause

of Death Register, was approved by the regional ethics committee in Lund (DNR
85/2004).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. Please
contact the corresponding author.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Christian Zambach http://orcid.org/0000-0002-6859-2693
Artur Fedorowski http://orcid.org/0000-0002-5352-6327
Linda S B Johnson http://orcid.org/0000-0002-2249-8220
Viktor Hamrefors http://orcid.org/0000-0002-8475-0866
Gunnar Engstrom http://orcid.org/0000-0002-8618-9152

REFERENCES
1 Mannsverk J, Wilsgaard T, Njelstad |, et al. Age and gender
differences in incidence and case fatality trends for myocardial
infarction: a 30-year follow-up. The Tromso study. Eur J Prev Cardiol
2012;19:927-34.

6

Zambach C, et al. Open Heart 2021;8:6001445. doi:10.1136/openhrt-2020-001445


https://twitter.com/ArturFedorowski
https://twitter.com/ljsMD
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-6859-2693
http://orcid.org/0000-0002-5352-6327
http://orcid.org/0000-0002-2249-8220
http://orcid.org/0000-0002-8475-0866
http://orcid.org/0000-0002-8618-9152
http://dx.doi.org/10.1177/1741826711421081

Cardiac risk factors and prevention

2

10

11

12

13

14

World Health Organization. Who fact sheet: top 10 causes of

death globally, 2016. Available: http://www.who.int/mediacentre/
factsheets/fs310/en/index.html

Zipes DP, Wellens HJ. Sudden cardiac death. Circulation
1998;98:2334-51.

Olson KA, Patel RB, Ahmad FS, et al. Sudden cardiac death risk
distribution in the United States population (from NHANES, 2005 to
2012). Am J Cardiol 2019;123:1249-54.

Goldberger JJ, Basu A, Boineau R, et al. Risk stratification

for sudden cardiac death: a plan for the future. Circulation
2014;129:516-26.

Priori SG, Blomstréom-Lundqvist C, Mazzanti A, et al. 2015

ESC guidelines for the management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death: the

task force for the management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death of the
European Society of cardiology (ESC). endorsed by: association for
European paediatric and congenital cardiology (AEPC). Eur Heart J
2015;36:2793-867.

Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable
risk factors associated with myocardial infarction in 52 countries (the
INTERHEART study): case-control study. Lancet 2004;364:937-52.
Piepoli MF, Hoes AW, Agewall S, et al. 2016 European Guidelines
on cardiovascular disease prevention in clinical practice: The Sixth
Joint Task Force of the European Society of Cardiology and Other
Societies on Cardiovascular Disease Prevention in Clinical Practice
(constituted by representatives of 10 societies and by invited
experts)Developed with the special contribution of the European
Association for Cardiovascular Prevention & Rehabilitation (EACPR).
Eur Heart J 2016;37:2315-81.

Njolstad I, Arnesen E. Preinfarction blood pressure and smoking
are determinants for a fatal outcome of myocardial infarction: a
prospective analysis from the Finnmark study. Arch Intern Med
1998;158:1326-32.

Wannamethee G, Whincup PH, Shaper AG, et al. Factors
determining case fatality in myocardial infarction "who dies in a heart
attack"? Br Heart J 1995;74:324-31.

Adamsson Eryd S, Smith JG, Melander O, et al. Incidence

of coronary events and case fatality rate in relation to blood
lymphocyte and neutrophil counts. Arterioscler Thromb Vasc Biol
2012;32:533-9.

Engstréom G, Hedblad B, Janzon L, et al. Fatality of acute coronary
events in relation to hypertension and low-grade inflammation: a
population-based cohort study. J Hum Hypertens 2006;20:581-6.
Quintana HK, Janszky |, Kanar A, et al. Comorbidities in relation

to fatality of first myocardial infarction. Cardiovasc Pathol
2018;32:32-7.

Fedorowski A, Stavenow L, Hedblad B, et al. Orthostatic
hypotension predicts all-cause mortality and coronary events in
middle-aged individuals (the Malmo preventive project). Eur Heart J
2010;31:85-91.

15

20

21

22

23

24

25

26

27

28

29

Gerritsen J, Dekker JM, TenVoorde BJ, et al. Impaired autonomic
function is associated with increased mortality, especially in subjects
with diabetes, hypertension, or a history of cardiovascular disease:
the Hoorn study. Diabetes Care 2001;24:1793-8.

Ricci F, Fedorowski A, Radico F, et al. Cardiovascular morbidity

and mortality related to orthostatic hypotension: a meta-analysis of
prospective observational studies. Eur Heart J 2015;36:1609-17.
Berglund G, Nilsson P, Eriksson KF, et al. Long-term outcome of the
Malmé preventive project: mortality and cardiovascular morbidity. J
Intern Med 2000;247:19-29.

Consensus statement on the definition of orthostatic hypotension,.
Consensus statement on the definition of orthostatic hypotension,
pure autonomic failure, and multiple system atrophy. The consensus
Committee of the American autonomic Society and the American
Academy of Neurology. Neurology 1996;46:1470.

Rasmussen S, Abildstrom SZ, Rosén M, et al. Case-Fatality rates for
myocardial infarction declined in Denmark and Sweden during 1987-
1999. J Clin Epidemiol 2004;57:638-46.

Glynn RJ, Rosner B. Comparison of risk factors for the

competing risks of coronary heart disease, stroke, and venous
thromboembolism. Am J Epidemiol 2005;162:975-82.

Leening MJG, Cook NR, Franco OH, et al. Comparison of
cardiovascular risk factors for coronary heart disease and stroke
type in women. J Am Heart Assoc 2018;7:€007514.

Lang T, Ducimetiére P, Arveiler D, et al. Incidence, case fatality, risk
factors of acute coronary heart disease and occupational categories
in men aged 30-59 in France. Int J Epidemiol 1997;26:47-57.

Lip GYH, Coca A, Kahan T, et al. Hypertension and cardiac
arrhythmias: a consensus document from the European heart rhythm
association (EHRA) and ESC Council on hypertension, endorsed by
the heart rhythm Society (HRS), Asia-Pacific heart rhythm Society
(APHRS) and Sociedad Latinoamericana de Estimulacién Cardiaca Y
Electrofisiologia (SOLEACE). Europace 2017;19:891-911.

Vazir A, Claggett B, Cheng S, et al. Association of resting heart rate
and temporal changes in heart rate with outcomes in participants

of the Atherosclerosis risk in Communities study. JAMA Cardiiol
2018;3:200.

Wannamethee G, Shaper AG, Macfarlane PW, et al. Risk factors

for sudden cardiac death in middle-aged British men. Circulation
1995;91:1749-56.

Lahiri MK, Kannankeril PJ, Goldberger JJ. Assessment of autonomic
function in cardiovascular disease: physiological basis and
prognostic implications. J Am Coll Cardiol 2008;51:1725-33.

Jensen MT. Resting heart rate and relation to disease and longevity:
past, present and future. Scand J Clin Lab Invest 2019;79:108-16.
Hammar N, Alfredsson L, Rosén M, et al. A national record linkage
to study acute myocardial infarction incidence and case fatality in
Sweden. Int J Epidemiol 2001;30 Suppl! 1:S30-4.

Eriksson A, Stenlund H, Ahim K, et al. Accuracy of death certificates
of cardiovascular disease in a community intervention in Sweden.
Scand J Public Health 2013;41:883-9.

Zambach C, et al. Open Heart 2021;8:€001445. doi:10.1136/openhrt-2020-001445


http://www.who.int/mediacentre/factsheets/fs310/en/index.html
http://www.who.int/mediacentre/factsheets/fs310/en/index.html
http://dx.doi.org/10.1161/01.CIR.98.21.2334
http://dx.doi.org/10.1016/j.amjcard.2019.01.020
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.007149
http://dx.doi.org/10.1093/eurheartj/ehv316
http://dx.doi.org/10.1016/S0140-6736(04)17018-9
http://dx.doi.org/10.1093/eurheartj/ehw106
http://dx.doi.org/10.1001/archinte.158.12.1326
http://dx.doi.org/10.1136/hrt.74.3.324
http://dx.doi.org/10.1161/ATVBAHA.111.240416
http://dx.doi.org/10.1038/sj.jhh.1002037
http://dx.doi.org/10.1016/j.carpath.2017.11.002
http://dx.doi.org/10.1093/eurheartj/ehp329
http://dx.doi.org/10.2337/diacare.24.10.1793
http://dx.doi.org/10.1093/eurheartj/ehv093
http://dx.doi.org/10.1046/j.1365-2796.2000.00568.x
http://dx.doi.org/10.1046/j.1365-2796.2000.00568.x
http://dx.doi.org/10.1212/wnl.46.5.1470
http://dx.doi.org/10.1016/j.jclinepi.2003.10.013
http://dx.doi.org/10.1093/aje/kwi309
http://dx.doi.org/10.1161/JAHA.117.007514
http://dx.doi.org/10.1093/ije/26.1.47
http://dx.doi.org/10.1093/europace/eux091
http://dx.doi.org/10.1001/jamacardio.2017.4974
http://dx.doi.org/10.1161/01.CIR.91.6.1749
http://dx.doi.org/10.1016/j.jacc.2008.01.038
http://dx.doi.org/10.1080/00365513.2019.1566567
http://dx.doi.org/10.1093/ije/30.suppl_1.s30
http://dx.doi.org/10.1177/1403494813499653

	Cardiovascular risk factors and autonomic indices in relation to fatal and non-­fatal coronary events
	Abstract
	Introduction﻿﻿
	Methods
	Study population
	Baseline examinations
	Patient and public involvement
	Endpoint retrieval
	Statistical analysis

	Results
	Baseline characteristics
	Incidence of fatal and non-fatal CEs

	Discussion
	Conclusions
	References


