PHD THESIS

DANISH MEDICAL JOURNAL

Depression, stroke, and dementia in patients with myocardial infarction
Studies of risk and prognosis

Jens Sundbøll
This review has been accepted as a thesis together with four previously published
papers by Aarhus University 24th of August 2017 and defended on 27th of September 2017
Tutors: Morten Schmidt, Poul Videbech, Hans Erik Bøtker, and Henrik Toft Sørensen
Official opponents: John-Bjarne Hansen, Rudi Westendorp, and Henrik Wiggers
Correspondence: Department of Clinical Epidemiology, Aarhus University Hospital,
Olof Palmes Allé 43-45, DK-8200, Aarhus N, Denmark
E-mail: jens.sundboll@clin.au.dk

Dan Med J 2018;65(4):B5423

THE FOUR ORIGINAL PAPERS ARE
I. Sundbøll J, Adelborg K, Munch T, Frøslev T, Sørensen HT,
Bøtker HE, Schmidt M. Positive predictive value of cardiovascular diagnoses in the Danish National Patient Registry: a validation study. BMJ Open 2016;6:e012832
II. Sundbøll J, Schmidt M, Adelborg K, Pedersen L, Bøtker HE,
Videbech P, Sørensen HT. Impact of pre-admission depression
on mortality following myocardial infarction. Br J Psychiatry
2017;210:356–361.
III. Sundbøll J, Horváth-Puhó E, Schmidt M, Pedersen L, Henderson VW, Bøtker HE, Sørensen HT. Long-term Risk of Stroke in
Myocardial Infarction Survivors: Thirty-Year Population-Based
Cohort Study. Stroke 2016;47:1727-1733.
IV. Sundbøll J, Horváth-Puhó E, Adelborg K, Schmidt M, Pedersen
L, Bøtker HE, Henderson VW, Sørensen HT. Higher Risk of Vascular Dementia in Myocardial Infarction Survivors. Circulation
2017 [Epub ahead of print].
THESIS STRUCTURE
This dissertation examines outcomes after myocardial infarction
(MI), focusing on the relation with cerebral diseases including
depression, stroke, and dementia.
Four studies form the basis of the dissertation and are referred to
throughout the text by Roman numerals (I–IV). Studies II–IV are
registry-based and, as such, dependent on adequate data quality
in the registries used, primarily the Danish National Patient Registry (DNPR). Therefore, study I focused on examining the validity

of all major cardiovascular diagnoses in the DNPR, as these codes
are used extensively in the subsequent studies II–IV. Throughout
the dissertation, study I is described separately, whereas studies
II–IV are described together where appropriate.
The introduction describes the epidemiology, definition,
and pathophysiology of MI and, in light of a review of existing
literature, the relation with exposures and outcomes of studies II–
IV. The next three chapters describe the methods and results of
the studies, followed by a discussion of our findings in relation to
the existing literature, methodological considerations, and perspectives. The final chapter includes a summary in English.
INTRODUCTION
THE HEART-BRAIN RELATION
The heart and brain are vital organs connected physically by the
vagus nerve and through the bloodstream, where emboli and
chemical substances can travel. Sir William Harvey observed more
than 350 years ago that negative emotions adversely affect the
heart.1 Scientific literature supporting this notion was sparse until
the 1930s, when two longitudinal studies of psychiatric patients
demonstrated that depression may correlate with early death,
particularly from cardiovascular disease.2,3 Today, we know that
mental diseases and emotions have the potential to adversely
affect the heart, as exemplified by broken heart syndrome, which
mimics MI and is associated with emotional stress.4 Conversely,
heart diseases, such as atrial fibrillation, can affect the brain
through embolization of intracardiac thrombi, causing ischemic
stroke.5-8 This dissertation examines how a disease of the brain,
depression, can affect the prognosis of a heart disease, MI, and,
conversely, how MI is associated with subsequent risk of stroke
and dementia.
EPIDEMIOLOGY OF MYOCARDIAL INFARCTION
The epidemiology of MI during the second half of the twentieth
century exhibits a bimodal pattern, with a rise in incidence up to
1977,9 followed by a continuous decline until today.10 However,
the burden of coronary artery disease continues to constitute a
major global health problem. Coronary artery disease, which
precedes MI, is the single most frequent cause of death globally
with seven million deaths each year (13% of all deaths) according
to the World Health Organization (WHO).11 In Denmark, approximately 8,000 patients are admitted annually with MI.10 The incidence has declined by 50% in Denmark during the past few decDANISH MEDICAL JOURNAL
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ades,10 primarily owing to a general improvement in primary
prevention.12 Reduction in the rate of smoking is presumably the
single most important contributor to the declining incidence13
because the prevalence of obesity and diabetes has increased
concomitantly.12,14 The decreasing incidence of MI has been
consistent since the early 1980s, apart from a transient increase
between 2000 and 2004.10 The peak around 2002 was presumably attributable to a redefinition of MI in 2000 including sensitive
biochemical markers of myocardial injury, such as troponins,
which are now a cornerstone of the diagnostic criteria.15 Not only
the incidence, but also the 30-day and 1-year mortality following
MI, decreased by approximately 50% during the same period,10
leading to an overall increase in the prevalence of MI survivors.9
The decline in MI mortality is estimated to be equally attributed
to primary prevention and improved management of MI.14,16
The improved survival after MI implies an increased likelihood of developing chronic medical conditions. The proportion of
adults with at least one chronic disease is roughly 90% in individuals older than 65 years of age,17 who comprise more than half of
patients with MI.18 Therefore, it is increasingly pertinent to identify the risk of age-related diseases (e.g., stroke and dementia) and
determinants of increased mortality (e.g., depression) to enable
directed tertiary prevention in the ageing population of MI survivors.
DEFINITION OF MYOCARDIAL INFARCTION
In contrast to the previous WHO definition of MI from 1971,19 the
revised definition in 2000 (updated in 200720 and 201221) includes
myocardial injury as an absolute criterion.15
The term ‘acute MI’ is now used only when there is evidence of
myocardial necrosis and the clinical setting suggests acute myocardial ischemia. Under these conditions, the following definition
of MI is now universally applicable21:
Detection of an increase and/or decrease in a cardiac biomarker
(preferably troponins) with at least one value above the 99th
percentile upper reference limit and with ≥1 of the following:
•
•
•
•
•

Symptoms of ischemia (e.g., chest pain, dyspnea, anxiety,
nausea)
Electrocardiographic changes indicating new ischemia
(new ST-T changes or new left bundle branch block)
Development of pathological Q waves on the electrocardiogram (ECG)
Imaging evidence of new loss of viable myocardium or
new regional wall motion abnormality
Identification of an intracoronary thrombus by angiography or autopsy

Based on electrocardiographic features, MI is divided into STsegment elevation MI (STEMI) and non-STEMI (NSTEMI).21 During
the past two decades, the proportion of patients with STEMI has
steadily declined, and the number with NSTEMI has slightly increased22 to currently comprise 60−75% of all MIs.22 This development was presumably prompted by the new, more sensitive
definition of MI in 2000.15 MI is also classified based on the pathophysiology leading to the MI. Type 1 is caused by plaque rupture
with thrombus formation, whereas Type 2 is caused by an imbalance between the myocardial oxygen supply and demand.21 Type
3 is death presumably caused by MI, but without an available
cardiac biomarker. Types 4–5 are MIs related to cardiac proce-

dures (percutaneous coronary intervention [PCI], stent thrombosis, or coronary artery bypass grafting [CABG]).21
PATHOPHYSIOLOGY OF MYOCARDIAL INFARCTION
The pathophysiology underlying the clinical syndrome of MI was
first described in Denmark in 1930 by Warburg.23 The pathophysiology leading to MI typically starts with the formation of an
atherosclerotic plaque, which may become vulnerable over the
course of several years. A vulnerable plaque is characterized by a
thin fibrotic cap covering lipid-laden foam cells. Most MIs result
from a rupture of the vulnerable plaque followed by thrombus
formation (type I MI).21,24 Upon rupture, the thrombogenic content of the plaque is exposed, causing platelet activation, initiation of the coagulation cascade, thrombus formation, and eventually occlusion of the coronary artery. Downstream embolization
of atherosclerotic debris may contribute to the rupture of additional vulnerable plaques, causing the formation of several culprit
lesions.25 When the resulting myocardial ischemia is prolonged,
the myocytes ultimately necrotize and release troponin into the
bloodstream. Thus, the infarcted myocardium is unveiled by
elevated troponin levels in the peripheral blood, a mainstay in the
diagnosis of MI.21 The factors influencing final infarct size include
degree of coronary artery occlusion (total vs. subtotal), duration
of occlusion, and volume of myocardium supplied.21 The presence
of collateral circulation between coronary arteries has also been
associated with improved survival after an MI.26 Collaterals develop and expand proportionally with the level of coronary artery
stenosis. The established collateral circulation connects epicardial
coronary arteries, providing an alternative route for the blood
supply to the myocardium at risk.26
RISK FACTORS AND PROGNOSTIC FACTORS FOR MYOCARDIAL
INFARCTION
The rise in incidence of MI after World War II reached epidemic
proportions in the US, prompting the initiation of the Framingham Heart Study in 1948.27 Studies from this initiative identified
important risk factors for MI, including a family history of MI,
hypercholesterolemia, hypertension, diabetes, smoking, abdominal obesity, and physical inactivity.27,28
According to the Global Registry of Acute Coronary Events
(GRACE) hospital discharge prediction model, important prognostic factors for 6-month mortality after MI include older age, history of congestive heart failure or MI, elevated resting heart rate at
presentation, lower systolic blood pressure at presentation, STsegment depression on presenting ECG, elevated initial serum
creatinine levels, elevated initial cardiac biomarker levels, and not
having PCI.29 These prognostic factors have been demonstrated
to also accurately predict mortality beyond 6 months after MI.30
LITERATURE REVIEW
To review the existing literature on research topics contained in
this dissertation, we searched Medline using Medical Subject
Headings (MeSH), creating the search builder from “AND/OR”
combinations of Major or non-Major MeSH terms. All searches
were restricted to papers in English, apart from the search for
study I, which also included papers in Danish. Titles and abstracts
were reviewed and relevant papers selected according to the
PICO criteria (population, intervention/exposure, comparison,
and outcome).31 Furthermore, for each selected paper, we reviewed the reference lists and related papers highlighted by
Medline to screen for further relevant publications. The search
for study I (validation study) did not identify all relevant papers
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because validation is often included as a part of studies with
another primary aim. Therefore, for study I, we included the
majority of papers from the reference lists of papers identified in

the search and included additional studies known to us beforehand. An overview of the literature is provided in Tables 1–4, and
search terms are provided after Table 4.

Table 1. Summary of literature review (study I).
Study I: Positive predictive value of cardiovascular diagnoses in the Danish National Patient Registry
Author, journal,
year

ICD codes/algorithm, contact type,
diagnosis type

Study period, reference standard, sample size, outcome

Results*, limitations

- 2000–2009
- Medical record review
- N=148
- PPV
- 1998–2007
- Discharge summaries
- N=50
- PPV
- 1993–2003
- Medical record review, discharge summary, blood tests,
ECG
- N=1072
- PPV
- 1982–1991
- DANMONICA (definite or
possible cases including cardiac
arrest)
- N= 5022
- PPV and sensitivity

- PPV = 100 (97.5–100)
- NPV, sensitivity, and specificity not included

- ICD-10: I20.0
- IN/OUT/ED
- Primary and secondary diagnoses

- 1993–2003
- Medical record review, discharge summary, blood tests,
ECG
- N=444
- PPV

- PPV(IN/OUT/ED) = 27.5 (23.5–31.8)
- PPV(IN) = 42.0 (36.0–48.0)
- Only one reviewer; NPV, sensitivity, and specificity not included

- ICD-10: I50, I11.0, I13.0, I13.2
- IN/OUT
- Primary diagnoses

- 1998–2007
- Discharge summaries
- N=50
- PPV
- 2005–2007
- Medical record review
- N=758
- PPV

- PPV = 100 (92.9–100)
- NPV, sensitivity, and specificity not included;
review restricted to discharge summaries

- 1977–2010
- Prescription registry
- N=524
- PPV

- PPV = 88.2 (85.4–90.9)
- NPV, sensitivity, and specificity not included;
reference based on redeemed prescriptions for
antihypertensive medications; only males included.

Diagnosis: Myocardial infarction
- Coloma et al.32
- BMJ Open
- 2013

- ICD-10: I21
- IN
- Primary diagnoses

- Thygesen et al.33
- BMC Med Res
Methodol
- 2011
- Joensen et al.34
- J Clin Epidemiol
- 2009

- ICD-10: I21, I22, I23
- IN/OUT
- Primary diagnoses

- Madsen et al.35
- J Clin Epidemiol
- 2003

- ICD-8: 410; ICD-10: I21
- IN/OUT/ED
- Primary and secondary diagnoses

- ICD-8: 410, 427.24, 427.27, 427.91,
427.97
- IN/OUT
- Primary and secondary diagnoses

- PPV = 98.0 (89.5–99.7)
- NPV, sensitivity, and specificity not included;
review restricted to discharge summaries
- PPV(IN/OUT/ED) = 81.9 (79.5–84.1)
- PPV(IN; primary and secondary diagnoses) =
92.4 (90.4–93.9)
- PPV(IN; primary diagnoses) = 94.4 (92.6–95.7)
- Only one reviewer; NPV, sensitivity, and specificity not included
- PPV(primary diagnoses) = 94.3 (93.6–94.9)
- PPV(primary and secondary diagnoses) = 93.4
(92.6–94.0)
- Sensitivity(primary diagnoses) = 62.8 (61.7–
64.0)
- Sensitivity(primary and secondary diagnoses) =
69.5 (68.4–70.6)
- NPV and specificity not included

Diagnosis: Unstable angina pectoris
- Joensen et al.34
- J Clin Epidemiol
- 2009

Diagnosis: Heart failure
- Thygesen et al.33
- BMC Med Res
Methodol
- 2011
- Mard et al.36
- Clin Epidemiol
- 2010

- ICD-10: I11.0, I13.0, I13.2, I42.0, I42.6–
9, I50.0–I50.1, I50.9
- IN/OUT
- Primary and secondary diagnoses

- PPV(overall) = 84.0 (81.3–86.5)
- PPV(first-time events) = 77.9 (74.1–81.6)
- NPV, sensitivity, and specificity not included
- Only patients at university hospital cardiac care
unit

Diagnosis: Arterial hypertension
- Schmidt et al.37
- BMJ Open
- 2013

- ICD-8: 400–404; ICD-10: I10–I15 (essential hypertension in males)
- IN/OUT
- Primary and secondary diagnoses
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- Nielsen et al.38
- Ugeskr Laeg
- 1996

- ICD-8: 401.99
- IN
- Primary diagnoses

- 1983–1990
- Medical record review
- N=310
- PPV

- PPV = 40 (26–55) to 60 (49–70)
- Restricted to inpatients and primary diagnoses;
NPV, sensitivity, and specificity not included

- PPV(All) = 92.3 (88.6–94.8)
- PPV(IN/OUT) = 94.0 (90.5–96.3) (independent
of diagnosis type and department specialty)
- PPV(ED) = 64.7 (41.3–82.7)
- Missing heart rhythm documentation in medical records; selected subjects included in cohort
study (Diet, Cancer, and Health)  hampered
generalizability; age restricted to 50–64 years;
only PPV included.
- PPV = 98.9 (95.9–99.7)
- 13% of the sampled medical records could not
be retrieved; NPV, sensitivity, and specificity not
included

Diagnosis: Atrial fibrillation or flutter
- Rix et al.39
- Scand Cardiovasc J
- 2012

- ICD-8: 427.93, 427.94; ICD-10: I48
- IN/OUT/ED
- Primary and secondary diagnoses

- 1993–2009
- Medical record and heart
rhythm documentation
- N=284
- PPV

- Frost et al.40
- Am J Med
- 2007

- ICD-8: 427.93, 427.94; ICD-10: I48
- N/A
- N/A

- Frost et al.41
- Arch Intern Med
- 2004

- ICD-8: 427.93, 427.94; ICD-10: I48
- N/A
- N/A

- 1980–2002
- Medical record and heart
rhythm documentation
- N=174
- PPV
- 1980–2002
- Medical record and heart
rhythm documentation
- N=116
- PPV

- PPV = 96.6 (91.5–98.7)
- Only one reviewer; NPV, sensitivity, and specificity not included

Diagnosis: Cardiac arrest
- Joensen et al.34
- J Clin Epidemiol
- 2009

- ICD-8: 427.27; ICD-10: I46
- IN/OUT/ED
- Primary and secondary diagnoses

- 1993–2003
- Medical record review, discharge summary, blood tests,
ECG
- N=42
- PPV

- PPV(IN/OUT/ED) = 50.0 (35.5–64.5)
- PPV(IN) = 53.1 (36.5–69.1)
- Only one reviewer; NPV, sensitivity, and specificity not included

- 2004–2012
- Medical record review
- N=20
- PPV
- 1994–2006
- Medical record review, discharge summary, blood tests,
ultrasound, venography, echo,
ventilation-perfusion lung scan,
CT scan
- N=1100
- PPV

- PPV=90.0 (69.9–97.2)
- NPV, sensitivity, and specificity not included

- 2004–2012
- Medical record review
- N=90
- PPV

- PPV(IN/OUT, primary/secondary diagnosis,
scan) = 27.5 (16.1–42.8). PPV(IN/OUT, primary/secondary diagnosis, anticoagulant use) =
30.2 (18.6–45.1). PPV(IN, primary/secondary
diagnosis, scan) = 79.0 (56.7–91.5), PPV(IN,
primary/secondary diagnosis, anticoagulant use)
= 56.5 (36.8–74.4)
- NPV, sensitivity, and specificity not included

Diagnosis: Venous thromboembolism
- Schmidt et al.42
- J Thromb Haemost
- 2014
- Severinsen et al.43
- J Clin Epidemiol
- 2010

- ICD-10: I80.1–3, I26 + prescriptions for
anticoagulants ≤ 30 days after diagnosis
- IN/OUT
- Primary and secondary diagnoses
- ICD-8: 450.99, 451.00, 451.08, 451.09,
451.99; ICD-10: I26, I80.1–I80.9
- IN/OUT/ED
- Primary and secondary diagnoses

- PPV(All) = 58.5 (55.5–61.3)
- PPV(IN/OUT) = 75.0 (71.9–77.8)
- PPV(ED) = 31.3 (27.2–35.7)
- PPV(primary diagnosis) = 77.0 (73.7–80.0)
- NPV, sensitivity, and specificity not included

Diagnosis: Recurrent venous thromboembolism
- Schmidt et al.42
- J Thromb Haemost
- 2014

- ICD-10: I80.1–3, I26 (>3 months after
first–time diagnosis) + ultrasound/CT
scan during admission or prescriptions
for anticoagulants ≤ 30 days after
diagnosis
- IN/OUT
- Primary and secondary diagnoses

*Positive predictive values (PPVs) are % (95% confidence interval).
All studies examined the validity of codes in the Danish National Patient registry.
Abbreviations: DANMONICA, Danish Monitoring Trends and Determinants in Cardiovascular Disease project; ED, emergency department; ICD, International Classification of Diseases; IN, inpatients; OUT, outpatients; NPV, negative predictive value
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Table 2. Summary of literature review (study II).
Study II: Impact of Pre-admission Depression on Mortality following Myocardial Infarction
Author, journal,
Design, data sources, setting
year
(study period)
Exposure: Depression before myocardial infarction
Abrams et al.44
- Cohort study
- Circ Cardiovasc
- Registry-based
Qual Outcomes
- Veterans Health Admin- 2009
istration hospitals across the
US (2004–2006)

Population, exposure, outcome

Results, limitations

- MI patients (n=21,745)
- Psychiatric comorbidity (1) secondary inpatient diagnosis during MI
admission, 2) diagnoses from prior
outpatient visits
- Reference: no psychiatric comorbidity using both methods
- 30- and 365-day all-cause mortality

- Using inpatient secondary diagnosis codes, 2285
(10%) had psychiatric disorders vs. 5225 (24%) when
using prior outpatient codes
- Patients with psychiatric comorbidity had higher
adjusted 30- and 365-day mortality based on outpatient codes (aOR 1.19, 95% CI 1.09–1.30 and 1.12, 95%
CI 1.03–1.22, respectively), but similar mortality when
using inpatient codes (aOR 0.89, 95% CI 0.69–1.01 and
0.93 95% CI 0.82–1.06, respectively)
- Older male (98%) population with unique benefits 
selection bias and hampered generalizability; broad
exposure definition; unknown data quality
- No significant difference in survival between those
with depression in the week preceding MI (mean
survival 89.2 months, 95% CI 84.7–93.8) and those
without (mean survival 89.9 months, 95% CI 87.4–92.4,
p = 0.75)
- Small sample size, questionnaire for depression
assessment
- RR = 1.0 (p=1.0)
- Small sample size; unadjusted estimates; all-cause
mortality was determined by phone call to surviving
contact; history of depression determined by medical
record review

Dickens et al.45
- J Am Coll Cardiol
- 2007

- Cohort study
- Questionnaire, interview,
population records
- Manchester, UK (1997–
1999)

- MI patients (n=588)
- Depression immediately preceding
MI and 12 months after MI
- 8-year all-cause mortality

Bush et al.46
- Am J Cardiol
- 2001

- Cohort study
- Clinical interview
- US, Single-center study (Jul
1995 – Dec 1996)

- MI patients (n=266)
- History of depression
- 4-month all-cause mortality

Exposure: Depression after myocardial infarction
- Smolderen et al.47 - Cohort study
- Circulation
- SRQ
- 2017
- US, 24 hospitals (data from
the TRIUMPH study) (2005–
2008)

- MI patients ≥18 years (n=4,062)
- Depression during admission
('treated' [discharge diagnosis /
medication / referral for counseling],
or 'untreated' if none of these)
- 1 year all-cause mortality

de Miranda et al.48
- Health Psychol
- 2015

- Meta-analysis
- BDI
- 1975–2011

- MI patients (n=6,775 in 9 studies)
- Depression during admission
- All-cause mortality

Meijer et al.49
- Br J Psychiatry
- 2013

- Meta-analysis
- SRQ or standardized structured diagnostic interviews

Smolderen et al.50
- Circ Cardiovasc
Qual Outcomes
- 2009

- Cohort study
- MR; MI databases; SRQ
- US, 19 hospitals (2003–
2004)

- MI patients (n=2225 in 3 studies)
- Depression within 3 months after
MI
- All-cause mortality
- MI patients (n=2347)
- Depression, depressive symptoms
(somatic/cognitive) during admission
- 4-year all-cause mortality

Carney et al.51
- Psychosom Med
- 2009

- Post-hoc analyses of RCT
- ENRICHD trial data, diagnostic interview, SRQ
- US, 8 hospitals (1996–1999)

- MI patients and depression (n=920)
- Patients with MI but no depression
- All-cause mortality

Parakh et al.52
- Am J Cardiol
- 2008

- Cohort study
- SRQ (incl. BDI)
- US (Jul 1995 – Dec 1996)

Drago et al.53

- Cohort study

- MI patients (n=284)
- Depression evaluated within 5 days
of MI admission
- 8-year all-cause mortality
- MI patients (n=100)

- 759 (18.7%) patients with depression; 231 (30.4%)
were treated
- Patients with treated depression had 1-year mortality
risks similar to patients without depression (6.7% vs.
6.1%, aHR=1.12, 95% CI 0.63–1.99)
- Patients with untreated depression had higher 1-year
mortality than patients without depression (10.8% vs.
6.1%, aHR = 1.91, 95% CI 1.39-2.62)
- aHR = 1.14 (95% CI 1.04–1.25)
- Left ventricular ejection fraction available only for
4,744 patients; missing depression data (imputated);
study heterogeneity, publication bias
- Pooled aHR = 1.23 (95% CI 1.15–1.31)
- Study heterogeneity; publication bias

- aHR (depression) = 1.41 (95% CI 1.12–1.76); aHR
(cognitive symptoms) = 1.10 (95% CI 0.97–1.25); aHR
(somatic symptoms) = 1.07 (95% CI 0.94–1.21)
- Medical record review and questionnaire as data
sources
- aHR (first depression) = 3.1 (95% CI 1.6–6.1); aHR
(recurrent major depression) = 2.2 (95% CI 1.1–4.4)
- Study population composed of participants enrolled in
a clinical trial; no information on duration of depression
- aHR (any depression) = 0.76 (95% CI 0.47–1.24); aHR
(BDI score ≥10) = 0.79 (95% CI 0.48–1.30)
- Single-center study; small sample size
- OR 12 (95% CI 2.6–56)
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- Int J Cardiol
- 2006
Nicholson et al.54
- Eur Heart J
- 2006
Parashar et al.55
- Arch Intern Med
- 2006

- Diagnostic interview; SRQ
(BDI)
- Italy (Jan 1999 – Dec 1999)
- Meta-analysis
- SRQ, diagnostic interview,
physician diagnosis, antidepressants
- Cohort study
- SRQ
- US, 19 medical centers (Jan
2003 – Jun 2004)

Sørensen et al.56
- Acta Psychiatr
Scand
- 2006

- Cohort study
- SRQ (MDI)
- Denmark (17 hospitals)
(Mar 1999 – Dec 2000)

Carney et al.57
- Arch Intern Med
- 2005

- Cohort study (patients from
the ENRICHED trial)
- BDI and DSM-IV
- USA (4 hospitals) (1997–
2000)
- Post hoc analysis of RCT
- SRQ (MOS-D)
- Multicenter international
setting (Dec 1999 – Dec
2001)
- Meta-analysis
- SRQ and clinical interviews

Rumsfeld et al.58
- Am Heart J
- 2005

Van Melle et al.59
- Psychosom Med
- 2004
Carney et al.60
- Am J Cardiol
- 2003

Lauzon et al.61
- CMAJ
- 2003

Lane et al.62
- Int J Epidemiol
- 2002
Bush et al.46
- Am J Cardiol
- 2001

- Post-hoc analysis of RCT
- Data from the ENRICHD
trial, diagnostic interview for
depression, SRQ
- US (Oct 1997– Jan 2000)
- Cohort study
- SRQ (BDI)
- Canada (10 hospitals in
Quebec) (1996–1998)
- Cohort study
- SRQ (BDI)
- UK (1997 – 1998)
- Cohort study
- Clinical interview; SRQ (BDI)
- US, Single-center study
(1995–1996)

- Major Depressive Disorder between
the 7th and 14th day from admission
- 5-year all-cause mortality
- MI patients (n= 17,842 in 34 studies)
- Depression at baseline
- All-cause mortality
- MI patients (n=1873)
- Depressive symptoms (transient
[only during hospitalization], new
[only at 1 month after discharge], or
persistent [at both times])
- 6-months all-cause rehospitalization
or mortality
- MI patients (n=763)
- Depression at discharge
- 1-year all-cause mortality

- Single-center study; small sample size with following
imprecise estimates
- Pooled RR 1.80 (95% CI 1.50–2.15)
- Study heterogeneity

- The aHRs = 1.34, 1.71, and 1.42 (all p<0.05, CIs only
available as whiskers) for transient, new, and persistent
depression, respectively
- Only 63% of approached patients gave consent 
selection bias of the exposure; depressive symptoms,
not definite diagnosis; moderate sample size; composite endpoint
- aHR = 1.1 (95% CI 0.1–9.0)
- Sample size and mortality rate low  imprecise
estimates; only 41% consented  selection bias of the
exposure; only 17 of 44 invited hospitals participated

- MI patients (n=678)
- Depression at discharge
- 30-month all-cause mortality

- aHR = 2.8 (95% CI 1.4–5.4)
- Small sample size; excluded patients who did not
meet the inclusion criteria for the ENRICHED trial

- MI patients with heart failure
(n=634) from the EPHESUS trial
- Depression at baseline
- 2-year all-cause mortality

- aHR = 1.75 (95% CI 1.15–2.68)
- Depressive symptoms, not depression diagnosis;
more severely depressed patients may have been
excluded; selection bias due to eligible patients not
completing the MOS-D
- OR = 2.38 (95% CI 1.76–3.22)
- Study heterogeneity; publication bias; modest sample
size
- aHR = 2.4 (95% CI 1.2–4.7)
- Depressed sample consisted of only a subsample of
participants in the ENRICHD clinical trial; more severely
depressed or ill patients were not enrolled in the trial;
small sample size
- aHR 1.3 (95% CI 0.59–3.05)
- Patients who died shortly after admission were not
enrolled; exclusion of the sickest patients with MI
(likely most depressed and highest death rates) 
selection bias
- OR = 1.04 (95% CI 0.50–2.16)
- Small sample size, unadjusted estimates

- MI patients (n= 3082 in 9 studies)
- Depressive symptoms at baseline
- All-cause mortality
- MI patients (n=766)
- Depression at baseline
- 30-month all-cause mortality

- MI patients (n=587)
- Depression at baseline
- 1-year all-cause mortality

- MI patients (n=288)
- Depression at baseline
- 3-year all-cause mortality
- MI patients (n=285)
- Depression at baseline
- 4-month all-cause mortality

- Depressive symptoms: RR = 2.6 (p=0.06); depression
disorder: RR = 2.0 (p=0.18)
- Small sample size; only unadjusted estimates; allcause mortality based on phone call to a surviving
contact
- OR = 1.15 (95% CI 0.49–2.67)
- Small sample size; unadjusted estimates

Lane et al.63
- Cohort study
- MI patients (n=288)
- Psychosom Med
- SRQ (BDI)
- Depression at baseline
- 2001
- UK (1997–1998)
- 1-year all-cause mortality
Abbreviations: ACS, acute coronary syndrome; aHR, adjusted hazard ratio; aOR, adjusted odds ratio; BDI, Beck’s Depression Inventory; CABG, coronary
artery bypass grafting; CES-D, Center for Epidemiologic-Depression Scale; CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular
disease; DIS, the National Institute of Mental Health Diagnostic Interview Schedule; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition; HADS-D, Hospital Anxiety and Depression Scale depression subscale; MDI, Major Depression Inventory; MI, myocardial infarction; MOS-D,
Medical Outcomes Study–Depression questionnaire; PTCA, percutaneous transluminal angiography; SRQ, self-report questionnaire; RCT, randomized
controlled trial; RR, relative risk; US, United States
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Table 3. Summary of literature review (study III).
Study III: Long-Term Risk of Stroke in Myocardial Infarction Survivors
Author, journal,
year

Design, setting, data
sources, study period

Outcome: Ischemic stroke
- Ulvenstam et
- Population-based
al.64
cohort study
- Stroke
- Sweden
- 2014
- Nationwide registries
- 1998–2008
- Kajermo et
- Population-based
al.65
cohort study
- Stroke
- Sweden
- 2014
- Nationwide registries
- 1998–2008
- Koton et al.66
- Community-based
- Int J Cardiol
cohort study
- Israel
- 2012
- 8 hospitals in central
Israel
- 1992–1993
- Ikram et al.67
- Neurology
- 2006

- Community-based
cohort study
- Rotterdam, the Netherlands
- MI: ECG/interview
- 1990–1993

- Witt et al.68
- Am J Med
- 2005

- Meta-analysis
- Population-based
studies (restricted to
1978-2004, >100 subjects), reporting the
number or percent of
ischemic strokes in MI
survivors
- Population-based casecontrol study
- The two northernmost
counties in Sweden
- 1985–1994

- Mooe et al.69
- Stroke
- 1999

Population, controls
(if applicable), outcome, exposure (if
applicable)

Results, limitations

- MI patients
(n=173,233)
- 1-year ischemic
stroke

- 7185 of 173,233 patients with acute MI had an ischemic stroke within 1 year
(4.1%)
- 20% relative risk reduction during the study period (1998–2000 vs. 2007–
2008); relative risk = 0.80 (0.75–0.86)
- Short-term (1 year) follow-up; no comparison cohort
- 3571 of 173,233 patients with acute MI had an ischemic stroke within 30
days (2.1%)
- Incidence of ischemic stroke was lower during 2007 to 2008 compared to
1998 to 2000 (2.0% vs. 2.2%, p=0.02)
- Short-term (30 days) follow-up; no comparison cohort
- aHRs = 1.5 (95% CI 0.9–2.4), 2.0 (95% CI 1.2–3.2), and 2.1 (95% CI 1.2–3.6) for
1, 2, and ≥3 unfavorable socioeconomic factors compared with none
- Patients > 65 years old were not included; unfavorable socioeconomic factors
were self-reported; findings may not be generalizable

- MI patients
(n=173,233)
- 30-day ischemic
stroke
- MI patients aged ≤
65 years (n=1261)
- 11-year ischemic
stroke
- Exposure: Unfavorable socioeconomic
status
- Recognized MI
(n=442), unrecognized MI (n=361), and
no MI (reference,
n=5636)
- Incident ischemic
strokes
- MI patients
- Ischemic stroke
during first year after
MI

- Cases with ischemic
stroke and MI within
28 days (n=103) and
controls with ischemic
stroke but without a
preceding MI within
28 days (n=206)

Outcome: Hemorrhagic stroke
- Binsell-Gerdin
- Population-based
- MI patients
et al.70
cohort study
(n=173,233)
- Int J Cardiol
- Sweden
- 30-day hemorrhagic
- 2014
- Nationwide registries
stroke
- 1998–2008
Outcome: Both ischemic and hemorrhagic stroke
- Hachet et al.71
- Community-based
- MI patients (n=8485)
- Stroke
cohort study
- 1-year stroke or
- French region: data
- 2014
transient ischemic
from the RICO survey
attack (n=168, 1.98%)
- 2001–2010
- Budaj et al.72
- Circulation
- 2005

- Multinational cohort
study
- 94 hospitals in 14
countries
- 1999–2003

- Patients admitted
with ACS (n=35,233,
37% with STEMI, 30%
with NSTEMI, and
33% with unstable
angina)
- In-hospital stroke

- Men (but not women) with unrecognized (aHR=3.22, 95% CI 1.96–5.28) and
recognized (aHR=1.84, 95% CI 1.16–2.91) MI had increased risk of stroke
- MI was ascertained by interview and computer interpretation of ECG; findings may not be generalizable

- 22 articles included
- During hospitalization for the index MI, 11.1 ischemic strokes occurred per
1000 MIs compared to 12.2 at 30 days and 21.4 at 1 year
- <1 year follow-up; no comparators to MI patients

- The sudden onset of neurological symptoms (76.7% vs. 54.9%), impaired
consciousness (35.0% vs. 18.4%), and a progression of neurological deficits
(19.4% vs. 8.7%) were more common in cases, whereas the onset of stroke
during sleep was rarer in cases (6.8% vs. 21.4%)
- <1 year follow-up

- 375 patients (0.22%) had hemorrhagic stroke within 30 days of MI
- Incidence decreased from 0.2% (n = 94) in 1998–2000 to 0.1% (n = 41) in
2007–2008
- No differentiation between intracerebral hemorrhage and subarachnoid
hemorrhage; no comparison cohort
- 123 MI patients (1.4%) had an in-hospital stroke (86% ischemic, 11% hemorrhagic, 3% undetermined)
- During 1-year follow-up, only 45 (0.6% of survivors) had a post-discharge
stroke (96% ischemic, 4% hemorrhagic)
- Short-term (1 year) follow-up; no comparison cohort; follow-up phone call,
letters, or review of medical records (~10% loss to follow-up)
- All-cause stroke incidence higher in patients with STEMI than non–STEMI or
unstable angina (1.3%, 0.9%, 0.5%, respectively); same pattern for nonhemorrhagic and hemorrhagic stroke
- <1 year follow-up; no comparators to MI patients

Outcome: Unspecified stroke
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- Saczynski et
al.73
- Arch Intern
Med
- 2008

- Community-based
cohort study
- US
- 16 Worcester medical
centers
- 1986–2005

- Witt et al.74
- Ann Intern Med
- 2005

- Community-based
cohort study
- Olmsted County,
Minnesota, US
- 1979–1998

- MI patients (n=9220)
- In-hospital ischemic
and hemorrhagic
stroke and following
mortality rates compared to patients who
did not experience a
stroke
- MI patients (n=2160)
- Comparison: General population
- Ischemic/hemorrhagic stroke
and mortality after
stroke

- 132 (1.4%) experienced an acute stroke during hospitalization; mortality
after stroke 3-fold increased in the 1990s (OR=2.91, 95% CI 1.72–5.19) and 5fold in the 2000s (OR=5.36, 95% CI 2.71–10.64)
- <1 year follow-up; no comparators to MI patients; findings may not be generalizable

- 0–30 day SMR = 44 (95% CI 32–59); SMRs between 30 days and 3 years
remained 2-3 fold increased, decreasing to 1.6 during 3–5 years.
- HR (post-MI stroke mortality) = 2.89 (95% CI, 2.44–3.43)
- Unadjusted SMRs; outcomes from medical records

- MI admissions
- Incidence = 0.74% (43 of 5839) in 1981–1983 (prethrombolysis era) vs. 0.75%
(n=5839 in 1981–
(15 of 2012) in 1992–1994 (thrombolysis era)
- No comparators to MI patients; coronary care units only
1983 and n=2012 in
1992–1994)
- Cerebrovascular
events
Abbreviations: ACS, acute coronary syndrome; aHR, adjusted hazard ratio; CI, confidence interval; CKD, chronic kidney disease; ECG, electrocardiogram;
eGFR, estimated glomerular filtration rate; MI, myocardial infarction; aOR, adjusted odds ratio; STEMI, ST-segment elevation myocardial infarction; RICO,
obseRvatoire des Infarctus de Côte-d’Or; SMR, standardized morbidity ratio; US, United States.
- Tanne et al.75
- J Am Coll
Cardiol
- 1997

- Nationwide cohort
study
- Israel
- 1981–1983 and 1992–
1994

Table 4. Summary of literature review (study IV).
Study IV: Long-term Risk of Dementia in Myocardial Infarction Survivors
Author, journal,
Design, setting, data sources,
year
study period
Outcome: All-cause dementia
- Ikram et al.76
- Cohort study and cross- Stroke
sectional study
- Rotterdam, the Netherlands
- 2008
- MI based on ECG/interview
- Dementia based on MMSE,
Cambridge examination, and
neuropsychological testing
- 1990–1993

Population, outcome

Results, limitations

- Recognized MI (n=424), unrecognized MI (n=345), and no
MI (reference, n=5578)
- Incident, all-cause dementia
(cohort study), white matter
lesions, and brain infarctions
(cross-sectional study)

- Bursi et al.77
- Am J Epidemiol
- 2006

- 916 cases of all-cause dementia and 916 age- and sexmatched controls
- Preceding MI (n=36 in both
cases and controls) were identified

- In men (but not women), unrecognized MI was
associated with an increased risk of dementia (aHR
= 2.14; 95% CI 1.37–3.35) and with more white
matter lesions and brain infarction on MRI
- Recognized MI was not associated with dementia
in either sex
- Men (but not women), with recognized MI more
often had brain infarction, but not white matter
lesions
- Small sample size
- Odds ratio for MI among cases with dementia
compared to controls = 1.00 (95% CI 0.62–1.62)
- Small sample size, case-control design

- Case-control study
- Minnesota, United States
- Registry-based diagnoses
- 1985–1994 (dementia patients)

Outcome: Cognitive impairment
Haring et al.78
- Cohort study
- Cognitively intact, postmeno- Women with CVD tended to be at increased risk
- J Am Heart
- United States (Women’s
pausal women (65–79 years,
for cognitive decline compared to those free of CVD
Assoc
Health Initiative Memory
n=6455)
(aHR = 1.29; 95% CI 1.00–1.67); women with MI
- CVD, including MI
- 2013
Study (WHIMS))
were at highest risk (aHR = 2.10; 95% CI 1.40–3.15)
- Mild cognitive impairment or
- Small sample size, questionnaire for CVD assess- Questionnaire for CVD,
probable dementia (median
ment; generalizability hampered by the specific
MMSE for dementia
- 1996–1999
follow-up 8.4 years)
study population
Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; CVD, cardiovascular disease; ECG, electrocardiogram; MI, myocardial infarction; MMSE, Mini-mental State Examination; MRI, magnetic resonance imaging
Medline search algorithms for the four studies (relevant papers/total hits + other relevant = total number of relevant papers):
Study I: ("positive predictive value"[All Fields] AND "Cardiovascular Diseases"[Majr]) AND ("Danish National Patient Registry"[All Fields] OR "Danish
National Registry of Patients"[All Fields] OR "Danish National Hospital Register"[All Fields] OR "Danish National Health Registry"[All Fields] OR "Danish
National Patient Register"[All Fields] OR "Danish Hospital Discharge Registry"[All Fields] OR "Danish National Hospital Registry"[All Fields] OR "Danish
Hospital Registers"[All Fields]): 3/4 + 13 = 16.
Study II: ("myocardial infarction"[MeSH Terms] AND ("depressive disorder"[MeSH Terms] OR "depression"[MeSH Terms])) AND "mortality"[MeSH
Terms]. Search was restricted to papers with study periods overlapping with or contained in the study period of study II (1995–2014): 18/67 + 3 = 21.
Study III: ("Myocardial Infarction"[Majr]) AND "Stroke"[Majr]:10/1875 + 2 = 12.
Study IV: ("Myocardial Infarction"[Mesh]) AND "Dementia"[Mesh]: 2/141 + 1 = 3.
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THE DEMOGRAPHIC SHIFT OF AGE
Most Western societies experience a demographic shift towards
an elderly population. The fraction of individuals older than 60
years of age worldwide is predicted to increase from 12% in 2013
to 21% by 2050.79 The prevalence of age-related diseases, such as
MI, stroke, and dementia, will subsequently increase and challenge the societal economy and public health.9,80 In addition, the
prevalence of depression is predicted to increase and therefore
will become increasingly pertinent to consider as a prognostic
factor in MI survivors.9,80 Preventive measures may provide part
of the solution to the challenges ahead. However, both risk factors and prognostic factors need to be identified to target such
preventive strategies. The subsequent sections provide an introduction to the epidemiology of depression, stroke, and dementia
and their relation with MI.
MYOCARDIAL INFARCTION AND DEPRESSION
Depression is a very common disease with a lifetime prevalence
of approximately 12% in men and 20% in women.81 Depression
produces the greatest decrease in health compared with chronic
diseases, such as angina, arthritis, asthma, and diabetes. Furthermore, the deterioration in health becomes substantially more
pronounced when depression coexists with these diseases.82 By
2030, depression and ischemic heart disease are projected to be
the two leading causes of disability in high-income countries, and
the second and third leading causes of disability globally.80 Thus,
the impact of the two diseases on public health is enormous and
growing.
Important risk factors for depression include other psychiatric disorders, serious or chronic illness, psychological stress,
low socioeconomic status, female gender, and a family history of
depression.83
The association between depression and MI has been
studied previously. Depression has been established both as a risk
factor for MI84 and a prognostic factor for mortality following
MI.84 However, almost every previous study examining the impact
of depression on mortality after MI has focused on depression
arising after the occurrence of MI (Table 2). This approach gives
rise to concern because an MI may induce depressive symptoms.
Essential diagnostic criteria for depression (fatigue, disturbed
sleep, and poor appetite) are common in the course of an MI and
plausibly correlate with severity of the MI. Therefore, post-MI
depressive symptoms may merely be a marker of MI severity and
in turn predict increased mortality. In the few post-MI depression
studies that adjusted for MI severity (Killip class or left ventricular
ejection fraction), the association with mortality was attenuated
by 25% after adjustment,49 further emphasizing the influence of
MI severity in such studies.
Despite the difficulty of studying the association between
depression and MI mortality, it seems plausible that depression
can affect the outcome of MI. Numerous potential mechanisms
have been suggested to link depression and MI prognosis. A biological pathway suggests that altered autonomic nervous system
activity in depressed patients may worsen the prognosis through
an elevated heart rate and low heart rate variability84 – factors
that have been associated with increased post-MI mortality.85
Other potential biological mechanisms include increased cortisol
levels in depressed patients,86 which may lead to increased plasma volume and hypertension, hyperglycemia, insulin resistance,
and dyslipidemia.87 A behavioral pathway includes a sedentary
life style and poor adherence to recommended medication and

life style changes (e.g., diet, exercise, and smoking cessation).88
Finally, exogenous factors, such as treatment with antidepressants, may drive an association with mortality. This is controversial, however, and seems unlikely as treatment with SSRIs has
been shown to reduce cortisol and insulin resistance,89 and randomized clinical trials of SSRIs have shown no90,91 or even slightly
positive92 effects on MI mortality.
MYOCARDIAL INFARCTION AND STROKE
Stroke is a feared complication after MI that is costly for society
and often very disabling for the patient. The cumulative incidence
of ischemic stroke after MI ranges from 0.75% to 2% after 30
days65,72,73,75 and from 2% to 4% after 1 year.64,68
MI and stroke share several risk factors. The most important risk factor for stroke is hypertension, which is strongly
correlated with both ischemic and hemorrhagic stroke and highly
prevalent in the general population.93 Other shared risk factors
include diabetes, arrhythmias (including atrial fibrillation), high
cholesterol levels, smoking, physical inactivity, chronic kidney
disease, family history of stroke, and poor diet.93
Previous studies of the association between MI and stroke
have been limited by a sole focus on ischemic stroke64-69 or hemorrhagic stroke,70 small sample sizes (<2500),66,67,69,74 and lack of
a comparison cohort without MI, reporting only the incidence of
stroke after MI.64,65,69-73,75 Only one study compared the risk of
stroke with a general population reference.74 Apart from three
studies,66,67,74 all previous studies followed patients only up to 1
year after MI, and no study has followed patients beyond 12
years after MI.
The risk of stroke seems exceedingly high in the first 30
days after MI, after which the stroke risk is only moderately increased.74 Mechanisms underlying the association between MI
and increased risk of ischemic stroke may be different for early
and late stroke after MI. Early ischemic stroke may be attributed
largely to cardiac emboli originating from the left atrial appendage after complicating atrial fibrillation or from the left ventricle if
a mural thrombus forms in hypokinetic segments. Cardio-embolic
stroke accounts for 60% of post-MI ischemic strokes,71 compared
to only about 20% of ischemic strokes in general.94 Other common complications after MI include congestive heart failure and
arrhythmias, which may cause chronic and acute reductions in
cardiac output, respectively. This can lead to watershed infarctions in the vulnerable border-zone regions of the brain supplied
by the major cerebral arteries.95 These areas have a precarious
blood supply, which may become compromised if cerebral perfusion drops, especially if the supplying arteries are stenosed.95
Post-MI ischemic stroke during long-term follow-up may be attributed more to mutual underlying risk factors (e.g., diabetes,
hypertension, smoking, and atherosclerosis); thus, the two diseases may evolve in parallel, but with a longer latency period for
ischemic stroke.
Hemorrhagic stroke may be increased after MI due to
antithrombotic medication. Hence, dual antiplatelet therapy
(DAPT, i.e. aspirin plus an P2Y12-inhibitor) is usually continued for
1 year following MI to prevent recurrent MI and ischemic
stroke,96,97 but it may come at the expense of an increased risk of
hemorrhagic stroke. Moreover, MI is often complicated by atrial
fibrillation, which often implies “triple therapy“ (DAPT plus anticoagulation). Triple therapy is associated with a 3- to 4-fold increased risk of bleeding after MI compared with aspirin alone.98
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MYOCARDIAL INFARCTION AND DEMENTIA
Predictions of the future global burden of dementia have raised
international concern.99 However, the prevalence has increased
less during the past two decades than population ageing alone
would have predicted,100 which may have been driven by a reduced risk of vascular dementia due to a concomitant reduction
in vascular risk factors.10 The most prevalent subtypes of dementia is Alzheimer’s disease (~50%) and vascular dementia
(~20%).101,102 Subgroups of older women tend to have particular
high risk of Alzheimer's disease while younger men tend to have a
higher risk of vascular dementia.103 The current prevalence of allcause dementia is ~2% at 70 years of age for both sexes, increasing to ~15% for men and ~30% for women at 90 years of age.100
The risk of dementia increases exponentially with age; the risk
doubles every 5 years for vascular dementia and every 4.5 years
for Alzheimer’s disease.103
Risk factors for dementia largely overlap with those of MI
and include age, low socioeconomic status, smoking, hypertension, high cholesterol levels, diabetes, obesity, excessive alcohol
consumption, and elevated homocysteine levels.104,105 In contrast
to MI, female sex is a risk factor for dementia. A history of head
trauma and family history of dementia may also increase the risk
of dementia.104 Furthermore, certain genotypes have been associated with an increased risk of Alzheimer’s disease, especially the
apolipoprotein E (APOE) genotype (>50% risk for APOE4 homozygotes).106
The pathophysiology of Alzheimer’s disease is characterized by the accumulation of β-amyloid and tau in plaques and
tangles.106 Vascular dementia is very different from Alzheimer’s
disease in terms of pathophysiology; by definition, vascular dementia is caused by a cerebrovascular pathology, including strategically located infarctions and hemorrhages.107
Existing knowledge on the association between MI and
dementia is scarce. Only two smaller studies (n<500) have examined the risk of dementia after MI with equivocal findings.76,77 A
case-control study77 demonstrated no association (odds ratio =
1.00, 95% confidence interval [CI] 0.62–1.62), whereas a cohort
study76 demonstrated an increased risk for patients with unrecognized MI (adjusted hazard ratio (HR) = 2.14, 95% CI 1.37–3.35),
but not for patients with recognized MI, compared to patients
without MI.
Mechanisms that may associate MI with dementia include
clinical pathways involving post-MI stroke. Thus, it is well established that the risk of dementia is increased after stroke.108 In
particular, vascular dementia could result from multi-infarction
stroke after MI as a consequence of complications, such as atrial
fibrillation and hypokinesia of the left ventricle, which can lead to
intracardiac thrombi with a potential for embolization. Severe
heart failure after MI may also drive the increased risk of vascular
dementia via chronic hypoperfusion of the brain, which can lead
to watershed infarctions.95 Hemorrhagic stroke may be facilitated
by potent antithrombotic regimens as part of secondary prophylaxis for MI, prompting the development of vascular dementia.
Finally, an association between MI and dementia may exist due to
shared risk factors (e.g., atherosclerosis) evolving over decades
before presenting as an MI, followed by later onset of dementia.
AIMS
The overall aim of this dissertation was to gain insight into the
relations between MI and cerebral diseases including depression,
stroke, and dementia. In study I we aimed to examine the positive
predictive value (PPV) of diagnostic codes for all major cardiovas-

cular diseases in the DNPR, as these were the foundation of the
following studies. In study II we examined the impact of a history
of depression on mortality following MI. In studies III–IV we examined the long-term risks of stroke and dementia following MI
compared with the general population.
METHODS
SETTING
All studies were conducted in Denmark using Danish medical
registries. Study I was performed in the Central Denmark Region,
whereas studies II–IV were nationwide. The Danish health care
system provides free and unfettered access to general practitioners and hospitals, ensuring a high level of equality in health care
regardless of income, education, and geographic region or residence.109 Each of the Danish registries has the possibility of unambiguous, individual-level data linkage with other registries
owing to the unique 10-digit Danish Civil Personal Register number assigned to each Danish citizen at birth and to residents upon
immigration.110
DATA SOURCES
Medical records (study I)
Study I used data from the medical records of sampled patients
with cardiovascular diagnoses treated at Aarhus University Hospital, Herning Regional Hospital, or Randers Regional Hospital between 1 January 2010 and 31 December 2012.
The Civil Registration System (studies I–IV)
The Danish Civil Registration System has kept records of sex, date
of birth, change of address, date of emigration, and change in
vital statistics, including exact date of death, since 1968.110
The Danish National Patient Registry (studies I–IV)
The DNPR collects data on diagnoses and procedures for patients
discharged from all Danish non-psychiatric hospitals since 1977.
Each hospital discharge is assigned one primary diagnosis and up
to 19 secondary diagnoses classified according to the International Classification of Diseases (Eighth Revision [ICD-8] until the end
of 1993 and Tenth Revision [ICD-10] thereafter).111
The National Registry of Causes of Death (study II)
The National Registry of Causes of Death was established in 1943
and contains data on causes of death in Denmark.112
The Danish Integrated Database for Labour Market Research
(studies II and IV)
The Danish Integrated Database for Labour Market Research (IDA)
was established in 1990.113 The registry holds information on
socioeconomic data, including data on income, employment
status, education level, and marital status, for the entire population since 1980.
The Danish Psychiatric Central Research Register (studies II and IV)
The Danish Psychiatric Central Research Register (DPCR) stores
information on all psychiatric admissions since 1969 and outpatient treatment at psychiatric departments since 1995.114 Diagnoses are classified according to ICD-8 until 1993 and ICD-10 thereafter.
The Danish Registry of Medicinal Product Statistics (study II)
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The Danish Registry of Medicinal Product Statistics contains information on all prescriptions redeemed for drugs dispensed from
community pharmacies in Denmark since 1 January 1995.115 The
information includes type of drug according to the Anatomic
Therapeutic Chemical (ATC) classification system and date dispensed.

Figure 1. Population of first-time myocardial infarction (MI) survivors and the general population comparison cohort for study IV.
*6,625 of the 6,648 patients were censored because they had MI
during the first year of follow-up, whereas the remainder became
inactive in the Civil Registration System.

individuals from the general population served as comparators
for the MI patients (Tables 5 and 6).116
STUDY POPULATIONS
The study population in all three cohort studies (studies II–IV) was
patients with first-time MI, however, the study periods and follow-up intervals differed. We restricted the studies to first-time
MI because patients with recurrent MI may differ substantially
from patients with first-time MI. Moreover, recurrent MI is prone
to coding errors (false positives, e.g., during a follow-up visit in
the outpatient clinic after first-time MI), although the PPV for
recurrent MI (88%) is high compared with other recurrent events
in the DNPR.117
In addition to excluding MI patients with the outcome of
interest, in studies III and IV we also excluded MI patients with
previous diseases relating to the outcome (i.e., transient ischemic
attack for study III, and mild cognitive impairment or amnestic
syndromes for study IV). In study IV, we disregarded a priori the
first year of follow-up after MI because dementia is unlikely to be
an immediate consequence of MI and detection bias shortly after
MI was a major concern (i.e., the possibility that demented, but
undiagnosed, MI patients would be diagnosed due to surveillance
and diagnostic work-up as part of post-MI management). The
final study population for study IV is described in Figure 1.
EXPOSURES
Depression (study II)
The primary exposure in study II was defined as a first-time depression diagnosis prior to admission for MI. We included depression diagnoses recorded in both the DNPR111 and DPCR.114 To
examine any trend in the severity of depression, we classified
depression as mild, moderate, or severe disease using ICD-10
codes.118
As the majority of patients with depression are managed
solely by their general practitioner and not included in hospital
registries, we sought to increase the sensitivity of the depression
exposure by including redeemed prescriptions for antidepressants in the definition. Based on this approach, we grouped patients into six categories by depression diagnoses and current/former antidepressant use (Table 8). We defined ‘current
users’ as patients who redeemed a prescription for antidepressants within 90 days of MI and ‘former users’ as patients who
redeemed their last prescription more than 90 days before the
MI.
Myocardial infarction (studies III–IV)
In studies III–IV, the exposure and study population were identical
and comprised first-time MI, which was compared with a general
population cohort matched on age, sex, and calendar year. An
external reference from the general population is necessary to
provide comparators to the MI patients, who also comprise the
study population. A general population comparison cohort enables the examination of MI as risk factor for the outcome, going
beyond a mere description of the incidence after MI. Matching
with a comparison cohort further provides an index date that can
serve as a benchmark for the identification of covariables for
multivariable adjustment.

STUDY DESIGNS
Within the Danish healthcare system, we conducted one validation study (I) and three population-based cohort studies (II–IV).116
In studies III-IV we employed a matched cohort design in which

OUTCOMES
In study II, all-cause mortality was retrieved from the Danish Civil
Registration System.110 As a secondary outcome, we examined
immediate causes of deaths using data from the Danish Register
of Causes of Death.112 Specifically, we estimated nonDANISH MEDICAL JOURNAL
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cardiovascular and cardiovascular mortality, defining the latter as
deaths caused by arrhythmia, venous thromboembolism, stroke,
MI, or heart failure.
In study III, outcomes included first-time ischemic stroke,
intracerebral hemorrhage (ICH), and subarachnoid hemorrhage
(SAH). From the DNPR,111 we retrieved information on all inpatient hospitalizations for these stroke subtypes after MI admission. We used both primary and secondary stroke diagnoses to
identify incident strokes.
In study IV, the primary outcome was dementia from any
cause. In addition, we studied diagnoses of Alzheimer’s disease,
vascular dementia, and other dementias (defined as any specified
or unspecified dementia other than Alzheimer’s disease and
vascular dementia) as secondary outcomes. Data on inpatient or
outpatient dementia diagnoses were retrieved from the DNPR111
and DPCR,114 and we included both primary and secondary dementia diagnoses.
COVARIABLES
A range of covariables was used in studies III–IV to enable characterization of the study populations, confounder adjustment, and
stratification to identify potential effect modification. We obtained data on pre-MI comorbidity and the Charlson Comorbidity
Index33,119 from inpatient and outpatient diagnoses,111,114 as well
as data on age, sex, vital status,110 procedures,120 comedication
use,115 and socioeconomic data.113
STATISTICAL ANALYSIS
The statistical analyses are summarized in Table 5 and will be
described below. Statistical analyses were performed using STATA
version 13.1 (studies I–III) and SAS version 9.4 (study IV).
For study I, we computed the PPV with 95% CIs according
to the Wilson score method121 for every cardiovascular disease
included in the study. The PPV was computed as the proportion
of diagnoses from the DNPR sample that could be confirmed as
correct using the discharge summary or medical record as reference standard.
For studies II–IV, we tabulated patient characteristics for
MI patients with and without depression (study II), and for MI and
comparison cohort members (studies III–IV) to create contingency
tables.122 The matched cohort design in studies III–IV is summarized in Table 6.
The absolute risks of the outcomes were evaluated using
the Kaplan Meier method (study II) and cumulative incidence
functions taking death as a competing risk into account (studies
III-IV). The rationale for accounting for death as a competing risk
is that death will prevent the outcome of interest from occurring.
If death had not been considered as a competing risk, we would
have overestimated the cumulative risk of outcomes in studies
III–IV.123 Death will act as a competing risk in any study in which
the outcome is not all-cause mortality and is especially important
to account for in studies with long-term follow-up (studies III–
IV).123
Relative estimates were computed in time-to-event analyses124 following all patients until the relevant outcome, death,
emigration, or end of follow-up, whichever came first. We performed Cox proportional hazards regression modeling with time
since MI admission as the underlying time scale to calculate HRs
as a measure of the mortality rate ratio (MRR, study II) and incidence rate ratio (IRR, studies III–IV). The HR can be interpreted as
a relative risk under the assumption that the HR is constant
throughout the follow-up period (i.e., hazards are proportional).

We assessed the proportionality of hazards graphically using log
minus log plots and found no violation of the assumption within
the analyzed follow-up periods. We computed crude and adjusted
HRs and 95% CIs for the studied outcomes.
We sought to circumvent possible confounding in studies
II-IV by restriction, matching, adjustment, and stratification (Table
5). We based confounder selection on clinical knowledge and the
published literature. Covariables were included if they were likely
to be associated with both the exposure and outcome. We generally stratified results by age, sex, and clinically relevant diseases
or drugs that could potentially modify the studied association
(Table 5).125
We performed an array of sensitivity analyses to test the
robustness of our results by employing different definitions of
exposures and outcomes, as well as different statistical approaches (Table 5).
RESULTS
POSITIVE PREDICTIVE VALUE OF CARDIOVASCULAR DIAGNOSES IN
THE DNPR (STUDY I)
We reviewed a total of 2153 medical records (97% of the entire
sample) of patients with a cardiovascular diagnosis in the DNPR
during 2010–2012. We reviewed a total of 11 disease entities
corresponding to 36 individual diagnoses (Figure 2). For this dissertation, an essential diagnosis is that of first-time MI (study
population in studies II–IV), including first-time STEMI and
NSTEMI (additional analyses in studies II and IV). These diagnostic
codes had very high PPVs (97% for first-time MI, 96% for firsttime STEMI, and 92% for first-time NSTEMI). For all cardiovascular
diagnostic codes examined, the PPV ranged from 64% to 100%,
with a mean PPV of 88% (Figure 2). The PPVs were consistent
within age, sex, calendar year, and hospital categories as well as
for type of diagnosis (primary or secondary) and type of hospital
contact (inpatient or outpatient) (Tables 2–4 in Appendix I).
IMPACT OF DEPRESSION ON MORTALITY FOLLOWING MYOCARDIAL INFARCTION (STUDY II)
We identified a total of 170,771 patients with first-time MI (1995–
2014, 3.5% with a previous depression diagnosis). Throughout the
follow-up period, patients with MI and a prior diagnosis of depression had a higher mortality risk than those without a previous
depression diagnosis (33% vs. 26% at 1 year and 87% vs. 78% at
19 years). The overall adjusted MRR was 1.11 (95% CI 1.07–1.15)
when depression was based only on diagnoses in the DNPR and
DPCR (Table 7), increasing to 1.22 (95% CI 1.17–1.27) when the
definition included current use of antidepressants (Table 8). The
severity of depression did not impact the results (Table 7). However, restricting to recent depression diagnosis strengthened the
association equally for depression within 90 days, 1, 2, and 3
years of the MI (Table DS4 in Appendix II). The results remained
largely unchanged when restricting to patients with either STEMI
or NSTEMI (Table 4 in Appendix II). Further supporting the robustness of our results, we found similarly increased risks of
mortality in strata of age group, gender, comorbidity, medication
use, income, employment, and education (Figures DS1–5 in Appendix II).
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Table 5. Summary of methods.
Study I

Objectives

To examine the PPV of cardiovascular diagnoses in the DNPR

Design

Population-based validation
study
DNPR, CRS, medical records

Data sources

Study II

To examine the association
between depression and allcause mortality following firsttime MI
Population-based cohort study

Exposures
Outcomes

Central Denmark Region; 1
January 2010 to 31 December
2012
–
PPV

DNPR, DPCR, CRS, IDA, Danish
Registry of Medicinal Product
Statistics, Danish Register of
Causes of Death
Nationwide; 1 July 1995 to 1
February 2014 (end of followup: 1 September 2014)
Pre-admission depression
All-cause mortality

Matching

–

–

Covariables

–

Age groups, sex, hypertension,
atrial fibrillation/atrial flutter,
stroke, cancer, obesity, diabetes, chronic kidney disease,
peptic ulcer, chronic pulmonary disease, illicit
drug/alcohol/smoking abuse,
dementia, income, employment, and calendar year interval

Statistics

Wilson score method

Confounder
control
Stratification

–

Cox proportional hazards
regression
Restriction, stratification,
multivariable adjustment
Sex, age groups, MI type
(STEMI or NSTEMI), comorbidity, medication use, socioeconomic factors, calendar year
intervals

Study region
and period

Sex, age group, calendar year
(2010, 2011, and 2012), hospital type (regional or university
hospital), type of diagnosis
(primary or secondary), and
type of hospital contact (inpatient or outpatient)

Study III

Study IV

To examine the long-term risk
of stroke after first-time MI
compared to risks in the general population
Matched population-based
cohort study
DNPR, CRS

To examine the long-term risk
of dementia after first-time MI
compared to risks in the general population
Matched population-based
cohort study
DNPR, DPCR, IDA, CRS

Nationwide; 1 January 1980 to
31 December 2009 (end of
follow-up: 31 December 2012)
MI
Ischemic stroke, ICH, SAH

Nationwide; 1 January 1980 to
1 September 2012 (end of
follow-up: 31 December 2014)
MI
All-cause dementia and dementia subgroups (Alzheimer’s
disease, vascular dementia,
and other dementias)
Year of birth, sex, calendar
year
Heart failure, stable angina
pectoris, atrial fibrillation/atrial
flutter, valvular heart disease,
hypercholesterolemia, hypertension, stroke, intermittent
claudication, obesity, diabetes,
chronic pulmonary disease,
myxedema, alcoholism-related
disease, head trauma, osteoarthritis, anemia, chronic kidney
disease, depression, a modified
CCI score, income, and employment
Cox proportional hazards
regression
Matching, stratification, multivariable adjustment
Sex, age groups, comorbidity,
CCI scores, socioeconomic
status (income, employment,
and education), calendar year
intervals, primary or secondary
MI diagnosis, complications
and procedures during admission, complications during 1st
year of follow-up (stroke and
heart failure)
Exclusion of the initial 2, 3, 5,
and 10 years of follow-up;
redefinition of Alzheimer’s
disease to also include the ICD
code for unspecified dementia;
additional adjustment for
education

Year of birth, sex, calendar
year
Congestive heart failure, angina pectoris, atrial fibrillation or
flutter, heart valve disease,
intermittent arterial claudication, venous thromboembolism, hypertension, obesity,
diabetes, chronic kidney disease, and chronic pulmonary
disease

Cox proportional hazards
regression
Matching, stratification, multivariable adjustment
Sex, age groups, comorbidity,
calendar year intervals

First depression diagnosis
Specified ischemic stroke vs.
(DNPR or DPCR); restriction to
unspecified stroke; redefinition
depression diagnoses made 90
of hypertension and diabetes
days and 1, 2, and 3 years
to also include relevant medibefore the index date; addication (available 2005–2009)
tional adjustment for education, anxiolytics/hypnotics,
antipsychotics, and cardiovascular diseases and drugs;
omitting diabetes, stroke, and
hypertension from the model
Abbreviations: CCI, Charlson Comorbidity Index; CRS, Civil Registration System; DNPR, Danish National Patient Registry; DPCR, Danish Psychiatric Central
Research Register; ICH, intracerebral hemorrhage; IDA, Integrated Database for Labour Market Research; MI, myocardial infarction; PPV, positive predictive value; SAH, subarachnoid hemorrhage
Sensitivity
analyses

For venous thromboembolism,
PPVs were recalculated according to ultrasound and/or CT
scans during admission
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Table 6. Design considerations of matched cohort studies and application in studies III–IV.
Definition

Matching criteria
Matching strategy

With replacement: individuals
from the general
population comparison cohort
can be matched
with more than
one MI patient.
Without replacement: Comparison cohort members can be
matched with
only one MI patient.

Index date
Exclusion criteria for MI/CC

Approach when a member of
the comparison cohort experiences an MI

“As treated”:
Transferred to
the MI cohort and
matched with
new comparison
cohort members
from the general
population, and
discontinuation
(censoring) of
follow-up in the
comparison cohort.
“Intention-totreat”: Continue
follow-up in the
comparison cohort.

Study III (MI-stroke)

Study IV (MI-dementia)

Year of birth, sex, calendar
year
With replacement

Year of birth, sex, calendar
year
With replacement

Admission date
for MI
Previous stroke or transient
ischemic attack

Admission date
for MI
Previous dementia, mild cognitive impairment or amnestic
syndromes
As treated

As treated

Censoring at first outcome?
Censoring at first outcome
Abbreviations: CC, comparison cohort; MI, myocardial infarction.

Censoring at first outcome
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Figure 2. Positive predictive values of cardiovascular diagnoses in the Danish National Patient Registry. Abbreviations:
Ratio, confirmed diagnoses/available records; PPV, positive predictive value; STEMI, ST-segment elevation myocardial
infarction; NSTEMI, non-STEMI.
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Table 7. Mortality estimates in myocardial infarction patients with and without a prior depression diagnosis, overall and by
depression severity.
Mortality rate per 1000 PY Crude mortality rate ratio
Adjusted mortality rate
(95% CI)
(95% CI)
ratio (95% CI)a
No depression
104.2 (103.6–104.9)
1.0 (reference)
1.0 (reference)
Depression overall (n=6015)
168.1 (162.9–173.5)
1.43 (1.38–1.47)
1.11 (1.07–1.15)
Mild depression (n=798)
209.2 (192.2–227.6)
1.63 (1.50–1.77)
1.11 (1.02–1.21)
Moderate depression (n=1778)
170.3 (160.4–180.9)
1.37 (1.29–1.46)
1.14 (1.07–1.21)
Severe depression (n=768)
179.2 (163.9–196.0)
1.45 (1.32–1.58)
1.15 (1.05–1.26)
aAdjusted

for age groups, sex, hypertension, atrial fibrillation/atrial flutter, stroke, cancer, obesity, diabetes, chronic kidney disease, peptic ulcer, chronic
pulmonary disease, illicit drug/alcohol/smoking abuse, dementia, income, employment, and calendar year interval.
Abbreviations: CI, confidence interval; PY, person-years.

Table 8. 19-year mortality rate ratios in myocardial infarction patients with and without previous depression (defined by
depression diagnoses and use of antidepressants before the index date).

No prior depression diagnosis
No use (n=138,405)
Former use (n=13,184)
Current use (n=13,167)
SSRI (n=8782)
TCA (n=2348)
Prior depression diagnosis
No use (n=1348)
Former use (n=1522)
Current use (n=3145)
SSRI (n=1771)
TCA (n=592)

Crude mortality rate ratio
(95% CI)

Adjusted mortality rate ratio
(95% CI)a

1.0 (reference)
1.14 (1.11–1.17)
1.79 (1.76–1.83)
1.91 (1.86–1.96)
1.59 (1.52–1.67)

1.0 (reference)
1.06 (1.04–1.09)
1.29 (1.26–1.32)
1.30 (1.27–1.33)
1.27 (1.21–1.33)

1.28 (1.19–1.36)
1.17 (1.10–1.26)
1.83 (1.76–1.91)
1.93 (1.82–2.04)
1.78 (1.62–1.95)

1.01 (0.95–1.08)
1.10 (1.02–1.18)
1.22 (1.17–1.27)
1.17 (1.11–1.24)
1.34 (1.22–1.47)

Adjusted for age groups, sex, hypertension, atrial fibrillation/atrial flutter, stroke, cancer, obesity, diabetes, chronic kidney disease, peptic ulcer, chronic pulmonary disease, illicit drug/alcohol/smoking abuse, dementia, income, employment, and calendar year interval.
Abbreviations: CI, confidence interval; SSRI, selective serotonin inhibitors; TCA, tricyclic antidepressants.
a

MYOCARDIAL INFARCTION AND RISK OF STROKE (STUDY III)
We identified 258,806 patients with first-time MI and 1,244,773
matched comparators (1980–2009). Cumulative risks for ischemic
stroke, ICH, and SAH were higher in the MI cohort throughout the
first year of follow-up (Table 9). The cumulative risk during 1–30
years of follow–up was consistently higher in the MI cohort for
ischemic stroke; however, for ICH and SAH, the curves crossed
during 5–10 years of follow-up (Figure 1 in Appendix III) due to
death as a competing risk, which was taken into account in the
analyses.
For ischemic stroke, the adjusted stroke rate ratio (SRR)
was 31.9 (95% CI 28.4–35.8) during 1–30 days of follow-up when
comparing the MI cohort to the matched general population
cohort. The adjusted SRR remained elevated during the ensuing
31–365 days (3.1, 95% CI 3.0–3.3) and 1–30 years (1.6, 95% CI
1.6–1.6). For ICH and SAH, the adjusted SRR was increased only
during 1–30 days (ICH: 21.8, 95% CI 16.6–28.5; SAH: 16.6, 95% CI
8.7–32.0) and 31–365 days of follow-up (ICH: 2.1, 95% CI 1.9–2.5;
SAH: 1.5, 95% CI 1.1–2.1), after which it approximated unity (ICH:
1.1, 95% CI 1.0–1.2; SAH: 1.1, 95% CI 0.94–1.2). Temporal trends
revealed a decline in SRR during the first half of the study period,
especially for ischemic stroke (Figure 2 in Appendix III).

MYOCARDIAL INFARCTION AND RISK OF DEMENTIA (STUDY IV)
We identified 314,911 patients with a first-time MI and 1,573,193
matched comparators (1980–2012). One-year survivors constituted 209,754 MI patients and 1,003,763 comparators (Figure 1). Of
11,334 patients diagnosed with dementia, 32% had Alzheimer’s
disease, 18% had vascular dementia, and 50% had other dementias. The cumulative incidence of all-cause dementia was 8.7% in
the MI cohort at the end of follow-up, which was lower than in
the comparison cohort due to competing mortality in the MI
cohort (Table 10). No association was found for all-cause dementia or other dementias compared with the general population
cohort. For the dominant subtypes, MI was associated with a
marginally decreased risk of Alzheimer’s disease (adjusted HR =
0.92, 95% CI 0.88–0.95), whereas the risk of vascular dementia
was increased (adjusted HR = 1.35, 95% CI 1.28–1.43). We observed an additionally increased risk of vascular dementia in
patients experiencing stroke during follow-up (adjusted HR =
4.48, 95% CI 3.29–6.12, Table 3 in Appendix IV). Overall, the results were robust in stratified and sensitivity analyses (Supplementary Tables 3–7 in Appendix IV).
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Table 9. Risk of stroke following myocardial infarction

Ischemic stroke
1–30 days
Comparison cohort
MI cohort
31–365 days
Comparison cohort
MI cohort
1–30 years
Comparison cohort
MI cohort
ICH
1–30 days
Comparison cohort
MI cohort
31–365 days
Comparison cohort
MI cohort
1–30 years
Comparison cohort
MI cohort
SAH
1–30 days
Comparison cohort
MI cohort
31–365 days
Comparison cohort
MI cohort
1–30 years
Comparison cohort
MI cohort

Stroke rate ratio (95% CI)

Stroke risk a
% (95% CI)

Stroke rateb
(95% CI)

Unadjusted

Adjustedc

0.04 (0.03–0.04)
1.0 (0.92–1.0)

4.6 (4.2–5.1)
146.0 (140.4–151.9)

1 (reference)
32.0 (28.6–35.7)

1 (reference)
31.9 (28.4–35.8)

0.43 (0.41–0.44)
1.3 (1.2–1.3)

4.7 (4.6–4.9)
15.1 (14.5–15.7)

1 (reference)
3.3 (3.1–3.5)

1 (reference)
3.1 (3.0–3.3)

11.9 (11.8–12.0)
12.6 (12.4–12.8)

7.9 (7.8–8.0)
10.8 (10.6–11.0)

1 (reference)
1.7 (1.6–1.7)

1 (reference)
1.6 (1.6–1.6)

0.01 (0.01–0.01)
0.12 (0.11–0.14)

0.93 (0.76–1.1)
18.8 (16.8–21.0)

1 (reference)
21.6 (16.7–28.0)

1 (reference)
21.8 (16.6–28.5)

0.08 (0.08–0.09)
0.16 (0.13–0.17)

0.89 (0.84–0.95)
1.8 (1.6–2.0)

1 (reference)
2.2 (2.0–2.6)

1 (reference)
2.1 (1.9–2.5)

1.6 (1.6–1.7)
1.2 (1.2–1.3)

1.1 (1.1–1.1)
1.1 (1.0–1.1)

1 (reference)
1.1 (1.1–1.2)

1 (reference)
1.1 (1.0–1.2)

0.00 (0.00–0.00)
0.02 (0.01–0.02)

0.19 (0.12–0.29)
2.8 (2.1–3.8)

1 (reference)
14.5 (8.2–25.5)

1 (reference)
16.6 (8.7–32.0)

0.02 (0.01–0.02)
0.03 (0.02–0.03)

0.19 (0.17–0.22)
0.30 (0.23–0.40)

1 (reference)
1.5 (1.1–2.1)

1 (reference)
1.5 (1.1–2.1)

0.29 (0.28–0.30)
0.24 (0.21–0.27)

0.20 (0.19–0.21)
0.22 (0.20–0.25)

1 (reference)
1.1 (0.97–1.3)

1 (reference)
1.1 (0.94–1.2)

aTreating

death as a competing risk.
per 1000 person-years.
cAdjusted for congestive heart failure, angina pectoris, atrial fibrillation or flutter, heart valve disease, intermittent arterial claudication, venous thromboembolism, hypertension, obesity, diabetes, chronic kidney disease, and chronic pulmonary disease.
Abbreviations: CI, confidence interval; MI, myocardial infarction; ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage.
bRates

Table 10. Cumulative incidence and hazard ratios for dementia.
Comparison cohort
Years since
diagnosis

All-cause
dementia
Alzheimer’s
disease
Vascular
dementia
Other dementias

Events/No. at
risk
74,056/1,003,763

Myocardial infarction patients

Cumulative inci- Events/No. at risk
dence risk, % (95%
CI)

Cumulative incidence risk, %
(95% CI)

HR controlled for
matching factorsa
(95% CI)

Adjusted HR
(95% CI)b

11,334/209,754

8.68 (8.46–8.91)

1.04 (1.02–1.07)

1.01 (0.98–1.03)

25,938/1,003,763

13.77 (13.63–
13.92)
4.87 (4.77–4.96)

3615/209,754

2.75 (2.63–2.88)

0.93 (0.89–0.97)

0.92 (0.88–0.95)

9902/1,003,763

1.87 (1.80–1.93)

2092/209,754

1.57 (1.49–1.66)

1.43 (1.36–1.51)

1.35 (1.28–1.43)

38,216/1,003,763

7.30 (7.18–7.41)

5627/209,754

4.47 (4.28–4.65)

1.02 (0.99–1.05)

0.98 (0.95–1.01)

aAge,

sex, and calendar year
for matching factors by study design and adjusted for heart failure, stable angina pectoris, atrial fibrillation/atrial flutter, valvular heart
disease, hypercholesterolemia, myocarditis, cardiomyopathy, hypertension, stroke, intermittent claudication, obesity, diabetes, chronic pulmonary
disease, myxedema, alcoholism-related disease, head trauma, osteoarthritis, anemia, chronic kidney disease, depression, modified Charlson Comorbidity
Index score, income, and employment.
Abbreviations: CI, confidence interval; HR, hazard ratio
bControlled
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DISCUSSION
MAIN CONCLUSIONS
In general, we found high PPVs for cardiovascular diseases in the
DNPR, particularly MI diagnoses. Preceding depression was a
moderate adverse prognostic factor for all-cause mortality after
MI. The association was independent of depression severity but
strengthened by recent depression and current use of antidepressants. During the first year after MI, the risk for all stroke subtypes was increased, but only the risk of ischemic stroke was
increased thereafter. MI was not associated with all-cause dementia or Alzheimer’s disease, but the risk of vascular dementia
was continuously increased, especially in patients experiencing
stroke during the first year after MI.
COMPARISON WITH EXISTING LITERATURE
In the following sections, an updated discussion of our findings is
provided for each study in light of relevant literature published at
the time of writing (Tables 1–4).
Positive predictive value of cardiovascular diagnoses in the
DNPR
Only 11 of 36 diagnoses (~30%) included in study I had previously
been validated and typically with only one diagnosis examined in
each study. For most of these diagnoses, the overall impression
was that the PPVs have improved over time. Presumably, this
positive development was driven by an increased awareness of
the importance of accurate coding, simplified diagnostic criteria
for several of the diseases,15 and improved and readily available
diagnostic modalities. The previously studied PPV for the MI
diagnosis in the DNPR improved from 93% during 1982–199135
and 92% during 1993–200334 to 98% during 1998–200733 and
100% during 1996–2009.32 Thus, the PPV for MI has consistently
exceeded 90% during the study periods of studies II–IV with a
slight tendency to increase over time. For discussion of other
validated cardiovascular diagnoses not directly pertinent to studies II–IV, see Table 1 and Appendix I.
Study I was limited by a narrow study period (2010–2012),
implying that results cannot necessarily be extrapolated to previous calendar periods. We also acknowledge that we only considered one aspect of data quality, namely the PPV. Other important
measures of data quality include sensitivity, specificity, and negative predictive values, which were not included in study I. At the
time of writing, no validation studies have been published on
cardiovascular diagnoses in the DNPR since the publication of
study I.
Impact of depression on mortality following myocardial infarction
Studies of the association between depression and MI mortality
are summarized in Table 2. To circumvent the problems related to
studies using a post-MI assessment of depression, we considered
the impact of preadmission depression on mortality after MI.
Employing this approach to the definition of exposure, we found
only a moderately increased risk of death in MI patients with prior
depression. Supporting only a modest impact of depression on
post–MI mortality, the multicenter ENRICHD trial from 2003
(n=2481 MI patients with accompanying depression) demonstrated no effect on the primary outcome (composite of death or
recurrent MI) of cognitive behavior therapy or the administration
of selective serotonin reuptake inhibitors after MI.90 However, an
observational cohort study published after the acceptance of

study II indicated that patients with treated depression did not
have different 1-year mortality risks than patients without depression (6.7% vs. 6.1%, adjusted HR = 1.12, 95% CI 0.63-1.99),
whereas patients with untreated depression had higher 1-year
mortality (10.8% vs. 6.1%, adjusted HR = 1.91, 95% CI 1.392.62).47
The majority of post-MI depression studies were included
in recent meta-analyses reporting a stronger association with allcause mortality than our findings (relative risks = 1.23, 95% CI
1.15– 1.3149 and 1.80, 95% CI 1.50–2.1554). Only three studies
have examined the impact of preadmission depression on mortality after MI, reporting either no association with mortality45,46 or
a modest increase.44 However, these studies were limited by a
focus on psychiatric comorbidity in general,44 a lack of power to
detect any moderate association with depression,45,46 short follow-up (<1 year),44,46 inclusion of selected hospitals,44-46 and use
of self-report questionnaires and medical chart review to detect
preadmission depression.45,46
In summary, most previous studies examined the effect of
post-MI depression and found stronger associations with MI
mortality. One study examined preadmission psychiatric comorbidity in general, reporting a moderately increased mortality
risk,44 and only two studies considered pre-admission depression,
finding no association with mortality.45,46 In a large population we
were able to detect a moderate impact of preadmission depression. Thus, the timing of exposure assessment seems critical.
Myocardial infarction and risk of stroke
The association between MI and stroke has been examined before, but with the previously described limitations. Importantly,
the majority of studies were descriptive or without comparators
to the MI patients. Only two studies included comparators without MI.67,74
In a community-based cohort study in Rotterdam, Ikram
et al.67 examined the association of recognized and unrecognized
MI with the risk of ischemic stroke compared with individuals
without MI. The discrimination between persons with recognized
MI, unrecognized MI, and no MI was based on ECGs at baseline
combined with self-reported questions regarding the history of
MI. If there were signs of a previous MI in the ECG but no report
of a history of MI, the MI was categorized as unrecognized. Patients were followed for a mean of 8 years. Men (but not women)
with unrecognized (aHR=3.22, 95% CI 1.96–5.28) and recognized
(aHR=1.84, 95% CI 1.16–2.91) MI had increased risk of ischemic
stroke. The results support our findings, although we did not
capture unrecognized MI.
Witt et al.74 examined the risk of unspecified stroke in MI
patients compared with the incident stroke rate in the general
population of Rochester, Minnesota, US (1979–1998). They used
data from the Rochester Stroke Registry to calculate expected
stroke rates based on sex-, age-, and calendar period-specific
stroke rates in the general population. The standardized morbidity ratio was computed as the observed number of strokes relative
to the expected. Witt et al. reported a 44-fold increase in stroke
risk during the first 30 days after MI (standardized morbidity ratio
= 44, 95% CI 32–59), which is in line with our finding of a 32-fold
increased risk of ischemic stroke during 1–30 days of follow-up.
During the period from 30 days to 3 years of follow-up, the standardized morbidity ratio decreased from 3 to 2 and remained at
1.6 during 4–5 years of follow-up. These findings for longer-term
risk are likewise very similar to our estimates for ischemic stroke.
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Although the estimates reported by Witt et al. were not adjusted
and did not discriminate between ischemic and hemorrhagic
stroke, this is the only study with a reference group comparable
to ours.
In summary, most previous studies described the incidence of stroke after MI (Table 3), and only two cohort studies
made comparisons to individuals without MI.67,74 Witt et al.74 had
comparators similar to ours from the general population, and
their results largely agreed with our findings for ischemic stroke,
whereas the study by Ikram et al.67 supported our findings overall
without being directly comparable.
Myocardial infarction and risk of dementia
The association between MI and dementia has only been examined sparsely in one cohort study76 and one case control study.77
Ikram et al.76 used the same approach as described previously67
to examine the risk of dementia in patients with recognized and
unrecognized MI compared with individuals without MI. In men,
but not women, unrecognized MI was associated with an increased risk of dementia (adjusted HR = 2.14; 95% CI 1.37–3.35),
more white matter lesions, and more frequent brain infarction on
MRI. Recognized MI was not associated with dementia in either
sex. The study considered only all-cause dementia and had no
general population comparison cohort. Despite this, their finding
of no association with all-cause dementia after recognized MI is in
line with our findings.
Bursi et al.77 conducted a case-control study, identifying
916 cases of all-cause dementia and 916 age- and sex-matched
controls. For both cases and controls, preceding MI was present
in 36 cases. The corresponding odds ratio for MI was 1.00 (95% CI
0.62–1.62) among cases with dementia compared with controls.
Bursi et al. also focused only on all-cause dementia and thus
agreed with our findings in study IV.
In summary, one cohort study76 and one case-control
study77 examined the association between MI and dementia
(Table 4), both focusing solely on all-cause dementia and reporting no association with MI.
METHODOLOGICAL CONSIDERATIONS
Registry-based epidemiological research offers the opportunity to
conduct studies of risk, prognosis, and prediction that would be
impossible or unethical in a clinical setting. The advantages of
registry-based research include the possibility for large, nationwide, population-based research using prospectively collected
data. In Denmark, free and equal access to primary and hospital
care, together with virtually complete follow-up for every individual, largely eliminate selection bias.110
However, the advantages of registry-based research come
at the expense of methodological limitations. Between a simple
association and causality lie a number of epidemiological phenomena, including random and systematic error that can hinder
causal inference. Random error is reflected in the precision of the
estimates.126 Systematic error encompasses selection bias, information bias, and confounding.127 Selection and information biases are systematic errors inherent to the study design and cannot
be corrected in the analysis phase.127 However, confounding can
be controlled for in the design phase by randomization, restriction, and matching, and in the analysis phase by standardization, stratification, and adjustment.127 Moreover, registry-based
studies are dependent on the quality of the registry data, which
can be evaluated only through cumbersome validation studies.128,129

Below follows a discussion of potential problems and how
we sought to limit their impact on our results.
Statistical precision
The width of the CIs reflected the precision in all studies.126 CIs
enable inference based on the strength of an association in combination with the level of precision.130
In study I, we reviewed more than 2,000 medical records
aiming at a sample of up to 100 cases for each diagnosis in the
DNPR to ensure appropriate precision of the estimated PPVs.
However, the precision in stratified analyses was lower and could
have been avoided with a larger sample, if that had been feasible.
The large, population-based cohorts in studies II–IV in combination with a large number of outcomes resulted in high statistical
precision in the primary results, which were unlikely to be caused
by chance.126 Furthermore, the large numbers allowed examination of possible effect modification in subsets of the cohorts while
sustaining an appropriate level of precision in most analyses.
Selection bias
Selection bias is systematic error arising when the association
between exposure and outcome differs for those included and
those excluded from a study.127 Loss to follow-up may also introduce selection bias when it is related to both the exposure and
the outcome. Because the association among non-participants is
rarely known, selection bias cannot be fully quantified, only assumed.127
For reasons of feasibility, study I was limited to three
specific hospitals within the Central Denmark Region, which is
one of five regions in Denmark.109 This restriction was reasonable
as the Danish health care system is homogenous across regions in
terms of demographic composition, coding practice, socioeconomic characteristics, and healthcare usage.109 Each region typically has one major university hospital and several smaller regional hospitals.109 Therefore, we included Aarhus University Hospital
and two regional hospitals (Randers and Herning regional hospitals) to reflect the health care structure within a region. In addition, the study period was restricted to 2010–2012; however, the
validity of the MI diagnosis during previous calendar periods
covered in studies II–IV has been examined in previous studies.3235

In studies II–IV we employed nationwide populationbased designs within the setting of a tax-supported universal
healthcare system, largely eliminating selection biases stemming
from the selective inclusion of specific regions, hospitals, health
insurance systems, socioeconomic categories, age groups, or
ethnicities. Moreover, studies II–IV were based on nationwide
population-based registries (the Danish Civil Registration System110 and the Danish National Patient Registry111) with virtually
complete follow-up.

Information bias
Information bias arises when systematic error is present in the
measurement of information about study participants, resulting
in misclassification of exposure, outcome, or covariables.127 Misclassification can be either differential or non-differential. Differential misclassification can bias results in either direction, whereas non-differential misclassification most often biases the
estimate of association towards unity, particularly for dichotomous variables, which were predominantly employed in studies
II–IV. In studies II–IV, misclassification of exposures would be
differential if dependent of the outcomes (and vice versa).127 All
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studies in this dissertation were based on prospectively recorded
data that eliminate recall bias, reducing the risk of differential
misclassification. In the following sections, we discuss misclassification of exposures and outcomes in studies II–IV.
Misclassification of depression
For the main analysis in study II, we based the definition of depression only on registry-based diagnoses, yielding a prevalence
of only 3.5% rather than the ~20% in previous reports.131 Depression based only on registry diagnoses misclassifies depression
managed solely in primary care. If independent of the outcome,
this misclassification would bias the association with MI mortality
towards the null, which is reflected by the additionally increased
mortality risk in analyses including antidepressants in the definition of depression. In these analyses, we only had 6 months of
prescription history for the first patients included in the study, as
The Danish Registry of Medicinal Product Statistics was initiated 1
January 1995115 and our study period started 1 July 1995. This
could potentially lead to similar misclassification of depressed
patients and bias towards the null. Although depression is the
main indication for use of antidepressants, patients with other
conditions (e.g., anxiety, stress, pain) are also prescribed these
drugs, which likely has caused misclassification of a number of
patients with depression. The consequence of this misclassification is less predictable and depends on how the underlying conditions are associated with the outcome. However, in Denmark, as
opposed to other European countries, antidepressants are less
frequently used for other indications than depression.132
The PPV of the depression diagnosis in the DPCR has
previously been reported to be high for severe depression (83%)
but somewhat lower for moderate (76%) and mild depression
(65%).118 The validity of the depression diagnosis in the DNPR has
not been examined; however, we obtained nearly identical results
when separately analyzing individuals with depression registered
in the DNPR and the DPCR.
In summary, misclassification of depression due to underreporting in the registries has presumably biased the association with MI mortality towards the null in the main analysis employing only diagnoses to detect previous depression.
Misclassification of myocardial infarction
MI is one of the most validated diagnoses in the DNPR, and the
PPV has consistently ranged between 90% and 100% since
1982,32-35,117 whereas the sensitivity of the MI diagnosis has been
found to be somewhat lower (~70% during 1982–1991 when
including both primary and secondary inpatient MI diagnoses).35
A high PPV is important when identifying a study population as in
studies II–IV. In studies III–IV, MI also serves as the exposure,
where sensitivity and specificity are also important. However, any
misclassification of MI due to low sensitivity or specificity would
likely be non-differential and bias the association with outcomes
in studies III–IV towards the null, provided that the misclassification of MI patients is independent of the outcomes.
Misclassification of outcomes
In study II, all-cause mortality was the primary outcome. We
based all-cause mortality on vital status in the Danish Civil Registration System, which holds complete and accurate data with
daily electronic updates.110 Therefore, misclassification of allcause mortality is unlikely.110
In study III, we classified unspecified strokes (~40% of all
stroke diagnoses) as ischemic strokes because approximately two-

thirds of unspecified strokes have been shown to be ischemic
strokes.133 Despite the known misclassification of a few hemorrhagic strokes as ischemic strokes, the results in sensitivity analyses were robust when separately analyzing specified ischemic
stroke and unspecified stroke. The PPV of inpatient stroke diagnoses (primary or secondary) in the DNPR has been estimated to
be 97% for ischemic stroke, 74% for ICH, and 67% for SAH.133 The
sensitivity of overall stroke in the DNPR (inpatients with a primary
diagnosis) has been reported to be roughly 60%.134 If the sensitivity of the stroke diagnosis was equally low in the MI and comparison cohorts, this would not have affected our results. However, if
the sensitivity of the stroke diagnosis was higher among MI patients due to surveillance bias, this would lead to differential
misclassification of stroke and tend to overestimate the association between MI and stroke.
The same concern applies to the dementia outcomes in
study IV. However, as we found a null result for all-cause dementia, the greater concern in study IV is channeling bias within subgroups of dementia, i.e. that demented patients with a previous
MI are more likely diagnosed with vascular dementia than other
types of dementia. Such bias would be differential and may have
resulted in an overestimation of the risk of vascular dementia.
The PPV for all-cause dementia has been reported to be relatively
high (86%), but lower for subtypes of dementia.135 The sensitivity
of dementia in the DNPR is unknown.111
In summary, differential misclassification of stroke and
vascular dementia among MI patients due to surveillance and
channeling bias, respectively, would tend to overestimate the
association with MI.
Confounding
To act as a confounder, a factor must be associated with both the
exposure and the outcome without being an intermediate step on
the causal pathway between exposure and outcome.127 Thus, a
confounder must be a cause (or marker) of the outcome and
unbalanced between the exposure groups.127 In studies II–IV, we
aimed to limit potential confounding by matching, adjusting, and
stratifying by an array of potential confounding factors. Nevertheless, the observational nature of our study renders it vulnerable
to residual and unmeasured confounding.
In study II, we lacked data on smoking, which was likely
more prevalent among patients with depression.88 Paradoxically,
smoking is associated with a decreased risk of death after MI,136
and therefore would lead to an underestimation of the association. However, we adjusted for illicit drug/alcohol/smoking abuse
and for chronic obstructive pulmonary disease as proxy measures
for chronic smoking exposure. Furthermore, in a meta-analysis of
the association between depression and mortality after MI, additionally adjusting for smoking only attenuated the association by
1%.49
In study III, smoking was a potentially unmeasured confounder and was handled as in study II, although we did not have
information on illicit drug/alcohol/smoking abuse. Residual confounding by diabetes and hypertension could also affect the
estimates. Diabetes and hypertension are key risk factors for MI
and especially stroke.137 In the main analysis, we only based
information on diabetes and hypertension on diagnoses in the
DNPR. However, when we included medication in the definition
of hypertension and diabetes (data available from 2005 to 2009),
the main results remained unchanged.
In study IV, smoking was also a potential confounder
associated with both MI138 and dementia139 and was handled as
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in study III. Other potential confounders for which we lacked data
in study IV included APOE4 genotype, homocysteine levels, and
physical activity, which are all associated with cardiovascular
disease and dementia.105,140,141
In studies II–IV, life style factors in general (e.g., smoking
and physical activity) were potential confounders and were indirectly adjusted for by socioeconomic status (only studies II and IV)
and life style diseases, such as chronic obstructive pulmonary
disease, diabetes, obesity, and cardiovascular disease other than
MI.
PERSPECTIVES
The essential aim of medical science is to improve prognosis
through the optimization of diagnostic tests and treatments. A
major knowledge gap exists in terms of clinical pathways determining mortality after diseases such as MI. Identifying these
pathways is essential to guide secondary and tertiary prevention
after MI and ultimately improve prognosis.
The studies in this dissertation add to the scientific
knowledge regarding the prognostic impact of preadmission
depression on MI mortality (study II) and the risk of stroke and
dementia following MI (studies III–IV).
Study II adds to an increasing body of evidence suggesting
that depression may be a prognostic factor for mortality after MI;
however, our results suggest only a modest impact of depression
on mortality. Still, our findings merit attention to MI patients with
previous depression, as this subset of patients may be additionally vulnerable, especially when depression is active as indicated by
a recent depression diagnosis or current use of antidepressants.
Studies III and IV provide new evidence of the long-term
risk of stroke and dementia after MI compared with a general
population cohort. Clinical attention on ischemic and hemorrhagic
stroke is important especially in the early phase after MI. Thereafter, risks subside rapidly to towards unity after 1 year for hemorrhagic stroke whereas the risk of ischemic stroke remains moderately increased for decades after MI. Current management of MI
does not adequately protect against stroke, especially shortly
after MI. Our reports of the temporal development of stroke risk
after MI may assist in determining the appropriate timing and
duration of preventive strategies after MI.
In 1-year survivors of MI, attention to the continuously
increased risk of vascular dementia seems prudent, although our
results need confirmation. In the absence of a disease-modifying
treatment for most forms of dementia, the identification of MI as
a risk factor for vascular dementia holds the possibility of directing tertiary prevention of dementia after MI.
Looking forward, important questions remain to be answered, including the clinical pathways underlying the increased
mortality in depressed MI patients. Identifying these pathways
may enable a more targeted preventive strategy following MI.
Confirmatory studies of pre-MI depression in other cohorts are
also important to approximate the true strength of the association with mortality. Studies III–IV are the first to examine the
long-term risk of stroke and dementia, and confirmatory studies
are needed to verify our findings beyond 1 year of follow-up.
Study IV was the first to include subgroups of dementia, and our
findings need confirmation in different settings to clarify the risk
distribution among dementia subtypes. Finally, studies of other
neurological outcomes that may result from emboli and hypoperfusion after MI are needed.

SUMMARY
The connection between the heart and mind has been studied
since Sir William Harvey observed more than 350 years ago that
negative emotions adversely affect the heart. Today, we know
that diseases of the mind can affect the heart and, conversely,
that heart diseases can cause both physical and mental diseases
of the brain. To explore this relation further, we examined how
previous depression affects survival in patients with myocardial
infarction (MI) (study II), and how the occurrence of MI affects
the risk of ischemic and hemorrhagic stroke (study III) and dementia (study IV). These studies were preceded by a validation
study including all major cardiovascular diagnoses in the Danish
National Patient Registry (study I). Studies II–IV are populationbased cohort studies, of which studies III–IV are matched cohort
studies. We identified antidepressant use from prescription registries and used nationwide databases to identify study populations
and retrieve data on outcomes and comorbidity.
In study I (2010–2012), we reviewed a total of 2,153
medical records from one university hospital and two regional
hospitals in the Central Denmark Region. We randomly sampled
up to 100 cases for each cardiovascular diagnosis. Medical record
review served as reference standard to compute the positive
predictive value for each diagnosis. For first-time MI, the positive
predictive value was 97% (95% CI 91%–99%) and exceeded 90%
for the most common cardiovascular disease entities.
In study II (1995–2014), we identified 170,771 patients
with first-time MI. Previous depression was identified by either a
depression diagnosis or the use of antidepressants. Patients with
MI and a previous depression diagnosis had higher 19-year mortality risks (87% vs. 78%). The overall adjusted mortality rate ratio
was 1.11 (95% CI 1.07–1.15), increasing to 1.22 (95% CI 1.17–
1.27) when including the use of antidepressants in the definition
of depression. The association was stronger in patients with recent depression but was not influenced by depression severity or
type of MI.
In study III (1980–2009), we identified 258,806 patients
with a first-time MI and 1,244,773 sex-, age-, and calendar yearmatched individuals from the general population, and followed
them for development ischemic or hemorrhagic stroke. During
the first 30 days after MI, the adjusted stroke rate ratio was 31.9
(95% CI 28.4–35.8) for ischemic stroke, 21.8 (95% CI 16.6–28.5)
for intracerebral hemorrhage (ICH), and 16.6 (95% CI 8.7–32.0)
for subarachnoid hemorrhage (SAH) compared with the general
population. The adjusted stroke rate ratio remained increased
during 31 to 365 days (3-fold for ischemic stroke, 2-fold for ICH,
and 1.5-fold for SAH). During the following 1 to 30 years, the risk
remained 1.6-fold increased for ischemic stroke but decreased to
near unity for ICH and SAH.
In study IV (1980–2012), we identified 314,911 patients
with first-time MI and 1,573,193 sex-, age-, and calendar yearmatched individuals from the general population and followed 1year survivors for development of dementia. Compared with the
general population cohort, MI patients were not at increased risk
of all-cause dementia (adjusted hazard ratio = 1.01, 95% CI 0.98–
1.03). In subgroups of dementia, we observed no substantial
association with Alzheimer’s disease (adjusted hazard ratio =
0.92, 95% CI 0.88–0.95) or other dementias (adjusted hazard ratio
= 0.98, 95% CI 0.95–1.01). However, patients with MI had an
increased risk of vascular dementia (adjusted hazard ratio = 1.35,
95% CI 1.28–1.43).
In conclusion, we found that preceding depression was associated with moderately increased mortality after MI, and that MI
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was associated with an increased risk of stroke and vascular dementia, but not dementia from other causes.
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