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1. INTRODUCTION
“You ought not to attempt to cure the body without the soul. The
cure of many diseases is unknown to physicians because they
disregard the whole.”
Hippocrates
The above quotation, written by the father of modern medicine,
is highly relevant now almost 2,500 years later, in our dealing
with patients with myocardial infarction (MI). Owing to 40 years
of considerable improvements in prophylaxis and treatment of
MI, the morbidity and mortality from this disease have decreased
significantly, but a subset of patients seems not to have obtained
the expected benefit of these improvements. The hypothesis has
therefore been raised that some factors beyond the traditional
bio-medical risk factors go unrecognised and may affect the
treatment and the prognosis in the subset of patients. A growing

line of research has demonstrated that depression following MI is
associated with adverse outcomes, but the underlying mechanisms remain unclear. Post-MI depression is common, but studies
also show that this condition is under-recognised and undertreated. The general practitioner (GP) is supposed to play a key
role in the treatment of persons with coexisting physical and
mental diseases because he or she serves as a care coordinator
and is trained to treat both mental and physical diseases.
Aims
The development of new strategies to improve the quality of care
for people with depression following MI requires thorough understanding of the mechanisms that influence the prognosis as well
as knowledge of the present care provided. The purpose of this
PhD thesis is accordingly subdivided into four specific aims:
1.

2.

3.

4.

To estimate the prevalence of depression in people
with MI after three months, and to estimate the provided hospital-based psychosocial rehabilitation;
To examine GPs’ practice of screening for depression in people with MI, and to analyse whether the
screening rate varied among subgroups of people
with a particularly high risk of post-MI depression;
To examine the association between post-MI depression and new cardiovascular events or death,
taking potential mediators into account;
To examine the association between MI and suicide.

2. BACKGROUND
2.1 Epidemiology of depression following myocardial infarction
By 2030, depressive disorder and ischaemic heart disease are
projected to be the number one and two cause of disability in
developed nations and the second and third leading cause of
disability in the world next to human immunodeficiency virus and
[1]
AIDS.
MI is a major cause of morbidity and mortality worldwide,
and it is estimated that more than 7 million people suffer from MI
[2]
each year. In Denmark, 8,919 persons were admitted to hospital
[3]
with first-time MI in 2002. Considerable improvements in prophylaxis and treatment have substantially reduced mortality and
physical morbidity associated with MI in western countries since
[4-6]
the 1970s.
In Denmark, the 30-day mortality from MI declined
from 31.4% in 1984-88 to 14.8% in 2004-08 and the one-year
[6]
mortality declined from 42.1% to 24.2% during the same period.
About 200,000 Danes are now living with ischaemic heart dis[3]
ease.
Major depression following MI is common and persistent. In a
[7]
recent review of studies using structured clinical interviews, the
range of prevalence rates of major depression within two weeks
after the MI was 16% to 27% and the weighted prevalence rate
[7]
was 19.8% (95% CI; 19.1% to 20.6%). More than three quarters
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of those were still depressed three months later and others de[8]
veloped depression. Symptoms of depression can exacerbate or
improve, but the prevalence rate of depression seems to be
[9]
rather constant at least within the first 18 months following MI.
2.2 Prognostic impact of depression following myocardial infarction
Beginning in the 1980s, a growing number of studies have reported that psychosocial stress and depression following MI are
linked to prognosis. Three systematic reviews and meta[10-12]
analyses
have now investigated the association between
post-MI depression and adverse outcome including all-cause
mortality, cardiac mortality and new cardiovascular events. The
[12]
most recent review included 29 individual studies undertaken
in clinical samples of persons with MI between 1983 and 2006. A
total of 16,889 MI patients were followed for a mean time of 16
months (range, 1 week to 24 months). The mean age at the time
of the index MI was 61 years (range, 54 to 65 years) and 26%
were women. Of the 29 studies, 18 identified depression by using
screening instruments only, seven used both a screening instrument and a clinical interview, and four used a clinical interview
only. The most commonly used screening instrument was the
Beck Depression Inventory, although a wide range of other scales
have also been used. Seventeen studies comprising a total of
10,362 patients reported on all-cause mortality and a total of 892
patients died within 2 years after the index MI. The pooled odds
ratio (OR) of all-cause mortality in 3,053 depressed patients compared with 7,309 non-depressed patients was 2.25 (95% CI, 1.73[12]
2.93). New cardiovascular events were reported in 18 studies.
These studies included a total of 10,119 patients and a total of
2,247 patients had another cardiovascular event within 2 years
after the index MI. The pooled OR of a new cardiovascular event
after MI in 2,946 depressed patients compared with 7,173 non[12]
depressed patients was 1.59 (95% CI, 1.37-1.85).
Only two
studies on mortality and five studies on new cardiovascular
events provided adjusted estimates. They were too few and
heterogeneous to pool by meta-analysis. In these studies, the
estimates were on average 21% lower after adjustment for age,
sex, comorbidity and cardiac disease severity.
2.3 Mechanisms linking depression following myocardial infarction with adverse prognosis
While the mechanisms linking post-MI depression with adverse
prognosis are not well understood, a number of relationships
[13]
have been suggested. A biological pathway suggests that the
depressive state is associated with hyperactivity of the hypothalamic-pituitary-adrenocortical axis, disturbances in cardiac auto[14]
nomic tone and low heart rate variability, disturbances in blood
clotting mechanisms, vascular endothelial dysfunction of the
coronary arteries, and activation of the immune system contribut[13]
ing to coronary artery thrombosis.
A behavioural pathway
suggests that patients with depression following MI are less likely
to adopt a healthy lifestyle including physical activity and dietary
recommendations and are less likely to adhere to recommended
secondary prophylactic medication than patients without depres[15]
sion. Smoking rates may also be higher in people with depres[13]
sion and they find it more difficult to quit. A strong and consistent inverse relation has been found between the magnitude of
social support and the adverse prognostic outcome in those with
MI. Factors such as living alone, being socially isolated and low
perceived social support have all been found to impair the prog[16-18]
nosis.
Furthermore, some evidence indicates that the effect
of depression is confounded by worse underlying cardiac disease,

i.e. persons with more severe cardiac disease may have a higher
risk of developing post-MI depression than persons with less
[19]
severe cardiac disease.
2.4 Diagnosis and severity of depression following myocardial
infarction
The diagnostic criteria of depression following MI are the same as
those of depression in persons with no history of MI. Based on
good clinical practice, the guideline of depression from the Danish
[20]
College of General Practitioners
recommends screening with
the three core symptoms of depression according to the Internath
tional Classification of Diseases, 10 Revision (ICD-10) (Table 2.1,
questions 1-3). The screening is considered positive if the patient
[20]
has at least two of the three core symptoms. Based on the
literature, the yes/no version of the 2-item Patient Health Questionnaire (PHQ-2) (Figure 2.1) has proven to be the most effective
screening tool for identifying major depressive disorder in primary care patients according to the Diagnostic and Statistical
th
Manual of Mental Disorders, 4 edition (DSM-IV). The PHQ-2
[21,22]
takes less than 1 minute to complete and score.
Figure 2.1

Algorithm for diagnosing depression in primary care patients, the yes/no
version of the 1Patient Health Questionnaire, 2 items (PHQ-2). Adapted
from Whooley.[23]

A “yes” response to one or both questions is 96% sensitive
and 57% specific for major depressive disorder when adminis[22]
tered in the form of a self-report questionnaire and 97% sensi[21]
tive and 67% specific when asked verbally. A “no” response to
both questions almost rules out depression. The advantage of
using the PHQ-2 is that by using only two questions that take less
than one minute to complete, the PHQ-2 rules out depression in
[22]
However, the low
more than half or two thirds of persons.
specificity and positive predictive value of the PHQ-2 means that
fewer than half or one third of persons with a positive screen
ultimately meet the criteria for major depressive disorder. Thus,
any positive screen must be followed by a clinical interview to
confirm the diagnosis.
In addition to a clinical interview, the guideline of depression
[20]
from the Danish College of General Practitioners recommends
diagnostic assessment by the self-reporting questionnaire, the
[24]
Major Depression Inventory (MDI) (Table 2.1).
In an international context, the 9-item Patient Health Question[25,26]
naire (PHQ-9)
is more commonly used. Both are self-report
instruments. The MDI has been developed with reference to the
ICD-10, and the PHQ-9 has been developed with reference to the
DANISH MEDICAL JOURNAL
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DSM-IV. The MDI measures how much of the time over the past
two weeks a person has experienced each of the three core
symptoms and the seven accompanying symptoms of depression
from the ICD-10 (at no time=0; some of the time=1; slightly less
than half the time=2; slightly more than half the time=3; most of
the time=4; all the time=5). As a diagnostic instrument, the MDI
items are dichotomised to indicate the presence (=1) or absence
(=0) of each of the symptoms. The core symptoms are considered
present for answer categories from 4 to 5, whereas the accompanying symptoms are considered present for answer categories
[24]
from 3 to 5. The algorithm for ICD-10 mild, moderate or severe
depression is the presence of at least two (mild or moderate) or
three (severe) of the core symptoms and at least two (mild), four
(moderate), or five (severe) of the accompanying symptoms
(Table 2.1).
Table 2.1

The PHQ-9 also measures how much of the time over the past
two weeks a person has been bothered by each of the depressive
symptoms. The wording of the items in the PHQ-9 is slightly different from the wording of the items in the MDI, and the PHQ-9
contains one item less than the MDI (item 4 in the MDI). The most
important difference between the PHQ-9 and the MDI is, though,
that the PHQ-9 holds only two core symptoms because lack of
energy is considered only an accompanying symptom. According
to the DSM-IV, a major depressive episode is considered present,
when at least five symptoms from the PHQ-9 are present including at least one of the core symptoms.
The differential diagnosis of depression includes metabolic
disorders, bipolar disorder, normal grief reaction, stress, problem
[27]
drinking, substance abuse and medication toxicity. When managing depression in MI patients, it is important to emphasize that
the anecdotal belief that β-blocker therapy causes depressive
[28]
symptoms is not supported by data from clinical trials.
2.5 Screening for depression following myocardial infarction
Routine screening for depression following MI is recommended
[27,29-31]
by the guidelines of various Western countries.
The guideline from the American Heart Association and the American Psy-

[29]

chiatric Association recommends screening with the PHQ-2 of
all patients with coronary heart disease. The guideline does not
provide information on when and how often the patients should
[31]
be screened. The American Academy of Family Physicians has
provided a specific guideline for the detection of post-MI depression and recommends that patients having an MI should be
screened for depression using standardised depression symptom
check-lists at regular intervals during the post-MI period, including during hospitalisation. In the UK, the National Institute of
[30]
Clinical Excellence (NICE)
recommends screening for depression in a broad group of patients with chronic physical health
problems, though with particular attention to cancer, heart diseases, musculoskeletal disorders, respiratory disorders, neurological disorders and diabetes. The NICE guideline recommends
that physicians be alert to possible depression and that they
consider using the PHQ-2 in patients who may have depression.
These recommendations have been integrated into the primary
care system in the UK through the Quality and Outcomes Framework (QOF), which provides GPs with financial incentives for
asking case identification questions to persons with ischaemic
[32]
heart disease or diabetes.
The Danish Health and Medicines
[27]
Authority also recommends screening of all persons with heart
disease and 12 other patient groups (patients with a history of
depression, stroke, pain disorders, diabetes mellitus, chronic
obstructive pulmonary disease, cancer, Parkinson’s disease, epilepsy, women during pregnancy and after childbirth, refugees and
immigrants). The guideline of depression from the Danish College
[20]
of General Practitioners
follows the recommendations from
the Danish Health and Medicines Authority, and the working
group recommends screening in the above-mentioned risk groups
as good clinical practice by using the core symptoms of depression according to the ICD-10.
Even if routine screening for depression following MI is rec[33-38]
ommended, its rationale is widely discussed.
The term
screening refers to a test performed in persons without symp[39]
toms or signs of an illness. The underlying rationale requires a
judgment that among persons to whom the test is administered,
the cost of the illness, both monetary and personal, along with
the cost (both monetary and personal) of the test and the errors
that arise when it does not classify patients accurately will be
exceeded by the costs of the illness had the test not been done. A
positive test result can entail the introduction of therapy when it
might not otherwise have been considered. Alternatively, a negative test can give rise to the decision not to initiate therapy when
[39]
it otherwise would have been given. Opponents against screen[36,37]
ing for post-MI depression
argue that there is no direct evidence that screening for depression leads to improved outcomes
[40]
in cardiovascular populations,
it is resource-intensive and
treatment for depression is currently not effectively delivered.
The most likely outcome of a positive screen would be further
care for depression in primary care, but it is estimated that only
20% to 30% of depressed people being treated exclusively in
[37]
primary care setting are receiving adequate care and follow-up.
[33,34,38]
Proponents
acknowledge the lack of specific evidence in
cardiovascular patients, but argue that primary care patients
benefit from depression screening in the context of a collabora[34]
tive care treatment program. Moreover, depression is highly
prevalent, it impairs quality of life and the overall prognosis, valid
screening tests are available and treatment of depression improves depressive symptoms.[33,38]
2.6 Treatment of depression following myocardial infarction
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The treatment of depression following MI follows the overall
treatment of depression, though with a few precautions as to the
use of pharmacotherapy. GPs have four evidence-based approaches at their disposal for treatment of depression: selfmanagement including physical activity, psychotherapy, pharmacotherapy, or a combination of these approaches. The choice of
therapy depends on the severity of the depression and patient’s
preference (Table 2.2).
Table 2.2

Self-management is fundamental and should be encouraged
through patient education and brief counselling. A meta-analysis
of randomized controlled trials has shown that exercise improves
depressive symptoms (effect size, 0.40; 95% CI, 0.14-0.66) in
[41]
patients with chronic illnesses, and a recent randomized trial
has shown that this is also seen in persons with stable coronary
[42]
heart disease (effect size, 0.56; 95% CI, 0.37-0.73). No interventional studies have examined the effect of exercise on depressive
[41]
symptoms in patients with a recent MI. In MI patients, physical
exercise should be preceded by a treadmill stress test for patient
security and to reassure the patient that his or her heart is stable
[43]
enough to withstand regular exercise training. Like all adults,
MI patients should do at least 150 minutes of moderate-intensity
exercise (e.g. walking or cycling) per week, at least 75 minutes of
vigorous-intensity exercise (e.g. running) per week or an equiva[44]
lent combination. For patients with mild to moderate depression, structured psychotherapy along with self-management
[45]
should be considered as first-line treatment.
A randomized
[46]
found that cognitive behavioural therapy improves detrial
pressive symptoms in persons with MI, although the relative
improvement in the intervention group compared with the usual
care group was moderate. Cognitive behavioural therapy helps
patients gain positive experiences and focus on their accomplishments rather than dwell on negative life experiences. Patients with moderate to severe depressive symptoms usually
benefit from pharmacotherapy (effect size, 0.66; 95% CI, 0.38[47]
0.94),
and randomized trials have documented the safety of
[46,48-50]
selective serotonin re-uptake inhibitors (SSRI)
and found
[48,50]
that they
improve depressive symptoms in persons with MI.
The decision about which antidepressant medication to prescribe
should be based on the patients’ preferences, adverse effects
including prolonged QT interval and possible interactions with
other medications. Tricyclic antidepressants should not be used
as first-line agents because of their association with adverse
[51,52]
cardiovascular events.
Treatment of post-MI depression
improves depressive symptoms, but it remains unknown whether
it also improves the adverse cardiovascular outcomes. Only few
[46,48,49,53]
trials
have investigated the effect of antidepressants on
cardiovascular events or death and they have been underpowered to detect a potential effect. However, one observational
study has suggested that antidepressants reduce death and recur[54]
rent MI in patients with post-MI depression.
2.7 Health care organization of rehabilitation following myocardial infarction in Denmark
Denmark’s publicly funded health care system provides all Danish
citizens with free access to general practice, outpatient clinics and

[55]

hospital care. Nearly all Danish citizens are registered with a GP
and the average GP list encompasses approximately 1,600 persons. The Danish Health and Medicines Authority has developed
generic instructions for the management of persons with chronic
illnesses. Having the primary responsibility for Danish healthcare
services, the five Danish Regions have further developed specific
guidelines for rehabilitation of patients with acute coronary syn58
drome. All persons suspected of MI should be admitted to hospital. Patients with MI should be provided with cardiac rehabilitation which implies a multidisciplinary professional approach.
Cardiac rehabilitation has been divided into three phases: (I) an
in-hospital acute phase lasting for a few days, (II) a reconditioning
phase in an out-patient ambulatory setting lasting 8-12 weeks,
and (III) a lifelong community-based improvement and mainte[56-58]
nance phase.
Phase II rehabilitation guidelines among others
recommend screening for depression by questionnaire about six
weeks after the patient’s discharge from hospital, a talk about the
screening result; and if the screening result indicates depression,
the patient should be referred to the GP for further diagnostics
[57]
and potential treatment.
Most patients with depression are
treated in general practice. Since 2007, the GP has had the opportunity to refer patients aged 18-37 years (from 1 July 2012, >18
years) with mild to moderate depression to a psychologist for 12
sessions of psychotherapy with a self-payment of about one third
of the total prize.
3. METHODS
This thesis consists of a cohort study (Papers I-III) and a casecontrol study (Paper IV). The cohort study was based on information from registers and questionnaires sent to patients and their
GP. The case-control study was based solely on information from
registers (Table 3.1).
Table 3.1

1

The Danish National Patient Register
The Civil Registration System
3
The National Health Service Register
4
The Danish National Diabetes Register
5
The Central Denmark Region Prescription Database
6
The Danish Integrated Database for Labour Market Research
7
The Cause of Death Register
8
The Danish Psychiatric Central Register
2

3.1 Data sources
3.1.1 Registers
3.1.1.1 The Danish National Patient Register (DNPR)
[59]
The DNPR contains information on all patients admitted to any
Danish somatic hospital since 1977 and emergency departments
and outpatient clinics since 1995. It includes discharge diagnoses
and procedure codes, coded by the physician in charge, and classified according to the Danish version of the International ClassifiDANISH MEDICAL JOURNAL
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cation of Diseases, 8 edition (ICD-8) from 1977-1993 and the
th
10 edition (ICD-10) since 1994.
3.1.1.2 The Civil Registration System (CRS)
[60]
The CRS was established in 1968. The CRS registers all persons
alive and living in Denmark with a unique personal identification
number. All new-borns have subsequently been provided with a
unique number that follows people from cradle to grave. The
personal identification number allows unambiguous linkage between all Danish public registers at the level of the individual. The
CRS also holds information on day of birth, sex, residence, and
vital status of all Danish citizens.
3.1.1.3 The National Health Service Register (NHSR)
[61]
The NHSR
contains information on services provided by primary health care providers such as general practitioners, psychologists and other specialists. As a prerequisite for reimbursement, the individual provider is responsible for registering any
given health care service.
3.1.1.4 The Danish National Diabetes Register (DNDR)
[62]
The DNDR includes all Danish diabetes patients according to an
algorithm based on the CRS, the DNPR (discharge diagnose of
diabetes), the NHSR (chiropody, blood-glucose measurements)
and the Danish National Prescription Register (oral anti-diabetic
drugs, insulin).
3.1.1.5 The Central Denmark Region Prescription Database
(CDRPD)
[63]
The CDRPD holds data collected by community pharmacies on
all prescriptions redeemed by out-patients and forwarded to the
Central Denmark Regional Health Service section on a monthly
basis. The database provides information on all reimbursed drugs
according to the Anatomical Therapeutic Chemical Classification
System (ATC), dispensing date, and the total number of tablets
dispensed.
3.1.1.6 The Danish Integrated Database for Labour Market Research (IDA)
[64]
IDA holds information on socioeconomic data, including data
on income, employment status, educational level, and marital
status, for the entire population from 1980 and onward. The data
in IDA are based on other registers in Statistics Denmark like the
person register and the tax authorities register.
3.1.1.7 The Cause of Death Register (CDR)
[65]
Established in 1875 and computerised since 1970, the CDR
covers all deaths of citizens dying in Denmark. The classification
of causes of death is in accordance with the WHO’s rules, from
1968 to 1993 as specified in the ICD-8 and since 1994 as specified
in the ICD-10.
3.1.1.8 The Danish Psychiatric Central Register (DPCR)
[66]
The DPCR stores information on all patients admitted to any
psychiatric hospital and psychiatric ward in hospitals in Denmark.
The register includes inpatient data since 1969 and outpatient
data since 1995. It includes discharge diagnoses coded by the
physician in charge and classified according to the ICD-8 from
1977 to 1993 and the ICD-10 since 1994.
3.1.2 Questionnaires
Two questionnaires were developed: one for patients and one for
the patients’ GP (Appendices V-VI).

3.1.2.1 Development of questionnaires
A thorough literature search was performed using the following
search terms: cardiac rehabilitation, heart disease, myocardial
ischemia, depression, anxiety disorder, screening, general practice, primary care, and family practice in different combinations.
The reference lists of key papers were studied. Many were identified, specific hypothesis were constructed for each topic and we
chose the most relevant variables based on the literature. We
used existing scales whenever possible; otherwise, ad hoc questions were constructed.
The themes in the patient questionnaire included: health services received for cardiac rehabilitation, cardiac disease severity,
anxiety and depression, and health behaviours. The following
validated scales were used: the British Medical Research Council
[67]
(MRC) dyspnoea scale,
the Short-Form 12 version 2 (SF[68]
12v2),
and the Hospital Anxiety and Depression Scale
[69]
(HADS) . We chose the HADS because it is frequently used,
extensively validated, short, easy to respond to and to calculate,
measures both anxiety and depression, and was designed to be
valid in clinical populations with symptoms of physical disease. It
thus avoids items that might be endorsed by physical rather than
[69,70]
The HADS is a self-report instrument that
mental states.
consists of a depression scale (HADS-D) and an anxiety scale
(HADS-A) both with seven items that are each answered on a
four-point verbal rating scale with a score of 0-3 (total score 0–
[71,72]
21). The HADS has been validated in MI patients
and has
been proved to have satisfactory reliability (HADS-D, Cronbach’s α
[71]
Compared with a physician-administered structured
≈ 0.80).
clinical interview for the DSM-IV, which is the golden standard, a
HADS-D≥8 identified possible cases of depression in a GP popula[73]
tion with a sensitivity of 80% and a specificity of 88%
and
among MI patients with a sensitivity of 65% and a specificity of
[72]
90%. Health behaviours were self-reported and classified according to the general recommendations of the Danish Health
and Medicines Authority. We defined cardiac rehabilitation and
asked the patients whether they had participated in phase II
rehabilitation and in the core components of cardiac rehabilitation.
The themes in the GP questionnaire included individual information on each patient regarding somatic comorbidity, previous psychiatric illness and screening for depression, and individual information on GP characteristics.
3.1.2.2 Pilot testing
The patient questionnaire was pilot-tested for comprehension
and ability to discriminate answers by interviewing five MI patients and reviewing the questionnaires of 30 MI patients admitted to hospital in December 2008. The pilot test gave rise only to
minor linguistic changes. The GP questionnaire was reviewed by
GP colleagues from the scientific staff at the Department of Public
Health, Aarhus University. Based on their comments, the GP
questionnaire was adjusted and a regular pilot test was performed by interviewing six GPs and reviewing the GP questionnaires of seven MI patients. This pilot test gave rise to changes in
the order of the questions and minor rewording.
3.1.2.3. Data entry
The questionnaires were designed and processed in the computer
programme Teleform Enterprise version 8.0 (Cardiff software Inc.,
San Marcos, CA, USA) for data capture by optical scanning. An
assistant scanned all returned questionnaires; and whenever the
Teleform programme was in doubt of an answer, the questionDANISH MEDICAL JOURNAL
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naire was thoroughly examined by the assistant and KKL. A previ[74]
ous study has documented the accuracy of the data processing.
Data were transferred to the statistical program Stata (Statacorp
LP, College Station, TX, USA) and checked for errors. If errors were
encountered, the original questionnaire was inspected and the
database entry corrected.
3.2 The cohort study (Papers I-III)
3.2.1. Study population
We consecutively invited all patients above 18 years, discharged
from hospital with a first time MI from 1 January 2009 to 31
December 2009 and living in the Central Denmark Region
(1,250,000 inhabitants). Data on patients discharged with an MI
[75]
(ICD-10 code I21) were received from the DNPR on a monthly
basis. Patients who had been discharged with an MI between
1994 and 2008 were excluded to identify first-time cases. Information on name, address, and vital status was obtained from the
CRS, which also provided the unique personal identification number used to link data between the registers and questionnaires
(Figure 3.1).

nationwide registers, we had complete follow-up of all patients.
We estimated the risk of cardiovascular events or death associated with depressive symptoms using Cox proportional hazards
models. We evaluated whether the hazard ratios (HR) of depressive symptoms following MI varied by subgroups by testing for
interaction using the Wald test in an age-adjusted model. The
covariates for the multivariate model (age, history of stroke,
diabetes, or heart failure, cardiac disease severity, smoking, secondary prophylactic medication and physical activity) were cho[76]
sen on the basis of the results from Whooley et al. No variable
had more than 3.1% missing data.
Figure 3.1

3.2.2 Data collection
The patient questionnaire was mailed to all patients between 14
and 16 weeks after their discharge from hospital. Non-responders
received a reminder after 19 and 29 days.
The GP questionnaire was mailed to the GP, one for each patient,
12-13 months after the patient’s discharge from hospital. Nonresponders received a reminder after 21 days.
[63]
Drug prescription data were obtained from the CDRPD, socio[64]
demographic data from IDA, information on comorbidity from
[59]
[62]
[63]
the DNPR, the DNDR and the CDRPD , and new cardiovas[59]
[60]
cular events and death from the DNPR and the CRS .
3.2.3 Statistical analyses
Responders and non-responders were compared using t tests and
2
χ tests. P<.05 was considered statistically significant.
3.2.3.1 Paper I
The participation in phase II cardiac rehabilitation including
screening for depression and psychosocial support within three
months following MI, the prevalence of depression, drug treatment three months after the MI and the sociodemographic characteristics the year before MI were presented as numbers (proportions with 95% CIs) for categorical data and as means,
standard deviations (SDs) and ranges for normally distributed
continuous data.
3.2.3.2 Paper II
GPs’ practice of screening for depression in MI patients within
one year after the patient’s discharge from hospital was analysed
2
as numbers and proportions with 95% CIs. We used χ test to
study whether the screening rate was independent of the patients’ and the GPs’ characteristics.
3.2.3.3 Paper III
Baseline differences in characteristics between MI patients with
and without depressive symptoms were compared using t tests
2
and χ tests. We calculated the event-free survival time as the
time from three months after the MI (baseline evaluation of
depressive symptoms) to the first cardiovascular event or death.
If no event or death occurred, the patient was censored on 31
July 2012. Two persons emigrated during the follow-up period
and they were censored at the time of their emigration. Owing to

Flowchart for the study populations in Papers I-III

3.2.4 Approval and ethics
The cohort study was approved by the Danish Data Protection
Agency (J no. 2009-41-3018) and the Scientific Research Evaluation Committee of the Danish Academy of General Practitioners
(ref no. 03-2009). Written informed consent was obtained from
the patients.
3.3 The case-control study (Paper IV)
3.3.1 Study population
The case-control study was nationwide (5.5 million inhabitants in
Denmark). As cases, we selected persons aged 40-89 years and
recorded with suicide in the CDR from 1 January 1981 to 31 December 2006. From 1981 to 1993, the cases were identified by
the ICD-8 (E950-E959) and from 1994 to 2006 by the ICD-10 (X60X84). As controls, we randomly selected 25% of the persons who
had the same sex, were born on the same day as the case and
were alive on the day the case committed suicide (incidence
density sampling). Cases and controls were included only if they
DANISH MEDICAL JOURNAL
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had been residing in Denmark throughout the preceding year.
This sampling method allowed us to estimate the incidence rate
[77]
ratio (RR) and 95% CIs for a case-control study.
3.3.2 Data collection
Data on the exposure variable, MI, were retrieved from the
[59]
DNPR.
Potential confounders and mediators were retrieved
[60]
from the CRS (day of birth, sex, and vital status (alive or dead)),
[59]
[66]
the DNPR
(stroke and diabetes), the DPCR
(schizophrenia,
[64]
affective illnesses and other psychiatric illnesses), and the IDA
(marital status, labour market status, annual income and education). We extracted data on MI, stroke, diabetes and history of
psychiatric contact for both cases and controls until the day
where the case committed suicide (index day). Socioeconomic
data were retrieved for the calendar year before the index day.
3.3.3 Statistical analyses
The RR of suicide among patients discharged from hospital with a
diagnosis of MI was estimated by use of conditional logistic regression. RRs were adjusted for day of birth, sex, and date of
suicide by stratification. RRs were adjusted for marital status,
labour market status, annual income and history of psychiatric
contact, stroke or diabetes by regression analysis. In sub-analyses,
we also adjusted for education. The interaction between the
variables was assessed by the Wald test. Owing to the nationwide
nature of the registers, we had complete registration of the main
variables (MI and suicide), the matching variables (sex, age and
index day), marital status, annual income, labour market status,
stroke and diabetes. Information on education was missing for
24% of the study population, primarily due to lack of information
on people older than 60 years. We therefore adjusted for education in sub-analyses only and used sensitivity analyses in which
people with missing information were categorised in the lowest
and the highest educational group, respectively. P<.05 was considered statistically significant.

same for patients with or without depressive symptoms at three
months following MI. Overall, 102 (11.2%; 95% CI, 9.2-13.3%)
received antidepressants; and among those with depression, 37
(22.2%; 95% CI, 15.8-28.5%) received antidepressants.
Table 4.1

4.1.2 Paper II
Overall, 161 (27.3%; 95% CI 23.7%-30.9%) of the patients’ GPs
stated that they had screened the patient for depression within
the first year after their discharge from hospital (Table 4.2). Except for six, all MI patients were registered with at least one faceto-face consultation with their GP within this year.
Table 4.2

3.3.4 Approval and ethics
The study was approved by the Danish Data Protection Agency.
4. RESULTS IN SUMMARY
4.1 The cohort study (Papers I-III)
Among a total of 1,288 eligible patients with first-time MI, 908
(70.5%) completed a questionnaire (Paper I). Information on
HADS was available for 897 (69.6%) of the patients (Paper III).
Compared with responders, non-responders were more often
women, older, with fewer socioeconomic resources and had
more comorbid conditions (Paper III, Supplemental Table). Within
one year after the MI, 33 of the responders had died. The GPs of
589 (64.9%) patients returned their questionnaires (Paper II). The
tendency of the GPs to respond did not depend on the patient’s
sex, age, or socioeconomic resources.
4.1.1 Paper I
The patients’ social and demographic characteristics are outlined
in Table 4.1. Using the HADS, we found that 167 (18.6%; 95% CI,
16.1-21.2%) persons had depression three months following MI
(Paper I, Table 3). Within three months after the MI, 528 (58.5%;
95% CI, 55.3-61.7%) patients had participated in some kind of
rehabilitation, 278 (30.8%; 95% CI, 27.7-33.8%) had received
psychosocial support (Paper I, Table 2), and 30 (3.3%; 95% CI, 2.14.5%) reported that they had been examined for anxiety or depression by questionnaire. The rate of participation in psychosocial support and examination for anxiety or depression was the

1

Chi-squared test to examine whether the frequency of screening is independent of the patient characteristic.
2
Hospital Anxiety and Depression Scale, Anxiety Score.
3
Hospital Anxiety and Depression Scale, Depression Score.
4
Medical Research Council.
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The screening rate was higher among patients with a history of
mental illness (50.0%; 95% CI, 39.5-60.5%; P<0.001) and among
patients with anxiety (37.0%; 95% CI, 28.8-45.1%; P=0.002) or
depression (37.5%; 95% CI, 28.0-47.0%, P=0.007) than among
patients without these conditions three months after the MI
(Table 4.2). The screening rate tended to increase with increasing
HADS score (HADS-A<8: 23.8%; HADS-A≥8: 37.0%; HADS-A≥11:
44.9%) (HADS-D<8: 24.6%, HADS-D≥8: 37.5%, HADS-D≥11: 41.2%).
None of the GP characteristics were associated with the screening
rate (Paper II, Table 3).
Most of the GPs performed screening for post-MI depression
according to routine procedures (n=68 (42.5%)) or upon clinical
suspicion of depression (n=62 (38.8%)). The GPs screened the
patients for depression by asking about specific depressive symptoms (n=95 (59.0%)), using a symptom checklist (n=19 (11.8%)) or
by using other methods (n=23 (14.3%)). Most of the GPs (n=19
(82.6%)) who used other methods stated that they used their
clinical judgment as a basis for their evaluation of the patient
during the consultation.

cardiac disease severity and comorbid conditions attenuated the
HRs, but the association remained statistically significant (HR,
1.43; 95% CI, 1.08-1.88; P=.011; Table 4.3). Additional adjustment
for physical activity further attenuated the association; and in the
final adjusted model, MI patients with depression had a 35%
higher rate of cardiovascular events or death (HR, 1.35; 95% CI,
1.02-1.79; P=.034; Table 4.3) than MI patients without depression. In the final model, post-MI depression was associated with
an increased rate of death (HR, 2.07; 95% CI, 1.32-3.25; P=.001),
but not of new cardiovascular events (HR, 1.18; 95% CI, 0.86-1.62;
P=.302; Table 4.3).
We found no statistically significant difference in the HR
between subgroups of MI patients (Figure 4.1). However, the
association between depression and new cardiovascular events or
death tended to be smaller among person who took antidepressants (P=0.35 for interaction) or were physical active (P=0.12 for
interaction).
Table 4.3

Figure 4.1

4.2 The case-control study (Paper IV)
We identified 19,857 persons who committed suicide during the
study period from 1981 to 2006 and 190,058 controls (for characteristics of the matching criteria, see Paper IV, Table 1).
Among the individuals who committed suicide, 851 (4.3%) had a
history of MI compared with 5,537 (2.9%) controls. Overall, the
adjusted RR of suicide for persons with MI compared with persons without MI was 1.24 (95% CI, 1.14 to 1.35). The RR of suicide
was the same for men (RR, 1.24; 95% CI, 1.13 to 1.36) and women
(RR, 1.32; 95% CI, 1.09 to 1.60) (p=0.64 for interaction with sex).
The RR remained virtually the same throughout the study period
(p=0.79 for interaction with calendar year) (Table 4.4).
Table 4.4

Association between baseline depressive symptoms and subsequent
cardiovascular events or death for patients with myocardial infarction and
specific characteristics.
Abbreviation: MRC, Medical Research Council dyspnoea score.

4.1.3 Paper III
A total of 288 composite outcomes (239 new cardiovascular
events and 49 deaths) occurred during 1,975 person-years of
follow-up (mean 2.2 years; SD 1.0); 76 (45.5%) events occurred
among persons with HADS≥8, and 212 (29.0%) events occurred
among persons with HADS<8. Overall, the HR of cardiovascular
events or death for MI patients with depression three months
after MI was 1.76 (HR, 1.76; 95% CI, 1.36-2.29; P<.001) compared
with MI patients without depression (Table 4.3). Adjustments for

1

Adjusted for sex, age and calendar time by matching.
Adjusted for sex, age and calendar time by matching and further adjusted
for marital status, labour market status, annual income, psychiatric illness,
stroke, and diabetes mellitus by regression analyses.
2

The risk of suicide was highest within the first month after
discharge for MI for persons with (RR, 64.05, 95% CI 13.36 to
307.06) and without (RR, 3.25; 95% CI, 1.61 to 6.56) a psychiatric
DANISH MEDICAL JOURNAL

8

illness, but remained high throughout the entire study period
(Table 4.5).
The association between MI and suicide was strongest for the
youngest persons (age 40-59) whether they suffered psychiatric
illness (RR, 13.85; 95% CI, 10.68 to 17.98) or not (RR, 1.51; 95% CI,
1.22 to 1.87), and the RR tended to decrease with age (p=0.119
for trend) (Table 4.4 + Paper IV, Table 4).
As expected, psychiatric illness was strongly associated with
suicide (Table 4.5 + Paper IV, Table 4 and 5). The association
between MI and suicide was modified by the type of psychiatric
illness (P<0.001 for interaction). Persons with an affective disorder had the highest risk. The RR of suicide was high the first year
after discharge for MI for persons with an affective disorder,
whereas it remained high until 5 years after discharge for MI for
persons with schizophrenia and other psychiatric illnesses. Overall, the risk of suicide after MI remained high (RR, 1.39; 95% CI,
1.26 to 1.53) even among those without psychiatric illness and
after adjusting for diabetes, stroke, marital status, labour market
status and annual income (Paper IV, Table 5).
Table 4.5

1

Adjusted for sex, age and calendar time by matching.
Adjusted for sex, age and calendar time by matching and further adjusted
for marital status, labour market status, annual income, psychiatric illness,
stroke, and diabetes mellitus by regression analyses.

using HADS addressed the persistence of depression in patients
[8]
diagnosed during hospitalization for MI. Schleifer et al. reported
that about three quarters continued having depression three
[78]
months later; Lesperance et al. reported that this was the case
for about half of the patients after 6 months and, in addition, 16%
of those who did not have depression during admission had de[9]
pression after 6 months. A recent Norwegian study reported a
depression prevalence (HADS-D≥8) at three months after MI of
13.4%. However, all three studies have major limitations in that
[8]
[78]
[9]
the study populations were small (N=283 , N=222 , N=413 ),
the participation rates in the follow-up were only moderate
[78]
[9]
[8]
(60%), (54%) or low (40%) and non-participants were older
and more often female than participants. These limitations may
have led to inaccurate estimates and underestimation of the
depression prevalence. No previous studies have reported on
patient-specific participation in psychosocial rehabilitation during
the hospital-based rehabilitation following MI, but a European
[79]
survey described the contents of hospital-based rehabilitation
programs throughout Europe. In this survey, the providers of
rehabilitation in all the European countries (except Denmark and
Luxembourg) were identified from the national organizations or a
national contact person, and a self-report questionnaire was sent
to the providers. The questionnaire evaluated the duration of the
rehabilitation programs, staffing, contents and cost. The survey
reported that around half of the hospital-based rehabilitation
programs encompassed psychological tests and psychosocial
follow-up, but it did not report whether tests and follow-up were
provided to the patients or if they participated. In general, it is
well-known that mental illnesses including depression are under[80-82]
In Europe, it is
recognised and under-treated worldwide.
estimated that mental illnesses affects 27% of the population
[83]
[82]
every year,
74% of whom receive no treatment.
A WHO
review of 37 studies worldwide showed that the proportion of
[80]
people who are untreated for depression is 56%.

2

5. DISCUSSION OF RESULTS
5.1 Prevalence of depression three months after myocardial
infarction and hospital-based psychosocial rehabilitation (aim 1)
According to the HADS, 18.6% (95% CI, 16.1-21.2%) of the MI
patients in our study had depression three months after having
suffered MI. During the first three months post MI, only 3.3%
(95% CI, 2.1-4.5%) were screened for depression and less than
one-third participated in the hospital-based psychosocial rehabilitation offered in this period.
Depression is about three times more common in patients
[29]
having suffered MI than in the general community.
Assessments conducted in the hospital indicate that one in five patients
with MI has depression; and even more patients show elevated
[29]
levels of depressive symptoms. Less is known about the preva[7]
lence of depression in outpatient samples. A review from 2006
assessed the prevalence of depression in patients hospitalised for
MI and the relation between assessment modality and prevalence
(Section 2.2). In eight studies using structured clinical interviews,
prevalence rates of depression within two weeks following MI
ranged from 16% to 27%, and the weighted prevalence was 19.8%
(95% CI, 19.1-20.6%). In four studies using a HADS-D score of ≥8,
prevalence rates ranged from 11% to 17%, and the weighted
prevalence was 15.5% (95% CI, 13.2-18.0%). Only two of the
[8,78]
studies
using structured interviews and none of the studies

5.2 Screening for post-myocardial infarction depression by general practitioners (aim 2)
Within one year after MI, 27.3% (95% CI, 23.7-30.9%) of the patients in our study had been screened for depression by their GP.
The screening rate was higher among patients with previous
mental illness (50.0%; 95% CI, 39.5-60.5%) and those who had
depression according to the HADS three months after MI (37.5%;
95% CI, 28.0-47.0) than among patients without these conditions.
Most of the GPs screening for post-MI depression asked about
specific depressive symptoms without using symptom checklists.
Routine screening for depression in patients with MI is recom[27,29mended in national guidelines in various Western countries,
31]
but little is known about to which extent such guidelines are
actually being implemented. In Paper I, we found that during the
first three months post first-time MI, only 3.3% of the patients
reported that they had been screened for depression during the
hospital-based psychosocial rehabilitation offered in this period.
GPs manage the long-term rehabilitation of MI patients and are in
a key position to recognize and treat depression in this popula[84]
[85]
tion.
A Canadian cross-sectional study
evaluated 163 (response rate 63%) GPs’ practice patterns for managing depression,
including screening. About 40% of the GPs reported that they
performed routine screening of all adults, and about 60% reported that they screened only patients at high risk of depression.
Most GPs screened the patient by interview rather than by using
a symptom checklist. These discrepancies between the Canadian
study and our study with regard to screening rates may stem
from the fact that Canadian study evaluated general behaviour,
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whereas we evaluated patient-specific behaviour. Moreover, the
responders in the Canadian study may have had a particular
interest in depression that caused the study to overestimate the
proportion of GPs who performed routine screening. In the UK,
screening for depression by means of the PHQ-2 in patients with
diabetes mellitus and/or ischaemic heart disease was included in
the QOF in 2006. The QOF was introduced into UK general practice in 2004 and it provides financial incentives to improve the
[32]
quality of chronic disease management. In the 2009/10 QOF,
88.3% of the patients recorded with diabetes mellitus and/or
ischaemic heart disease had been screened for depression within
[32]
the past 15 months by means of the PHQ-2. Like in the UK,
Danish GPs are remunerated partly on a fee-for-service basis, and
they are given a financial incentive to use depression symptom
checklists, but not to screen for depression. Moreover, in Danish
general practice, the screening recommendations are not promoted by quality development or systematic and automatic electronic tools. This may partly explain the difference in screening
[86]
rates between the UK and Denmark. A recent qualitative study
from the UK showed that GPs find that implementation of the
screening instruments has helped them overcome barriers of
mentioning mood during a consultation about coronary heart
[86]
disease.
[87]
In general, a recent meta-analysis of 41 studies revealed
that GPs identified depression in 47% of the patients who had
depression according to an interview. Many of the studies covered by this meta-analysis are cross sectional. They have therefore been criticised because, unlike primary care itself, they do
not have a longitudinal perspective. Complying with this issue, the
studies were separated in the meta-analysis. This led to an improved diagnostic sensitivity (53%) with prospective examination
over an extended period (3-12 months) compared to cross[87]
sectional data (34%). We found that screening for depression
within one year following MI had neither been systematically
implemented in the hospital-based rehabilitation nor in Danish
general practice. Our results indicate that in the absence of systematic screening, a significant part of those with depression or
those at increased risk of depression go unrecognized. The Danish
Health and Medicines Authority recommends screening of all
patients with heart diseases and 12 other patient groups frequently encountered in general practice. Yet, the guideline provides no information on when and how often these patients
should be screened for depression. We may improve the detection rate of depression if more specific guidelines for the screen[88]
ing of depression are developed and if initiatives are taken to
[89]
implement these guidelines.
The guidelines should provide
information on the management of patient groups with a particularly high risk of depression, suggest when and how often they
should be screened, and be promoted by systematic and automatic electronic tools.
5.3 Post-myocardial infarction depression and new cardiovascular events or death (aim 3)
According to the HADS, depression three months after MI was
associated with a 1.76 (95% CI, 1.36-2.29) times higher risk of
suffering a new cardiovascular event or death within 2.2 years.
Adjustments for cardiac disease severity, comorbid conditions
and physical activity attenuated this association. In the final adjusted model, MI patients with depression had a 1.35 (95% CI,
1.02-1.79) times higher risk of a new cardiovascular event or
death than MI patients without depression.
Mounting evidence suggests that post-MI depression is asso[10-12]
ciated with an adverse effect on the prognosis.
However, the

mechanisms underlying this adverse effect of co-existing depression on MI patients’ prognosis is poorly understood. Especially, it
is unclear whether there is a causal relation between post-MI
depression and an adverse outcome, or whether this association
is confounded by a worse underlying cardiac disease, i.e. persons
with more severe cardiac disease may have a higher risk of developing depression than persons with less severe cardiac disease
[19]
[12]
(Section 2.3). A meta-analysis from 2011 found that patients
with post-MI depression had a 2.25 (95% CI, 1.73-2.93) times
higher risk of all-cause mortality (17 studies) and a 1.59 (95% CI,
1.37-1.85) times higher risk of new cardiovascular events (18
studies) (Section 2.2) than patients without post-MI depression.
[90-97]
Only eight studies
provided adjusted estimates and they
were too heterogeneous to pool by meta-analysis. Five of the
[94,97]
studies (two on all-cause mortality
and three on new cardio[94-96]
vascular events
) adjusted for cardiac disease severity. The
adjusted associations were smaller than the unadjusted associa[94-96]
tions, but remained statistically significant for four of them.
[95]
[94]
[96]
The attenuation was 3%, 4% and 10% in the studies on
[94]
[97]
cardiovascular events and 7% and 65% in the studies on allcause mortality. Caution is warranted when interpreting the
[97]
results of the latter study due to its limited statistical power
because of low numbers which results in large CIs. In a recent
[19]
study, Zuidersma et al. found that one third to half of the association between post-MI depressive symptoms and cardiovascular
events or death was explained by cardiac disease severity and
previous MI. In patients with stable coronary heart disease,
[76]
Whooley et al. found that cardiac disease severity and a history
of MI, stroke, diabetes and heart failure attenuated the association with 13%; after further adjustment for physical inactivity,
there was no longer a significant association between depression
and cardiovascular events or death in these patients.
Our findings support the hypothesis that the association between depressive symptoms and adverse outcome is confounded
by the severity of the underlying cardiac disease and they add
that physical inactivity also plays an important role. However,
persons with depressive symptoms had a higher risk of new cardiovascular events or death than persons without depressive
symptoms, even after adjusting for these potential confounders.
Physical inactivity three months after MI may hence be a step on
the causal pathway from depressive symptoms to the adverse
[39]
outcome and should therefore not be adjusted for.
Subanalyses were performed to adjust for other potential confounders (sex, marital status, education, labour market status, body
mass index, antidepressant use, and participation in hospitalbased rehabilitation) but this did not change the estimates. In one
sub-analysis, we also excluded patients with the more severe
underlying physical disease (MRC≥3, previous stroke, heart failure
or diabetes mellitus) and found that patients with depressive
symptoms had a 1.48 (95% CI, 0.95-2.32) times higher risk of
cardiovascular events or death than patients without depressive
symptoms. These findings support that post-MI depressive symptoms seem to be an independent prognostic risk factor for new
cardiovascular events or death in our study.
We examined the association between post-MI depressive
symptoms and adverse outcome in several subgroups, but identified no factors that modified the risk. However, the sample size
was small in some of the subgroups, and we found a tendency
towards a lower association with increasing physical activity and
among users of antidepressants. Larger studies are needed to
clarify the impact of these potential modifiers of the association
and to evaluate how such modifiers may be catered for in the
treatment of post-MI patients with symptoms of depression.
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Meanwhile, general recommendations are that clinicians should
[34,98-101]
Randomized
recognize and treat post-MI depression.
[48,50]
trials have found that antidepressants
and cognitive behav[46]
ioral therapy reduce depressive symptoms in persons with MI.
Physical exercise reduces depressive symptoms in patients with
[42]
stable coronary heart disease,
but no interventional studies
have examined the effect of exercise on depressive symptoms in
[41]
patients with a recent MI. In these patients, physical exercise
should be supervised and preceded by a treadmill stress test for
patient security and to reassure the patients that their hearts are
[43]
strong enough to withstand regular exercise training. Furthermore, it remains unknown whether treatment of depression
improves the adverse cardiovascular outcomes of persons with
coronary heart disease. Previous trials have been underpowered
to detect any such effect on cardiovascular events or
[46,48,49,53]
death,
but one observational study suggested that antidepressants reduced death and recurrent MI in patients with
[54]
post-MI depression.
Mounting evidence shows that comprehensive and collaborative care is effective in managing persons
[102,103]
including
with depression and co-existing physical illness,
[104]
MI.
Such care includes components like education about the
condition, interventions to encourage physical exercise and sys[105]
tematic monitoring of patients’ adherence to medication.
Initiatives should be taken to implement comprehensive and
[103,105,106]
collaborative care,
and future studies should evaluate
whether these strategies also improve the overall prognosis.
5.4 Myocardial infarction and risk of suicide (aim 4)
MI was strongly associated with an increased risk of suicide. This
risk was particularly high immediately after the MI but remained
much elevated for more than five years, notably, among persons
with a history of psychiatric illness.
MI is a severe life event that is accompanied by an increased
risk of anxiety, depression and decreased quality of life. However,
no previous studies have examined whether the mental burden of
MI is so heavy that it increases the risk of suicide. Previous studies, though, found a positive correlation between the incidence of
death from suicide and death from ischaemic heart disease in
[107]
and a positive association between the life-time prevaBrazil,
lence of coronary artery disease and suicide attempts has been
[108]
reported in an elderly population in the South of France.
A
small study from Baltimore in the USA found that 7.3% of patients
had suicidal plans following acute life-threatening physical ill[109]
[110,111]
nesses such as MI and stroke.
Two studies
examined
the association between several physical illnesses and the risk of
suicide in elderly people and found no association between cardiovascular disease and suicide. The difference between their
results and ours may be attributed to their smaller sample sizes,
their broader diagnostic categories, and the fact that they did not
take time since diagnosis into account.
In our study, the association between MI and suicide remained stable throughout the study period, although many other
factors changed. During the study period, the acute treatment of
MI was improved by thrombolysis and percutaneous coronary
[2]
angioplasty, and the subsequent treatment was improved by
109
[56,58]
drugs
and comprehensive rehabilitation.
Furthermore,
the number of days spent at hospital after MI decreased significantly. These factors might have affected the mental condition of
persons with MI in different ways but the association between MI
and suicide remained virtually unchanged even if overall suicide
rate declined markedly in the Danish population for men (from
42/100.000 in 1980 to 18/100.000 in 2001) and women (from
[112]
22/100.00 in 1980 to 7/100.000 in 2001).

We found that the risk of suicide after MI decreased slightly
when we adjusted for previous admission due to stroke or diabetes mellitus, annual income and labour market status; and the risk
increased slightly when we adjusted for marital status. We found
virtually no change in estimates when we adjusted for education
in sub-analyses using sensitivity analyses. Furthermore, in subanalyses we used information on socioeconomic factors collected
five years before the index day to evaluate if socioeconomic
factors were only intermediate variables; that is MI causing a
decline in socioeconomic status causing suicide. However, the
results did not change significantly. Thus, our results imply that
MI per se is a risk factor for suicide even after adjustment for
physical comorbidity and various socioeconomic factors known to
[113-115]
pose a risk for suicide in the general population.
Several risk factors contribute to suicide. The stress-diathesis
[116]
model
suggests that a stress-full life event combined with a
genetic predisposition may entail a suicidal act. MI is known to be
significantly associated with psychological distress, and many
patients are affected by depression following MI (Paper I). Components of the diathesis include hopelessness, aggression and
impulsivity due to low hormonal activity (serotonin, noradrena[116]
[117]
Recently (March 2012), a large case-control study
also
lin).
examined the association between several physical illnesses and
the risk of suicide and found that coronary heart disease was
associated with a 1.53 times increased risk of suicide which was
largely explained by clinical depression. Combined with our results, these findings emphasise the mental burden of MI and
support that it is important to address the mental health following MI.
DISCUSSION OF METHODS
In assessing the validity of the findings from the four studies in
this thesis, one needs to address bias in selection or measurement, confounding and chance (Figure 6.1).
Figure 6.1
Association and cause. From Clinical Epidemiology – The Essen[118]
tial.

6.1 Selection bias
Observational studies are vulnerable to selection bias, which may
stem from the procedures used to select subjects and from fac[39]
tors influencing study participation.
In the cohort study (Papers I, II, III), the response rate among
patients was good (70%). However, the non-responding patients
were older, more often women, had fewer socioeconomic reDANISH MEDICAL JOURNAL
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sources and more comorbid conditions than the responders
(Paper III, Supplemental Table). In the cross-sectional analysis in
Paper I, we may therefore have underestimated the depression
prevalence and overestimated the participation rate in psychosocial rehabilitation. If non-responders have a higher depression
prevalence than responders, we may have underestimated the
overall screening rate in Paper II, because the screening rate was
higher in patients with depression than in patients without. However, the screening rates according to specific patient characteristic would not be affected because age, sex and socioeconomic
resources did not impact the GPs’ screening rates. Nonresponding GPs could affect the estimated screening rates both
ways. However, the GP response rate was fair (65%), the tendency of GPs to respond did not depend on the patient’s age, sex
or socioeconomic resources, and no GP characteristics were
associated with the screening rate (Paper II, Table 3). In Paper III,
we used antidepressant consumption as a proxy for depressive
[119]
The
symptoms as has also been done in previous studies.
estimates of these analyses of the association between antidepressants and new cardiovascular events or death in both responders (HR, 1.49; 95% CI, 1.09-2.05) and non-responders (HR,
1.40; 95%CI, 1.05-1.87) were the same and they were comparable
to that of HADS in responders, which reduces the risk of selection
bias. The risk of selection bias is further reduced by the fact that
we had complete follow-up owing to our use of nation-wide
registers.
In the case-control study, complete information was available
on all persons in Denmark registered with suicide during the
study period and a random sample of control persons with the
same age and sex alive on the day the case person committed
suicide. No loss to follow-up occurred, and selection biases are
unlikely explanations for our findings.
6.2 Information bias
Information bias may arise when the information collected is
erroneous. Misclassification of the exposure, the outcome or any
[39]
confounding factors can cause such errors. Misclassification
can be differential or non-differential. Differential misclassification can either exaggerate or underestimate the true association,
whereas a non-differential misclassification tends to produce a
[39]
bias towards the null.
Information on MI was registered prospectively in both the
cohort study and the case-control study. It therefore did not rely
on the participants’ or the relatives’ memory. The MI diagnosis in
the DNPR was based on current European Society of Cardiology
criteria for MI, coded by the physician in charge of the discharge.
The diagnosis is known to have a high sensitivity (90%) and speci[75]
ficity (92%), which is unrelated to age.
In the cohort-study, the specificity of the MI diagnosis was
even higher than in the DNPR because we asked the patients to
confirm their diagnosis and we reviewed the discharge summary.
We excluded 47 patients due to misclassification of the MI diagnosis and eight due to lacking information on diagnosis and lacking permission to retrieve the discharge letter (Figure 3.1). When
developing the questionnaires, we used both single factual items
and psychometric tests, such as the HADS. Both were included
based on an extensive literature search and our clinical experience. Whenever possible, we used questions from previous surveys and previously translated and validated scales. Health behaviours were classified according to the Danish Health and
Medicines Authority. The questionnaires were pilot-tested for
comprehension (content validity) by interviewing MI patients and
GPs, and for the respondents’ ability to discriminate answers

(construct validity) by reviewing the MI patients’ and the GPs’
[120]
For most single items, a test against a golden
questionnaires.
standard (criterion validity) made no sense, as no such true value
could be found. Allocating a diagnosis of depression is based
ideally on a diagnostic interview. However, the diagnostic usefulness of HADS≥8 has a high quality with specificity of 90% in MI
patients when compared with the golden standard, a physician[72]
administered structured clinical interview for DSM-IV. In Paper
II, the retrospective nature of the information on screening for
depression makes it prone to recall bias, which could affect the
overall screening rate. To minimize this, the GPs were provided
with the patient’s personal identification number in order to be
able to consult their electronic patient files when completing the
patient-specific questionnaire. We also reduced the risk of information bias by using high-quality register data, such as socioeconomic data, whenever possible.
Concerns about information bias were minimal in the casecontrol study, which was based solely on registers. Registration
errors do occur; yet, they are most likely non-differential. The
overall necropsy rate declined from 44% in 1971 to 9% in 2011,
but medico legal inquest is statutory when suicide is suspected.
We included only suicide cases for which the coroner’s verdict
was “suicide”. This ensures a high specificity of the outcome,
which is important in case-control studies. The quality of a suicide
diagnosis is likely to be the same for those with and without a
previous MI diagnosis, although we cannot exclude that some
suicides may have been misclassified as sudden cardiac death if
they occurred shortly after the MI. If so, we might have underestimated the true association between MI and suicide.
6.3 Confounding
A confounder is a factor related to both exposure and outcome.
However, it cannot be a factor in the pathway between exposure
and outcome, and its presence must be imbalanced between
[39]
groups. In other words, it must be an independent risk factor.
There are several methods to account for confounders in observational studies. We used matching, restriction, stratification and
adjustment in multivariate regression analyses.
We examined associations in Papers III and IV. Data were
available on a wide range of covariates. Thus, it was possible to
account for a number of potential confounders, including, age,
sex, socioeconomic resources and comorbidity; for Paper III, it
was also possible to account for severity of disease, health behaviour and health care interventions. However, our observational
studies carried an inherent risk of residual confounding. This risk
arises in the analysis of an association when confounding remains
present after adjustment, when confounding comes from factors
that are not controlled at all, or when the possible confounder is
[121]
measured inaccurately.
In Paper III, we were unable to evaluate whether the association between post-MI depression and
adverse outcome was explained by potential biological mechanisms such as heart rate variability and inflammatory mechanisms
because we had no information on these issues. In the study by
[76]
Whooley et al., inflammation as measured by C-reactive protein explained a small part of the association, but it is unclear
whether inflammation acted as a mediator between depressive
symptoms and cardiovascular events or death or as a marker of
more severe disease. In Paper IV, unrecorded psychiatric illness
could confound the association between MI and suicide. Psychiatric outpatients were not included before 1995, and patients with
milder psychiatric illnesses, such as mild depression, may not be
in the register. However, the risk of suicide after MI was the same
during the study period 1981-1995 as during 1996-2006, which
DANISH MEDICAL JOURNAL
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indicates that the association was not affected by the inclusion of
less severe cases. Furthermore, the association decreased only
slightly when we adjusted for psychiatric illness as registered in
the DPCR.
6.4 Chance
Chance, or random error, is closely related to precision, because
the mean of a large number of unbiased observations tends to
approximate the true value in the population, even though the
[39]
individual samples may vary considerably. Large studies are
therefore more precise and contain less random estimation error
than smaller studies. However, random variation can never be
totally eliminated, so precision and chance should always be
considered in assessments of clinical observations. In Papers I-IV,
the precision was reflected by the width of the 95% CIs. In all our
main analyses, the large study populations gave a high level of
statistical precision. However, in some of the analyses, the statistical precision of the estimates was lower due to either fewer
included observations or further stratification of the main study.
Examples are the analyses of the GPs’ screening procedures (Section 4.1.2) and the association between MI and suicide according
to type of psychiatric illness and time since MI (Paper IV, Table 5).
Some caution is therefore warranted when interpreting the findings of these analyses as they were more sensitive to chance.
7. MAIN CONCLUSIONS
Main conclusions for aim 1-4
1. Post-MI depression was common; persons with MI were
rarely examined for depression and few of them received psychosocial support during the three-month
post-MI hospital-based rehabilitation phase;
2.

GPs’ screening for depression during the first year after
MI was neither complete among persons with MI nor in
subgroups of such patients at particularly high risk of
post-MI depression. When screening, the GPs followed
guidelines asking about specific depressive symptoms;

3.

Depressive symptoms following MI were associated
with an increased risk of new cardiovascular events or
death. Half of this association was explained by cardiac
disease severity, comorbidity and physical inactivity, but
depressive symptoms remained an independent prognostic risk factor. The effect of depression did not vary
between subgroups of MI patients;

4.

MI was strongly associated with an increased risk of suicide. This risk was particularly high shortly after the MI,
but remained high for more than five years after the MI.

8. PERSPECTIVES FOR THE CLINIC AND FUTURE RESEARCH
Modern management of MI rests on a clinical evidence base
drawn from many studies undertaken over the past four decades.
The evolution in clinical practice has substantially reduced mortal[6]
ity and morbidity associated with MI. The key to this success is
the effective introduction of secondary prophylactic medication
combined with timely reperfusion. This evolution has been underpinned by better risk stratification and optimised systems of
[2]
care. Remaining challenges include evidence-based management of depression following MI. This thesis demonstrates that
depression following MI is common, under-recognised and has a
major impact on prognosis.

Screening for depression following MI has not been systematically implemented either in the hospital-based rehabilitation or
in Danish general practice. In the absence of systematic screening, a significant part of those who suffer from depression or are
at an increased risk of depression go unrecognised. The Danish
program for clinical quality development in cooperation with a
working group from the Danish Society of Cardiology have recently described quality indicators for phase II rehabilitation and
established a database for registering such quality indicators.
Screening for depression is one of the quality indicators, and
reporting to the database begins in the spring of 2013. Future
studies should examine whether this strategy improves the
screening rate and the subsequent treatment undertaken in
[29-31]
general practice. Like international guidelines,
the Danish
[20]
College of General Practitioners recommends screening for
depression in patients with MI. However, none of the guidelines
provide instructions on when and how often the patient should
be screened for depression, and the guidelines are not promoted
by system support in Danish general practice. We may improve
the detection rate of depression and improve the costeffectiveness of the screening program if more specific guidelines
[88]
for the screening for depression are developed and initiatives
[89]
are taken to further their implementation. These guidelines
should provide information on management of patient groups at
particularly high risk of depression and should suggest when and
how often they should be screened. Besides interactive educa[122]
tional strategies,
screening for depression may be helpful,
particularly when screening is coupled with system changes that
[34,123]
help ensure adequate treatment and follow-up.
[117]
MI increases the risk of suicide, mediated by depression,
and depression following MI impairs the overall prognosis. We
examined the association between post-MI depressive symptoms
and adverse outcome in several subgroups, but identified no
factors that modified the risk. Larger studies are needed to clarify
the impact of potential modifiers of this association and to evaluate how such modifiers may be catered for in the treatment of
post-MI patients with symptoms of depression. Randomized trials
[48,50]
have found that antidepressants
and cognitive behavioural
[46]
therapy
reduce depressive symptoms in persons with MI.
However, it remains unknown whether treatment of depression
improves the adverse cardiovascular outcomes in these persons.
Previous trials have been underpowered to detect a potential
[46,48,49,53]
effect on cardiovascular events or death,
but one observational study has suggested that antidepressants reduce death
[54]
and recurrent MI in patients with post-MI depression. Mounting evidence shows that comprehensive and collaborative care is
effective in managing persons with depression and co-existing
[102,103]
[104]
physical illness
including MI.
Such collaborative care
includes components like education about the condition, interventions to encourage physical exercise and systematic monitor[105]
ing of the patient’s adherence to medication.
Initiatives
should be taken to implement comprehensive and collaborative
[103,105,106]
care,
and future studies should evaluate whether these
strategies also improve the overall prognosis.
9. SUMMARY
Background and aims
Myocardial infarction (MI) is a severe life event that is accompanied by an increased risk of depression. Mounting evidence suggests that post-MI depression is associated with adverse outcomes, but the underlying mechanisms of this association remain
unclear, and no previous studies have examined whether the
mental burden of MI is so heavy that it increases the risk of suiDANISH MEDICAL JOURNAL
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cide. Although post-MI depression is common and burdensome,
the condition remains under-recognised and under-treated. The
development of new strategies to improve the quality of care for
people with post-MI depression requires thorough understanding
of the mechanisms that influence the prognosis as well as knowledge of the present care provided.
The purpose of this PhD thesis is accordingly subdivided into
four specific aims:
1. To estimate the prevalence of depression in people
with MI after three months, and to estimate the provided hospital-based psychosocial rehabilitation (Paper I);
2. To examine GPs’ practice of screening for depression
in people with MI, and to analyse whether the
screening rate varied among subgroups of people
with a particularly high risk of post-MI depression
(Paper II);
3. To examine the association between post-MI depression and new cardiovascular events or death, taking
potential mediators into account (Paper III);
4. To examine the association between MI and suicide
(Paper IV).

Conclusions and perspectives
This thesis demonstrated that post-MI depression is common,
under-recognized and has a strong prognostic impact. About one
in five patients have depression three months after MI. Guidelines recommend screening for depression, but the guidelines
have not been systematically implemented either in the hospitalbased rehabilitation or in Danish general practice. In the absence
of systematic screening, we found that a significant part of those
who had depression were not recognized. MI increases the risk of
suicide, and depression following MI impairs the overall prognosis. The thesis indicates that physical activity and antidepressants
modify the adverse prognosis in patients with post-MI depression, but larger studies are needed to clarify the impact of these
potential modifiers and to evaluate how they may be catered for
in the treatment of post-MI patients with depression.
10. LIST OF ABBREVIATIONS

Methods
Two different study designs were employed: a population-based
cohort study using data obtained from registers and questionnaires sent to MI patients and their GPs (Paper I-III); a nationwide
population-based matched case-control study using data obtained from registers (Paper IV).
Results
Three months after having suffered MI, about one fifth of the
patients in our study had depression according to the Hospital
Anxiety and Depression Scale (HADS). Upwards of half of the
patients had participated in some rehabilitation, thirty per cent
had participated in psychosocial support and three per cent reported that they had been examined for depression by questionnaire during the hospital-based rehabilitation. The rate of participation in psychosocial support and examination for depression
was the same for patients with or without depression at three
months following MI.
A good fourth of the patients’ GPs stated that they had
screened the patient for depression within the first year after the
patient suffered an MI. Three months after the MI, the screening
rate was higher among patients with a history of mental illness
and among patients with anxiety or depression than among patients without these conditions. Most of the GPs who performed
screening followed guidelines by asking about specific depressive
symptoms.
According to the HADS, depression three months after MI was
associated with an increased risk of a new cardiovascular event or
death. This association was partly explained by the underlying
cardiac disease severity and physical inactivity, but depression
remained an independent prognostic risk factor after adjusting
for these potential confounders. We found a tendency towards a
weaker association with increasing physical activity and among
users of antidepressants.
MI was strongly associated with an increased risk of suicide.
This risk was particularly high immediately after the MI, but remained high for more than five years after the MI. The association between MI and suicide remained stable throughout the
study period (1981-2006), although many other factors changed
(e.g. suicide rate, treatment of MI).
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