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Abstract
Aims: Patient-reported quality of life and anxiety/depression scores provide important prognostic information independently of traditional clinical data. The aims of this study were to describe: (a) mortality and cardiac events one year
after hospital discharge across cardiac diagnoses; (b) patient-reported outcomes at hospital discharge as a predictor of
mortality and cardiac events.
Design: A cross-sectional survey with register follow-up.
Methods: Participants: All patients discharged from April 2013 to April 2014 from five national heart centres in
Denmark.
Main outcomes: Patient-reported outcomes: anxiety and depression (Hospital Anxiety and Depression Scale); perceived health (Short Form-12); quality of life (HeartQoL and EQ-5D); symptom burden (Edmonton Symptom
Assessment Scale). Register data: mortality and cardiac events within one year following discharge.
Results: There were 471 deaths among the 16,689 respondents in the first year after discharge. Across diagnostic
groups, patients reporting symptoms of anxiety had a two-fold greater mortality risk when adjusted for age, sex, marital
status, educational level, comorbidity, smoking, body mass index and alcohol intake (hazard ratio (HR) 1.92, 95% confidence interval (CI) 1.52–2.42). Similar increased mortality risks were found for patients reporting symptoms of depression (HR 2.29, 95% CI 1.81–2.90), poor quality of life (HR 0.46, 95% CI 0.39–0.54) and severe symptom distress (HR
2.47, 95% CI 1.92–3.19). Cardiac events were predicted by poor quality of life (HR 0.71, 95% CI 0.65–0.77) and severe
symptom distress (HR 1.58, 95% CI 1.35–1.85).
Conclusions: Patient-reported mental and physical health outcomes are independent predictors of one-year mortality
and cardiac events across cardiac diagnoses.

Keywords
Health surveys, cardiology, patient-centred outcomes research, population registers, mortality, cardiac events
Received 17 November 2017; accepted 19 March 2018

1
Department of Cardiology, Copenhagen University Hospital
Rigshospitalet, Denmark
2
National Institute of Public Health, University of Southern Denmark,
Denmark
3
Department of Cardiology and Department of Cardiothoracic Surgery
and Clinical Nursing Research Unit, Aalborg University Hospital,
Denmark
4
Department of Cardiothoracic and Vascular Surgery, Odense University
Hospital, Denmark

5

Department of Cardiology, Odense University Hospital, Denmark
Department of Cardiology, Gentofte University Hospital, Denmark
7
Aarhus University, Institute of Public Health, Section of Nursing Science.
Department of Cardiology, Aarhus University Hospital, Denmark
6

Corresponding author:
Selina K Berg, Department of Cardiology, Copenhagen University
Hospital Rigshospitalet, Blegdamsvej 9, 2100 Copenhagen, Denmark.
Email: Selina@rh.dk

2

Introduction
Background
Heart disease inﬂuences patients’ perception of health
and quality of life.1 Studies suggest that patient-reported
outcomes (PROs) can predict future quality of life, morbidity and mortality in cardiac patients;2,3 however, not
all cardiac diagnoses have been covered in the research.
Patient-reported quality of life and anxiety/depression
scores provide important prognostic information independently of traditional clinical data, as better outcome
scores have been associated with longer survival in
patients with ventricular arrhythmias and coronary
artery disease.4,5 The connection between patientreported physical health and mortality and morbidity
has been established and it is important to note that
PROs may be better predictors of outcomes than healthcare staﬀ’s assessments or clinical measures.6 The association between patient-reported mental outcomes and
mortality and morbidity may be explained by both
physiological and behavioural processes. Psychological
factors stimulate the autonomic nervous system, which
triggers the production of catecholamine, increases
blood pressure, constricts coronary arteries and
increases platelet activity. Consequently, patients suﬀer
increased thrombogenesis, arrhythmogenesis, reduced
heart rate variability, myocardial ischaemia and
impaired ventricular function.7 Behavioural mechanisms
are another link between mental distress and cardiac disease. Individuals with anxiety have a more unhealthy
food intake, smoke more, consume more drugs and/or
alcohol, adhere less to treatment, sleep poorly and are
less physically active.8 These elements are risk factors
associated with the progression of cardiac disease.9
PROs may facilitate disease surveillance and quantify
populations’ health; however, additional research is
needed to understand better the predictive value of
PROs on mortality and cardiac events in cardiology.

Objectives
The objectives of this paper were to describe across cardiac diagnostic groups: (a) mortality and cardiac events
one year after hospital discharge; (b) PROs at hospital
discharge as a predictor of mortality and cardiac events.
(In this paper PROs refers to patients’ self-reported
symptoms of anxiety, symptoms of depression, perceived health, quality of life and symptom burden.)

Methods
Study design
The DenHeart study is a cross-sectional survey combined with follow-up data from national registers.
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All patients hospitalised at a heart centre were asked
to ﬁll out a questionnaire at hospital discharge to evaluate PROs across cardiac diagnostic groups. The methods have been thoroughly described in the published
study protocol.10

Setting and participants
Over one year (15 April 2013 to 15 April 2014) all
patients discharged or transferred from the ﬁve
Danish heart centres were included in the study.
Eligibility criteria. All patients were unselected and consecutively included. Patients under 18 years of age,
patients without a Danish civil registration number
and patients who did not understand Danish were
excluded from the study. For ethical reasons, patients
who were unconscious when transferred were also
excluded.
Recruitment. Patients were asked to complete and return
a questionnaire before they left the hospital or to do so
at home within three days of discharge and return it
by mail.
Patients were recruited by a ward nurse or by a
research assistant nurse. The questionnaire was distributed with a postage prepaid envelope for the return of
the questionnaire.

Ethics approval
The study complies with the Declaration of Helsinki.
According to Danish legislation, surveys are not
approved by an ethics committee system (H-4-2013FSP) but rather by the Danish Data Protection
Agency (2007-58-0015/30-0937). Use of register data
was permitted by the Danish National Board of
Health (FSEID-0001131). DenHeart is registered at
ClinicalTrials.gov (NCT01926145) and approved by
the institutional boards of the heart centres. Patients
signed an informed consent. All authors had full
access to all of the data in the study.

Variables
The DenHeart questionnaire consisted of ﬁve validated
questionnaires and a number of ancillary questions, a
total of 80 questions:
The short form-12 (SF-12), a brief measure of overall health status that generates a physical and a mental
component score ranging from 0 to 100, with higher
scores indicating better health status;11 the hospital
anxiety and depression scale (HADS), a 14-item questionnaire that assesses levels of anxiety and depression
in medically ill patients, HADS-anxiety (HADS-A) and
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HADS-depression (HADS-D), scores of 8–10 suggest
the presence of a mood disorder, scores of 11 or greater
indicate the probable presence of a mood disorder;12
EQ-5D, a standardised instrument for use as a measure
of current health status that provides a simple descriptive proﬁle and a single index value that can be used in
the clinical and economic evaluation of healthcare and
in population health surveys, higher scores indicate
better health status;13 HeartQoL, a disease-speciﬁc
questionnaire that measures quality of life in cardiac
patients and produces a global score and two subscales,
a physical scale and an emotional scale ranging from 0
to 3, with higher scores indicating better quality of life
status;14–16 and the Edmonton symptom assessment
scale (ESAS), a 10-item questionnaire that allows
patients to rate their symptoms on a visual numerical
scale, higher scores indicate the presence and intensity
of the symptoms,17 a total score of 25 or above indicates moderate distress, scores of 33 or above indicate
severe distress.18 The survey also included nine questions about health and health behaviour from the
Danish National Health Survey.19,20
Data from the following Danish national registers
were collected on all identiﬁed patients at baseline:
the Danish Civil Registration System,21 the Danish
National Patient Register,22 Danish education registers23 and Danish registers on personal income and
transfer payments.24
To combine questionnaire data with data from the
registers all questionnaires were matched with a hospital discharge from the National Patient Register.
Patients without a relevant cardiac diagnosis or cardiac
observation diagnosis were not counted among possible
respondents.
Respondents were divided into seven diagnostic
groups based on their primary International
Classiﬁcation of Disease, version 10, action diagnosis
obtained from the Danish National Patient Register.
The diagnostic groups were deﬁned as presented in
Supplementary File 1.
Information on comorbidity was obtained for all
patients from the National Patient Register going
back 10 years, not including the index discharge. Both
primary and secondary diagnoses were included. We
calculated the Tu comorbidity index25 utilising information on primary and secondary diagnoses from all
in and outpatient contacts 10 years back. The following
diseases are included in the Tu score: congestive heart
failure; cardiogenic shock; arrhythmia; pulmonary
oedema; malignancy; diabetes; cerebrovascular disease;
acute/chronic renal failure; chronic obstructive pulmonary disease. All diagnoses are weighted equal.
Follow-up data were collected from the Danish Civil
Registration System and the Danish National Patient
Register.
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Cardiac events were deﬁned as presented in
Supplementary File 1.

Study size
The study consisted of the total population of patients
discharged from the ﬁve heart centres during one year
in order to secure as high a level of speciﬁcity as possible. Patients admitted with lung disease and other
non-cardiac diseases were excluded.

Statistical methods
The incidence rates of mortality and cardiac events,
respectively, were calculated per 1000 person-years.
A total of 23 respondents was lost to follow-up in the
registers as they did not have an address in Denmark.
These were excluded from the analyses.
The associations between the PROs and the risk of
one-year all-cause mortality within one year of hospital
discharge were assessed using Cox proportional hazards models. Furthermore, the associations between
the PROs and risk of a (non-fatal) cardiac event
within one year of hospital discharge were also assessed
using Cox proportional hazards models. Follow-up was
continued until the ﬁrst relevant event (death or a cardiac event), emigration or end of follow-up. In the analyses, age was used as the underlying time scale, thus
treating age at discharge as the time of delayed entry.
All analyses were adjusted for sex, marital status, educational level, Tu co-morbidity score, smoking, body
mass index and alcohol intake. The proportional hazards assumption was checked graphically. Results are
reported as hazard ratios (HRs) with 95% conﬁdence
intervals (CIs). As missing data were more frequent for
the SF-12 outcomes than the other PROs, the following
diagnostic groups were pooled with the combined
group when analysing the SF-12 outcomes: patients
with heart valve disease and patients under observation
for heart disease.

Results
Participants
A total of 34,564 patients were discharged from the heart
centres during the study period. Most, 33,060, were eligible and 16,712 patients completed the questionnaire,
and one-year register follow-up was possible for 16,689
patients, Figure 1. The response rate was 51%.

Demographic profile
Demographic and clinical proﬁles for responders and
non-responders are presented in Table 1.
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Total population discharged from a
heart centre in the project period
(n =34,564)

Excluded (n =1,504):
- Not able to participate due to illness
(n =926)
- Not able to participate due to
language barrier (n =578)
Eligible patients
(n =33,060)
Non-responders (n =16,348):
No returned questionnaire (n =11,290)
Returned non-completed questionnaire:
- Did not want to participate (n =1,875)
- Questionnaire not handed out
(n =2,362)
- Returned blank questionnaire
(n =331)
- Other reason (not specified) (n =490)

Patients with completed questionnaire
(n =16,712)

Lost to follow-up
(n =23)

Ischemic heart
disease
(n =7,170)
Heart valve
disease
(n =974)

Arrhythmia
(n =4,316)

Heart failure
(n =987)

Heart
transplant
(n =136)

Congenital
heart disease
(n =115)

Other
diagnoses
(n =319)

Infectious
heart disease
(n =203)

Observation for
heart disease
(n =2,469)

Figure 1. Flow chart.

Mortality and cardiac events

Predictors of mortality

There were more deaths among non-responders than
responders (mortality rate per 1000 person-years 87
vs. 28). The number of deaths varied across the
diagnostic groups, with the highest mortality rate
among patients with heart failure and infectious
heart disease, Table 2. The one-year incidence rate
of myocardial infarction (MI) was 18 per 1000
person-years among responders. The incidence of
stroke, cardiac arrest, ventricular tachycardia/ventricular ﬁbrillation (VT/VF) and acute coronary
artery bypass grafting (CABG) among responders
was nine, four, 14 and 34 per 1000 person-years,
respectively, Table 2.

Anxiety measured by HADS seemed to be a strong
predictor of mortality across diagnostic groups
(Figure 2), as patients with a HADS-A score of 8 or
greater had almost double the mortality risk (HR 1.92,
95% CI 1.52–2.42) of patients with a HADS-A score
less than 8, Table 3. Depression measured by HADS
was also a strong predictor of mortality. Patients with a
HADS-D score of 8 or greater had a HR of 2.29 (95%
CI 1.81–2.90) compared to patients with a HADS-D
score less than 8. The estimates varied across the diagnostic groups, Table 3. For the physical component
scale SF-12 the estimates indicate that as patients’
self-reported health increased by one point on the

27/34
42/38

29/24
2/5
247/220

32/36
8/8
25/26
11/11
8/7
3/2
9/11
17/19
3/4
6/9

32/41
45/39

21/17
2/4
224/207

36/38
2/2
56/50
24/25
26/23
5/4
14/16
11/12
3/4
6/10

Responders/
nonresponders
4316/3525
65/60
63.6/65.2
65/54

Responders/
nonresponders

Arrhythmia

7170/6321
73/67
65.5/66.3
65/57

Responders/
nonresponders

All diagnoses

n
16,689/16,300
Male, %
67/62
Age, mean
64.3/64.5
Married, %
64/55
Educational level, %
Basic school
31/38
43/39
Upper secondary
or vocational
school
Higher education
24/19
No information
2/4
Income, mean in
229/210
1000 DKK
Co-morbidity 10 years back, %
Hypertension
34/36
Ventricular
4/4
arrhythmia
Ischaemic heart
41/37
disease
Myocardial
17/17
infarction
PCI
16/14
CABG
4/3
Diabetes without
12/13
complications
Heart failure
16/17
Renal disease
3/4
Chronic obstructive 7/10
pulmonary
disease

Characteristics

Ischaemic
heart disease

68/65
6/7
12/13

15/13
6/6
17/17

24/20

45/43

34/37
11/11

19/16
2/6
237/200

34/38
45/40

987/939
73/70
65.4/66.0
60/53

Responders/
nonresponders

Heart failure

10/12
6/4
7/11

2/1
2/0
5/8

2/5

10/11

15/14
3/3

22/17
4/5
203/185

39/42
36/36

115/218
47/56
43.9/41.8
44/33

Responders/
nonresponders

Congenital
heart
disease

10/11
4/7
4/5

3/4
6/4
11/11

6/6

17/21

27/29
4/2

25/25
4/5
218/230

28/31
43/39

203/403
75/68
59.4/58.5
66/53

Responders/
nonresponders

Infectious
heart
disease

Table 1. Demographic and clinical data for all patients treated, responders and according to diagnostic group.

19/21
5/3
8/12

10/8
4/4
13/13

10/12

33/34

39/45
2/2

20/19
2/5
198/204

40/41
39/35

974/956
66/58
71.2/71.9
60/55

Responders/
nonresponders

Heart
valve
disease

77/64
22/29
4/7

34/51
2/2
22/18

27/20

45/41

63/70
18/16

28/18
6/2
206/240

26/44
40/36

136/132
74/79
51.2/54.4
57/61

Responders/
nonresponders

Heart
transplant

10/10
3/4
9/13

7/7
2/3
6/9

4/8

25/23

46/40
2/2

26/18
2/4
207/199

24/38
49/40

319/679
61/61
61.4/65.8
62/53

Responders/
nonresponders

Other
diagnoses

6/8
2/3
6/8

(continued)

8/9
2/2
10/10

9/11

31/30

28/28
1/2

24/21
2/4
226/207

32/36
42/39

2469/3127
53/53
61.5/59.8
63/54

Responders/
nonresponders

Observed for
heart disease
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2
64
27
71
11
8

6
46
14
49
10
6

48/59
32/23
13/10
7/8
3
57
14
60
12
8

56/48
25/26
11/15
9/10
1
59
21
64
8
10

43/37
31/32
15/18
11/13

3
55
18
57
5
3

10/10
21/21
33/26
36/43

2
71
23
56
10
7

57/48
25/32
10/14
8/6

2
64
24
61
15
6

61/58
25/25
10/12
5/6

SE: standard error; PCI: percutaneous coronary intervention; CABG: coronary artery bypass grafting; BMI: body mass index.
a
Information about BMI, smoking and alcohol consumption was included in the DenHeart questionnaire. Therefore, these parameters are only presented for the responders.
b
The Danish National Board of Health defines the high-risk limit for alcohol consumption as a weekly intake of more than 21 standard drinks for men and more than 14 standard drinks for women.

1
63
23
61
11
7

17/17
27/26
32/31
24/26

Responders/
nonresponders
Responders/
nonresponders

Responders/
nonresponders

Responders/
nonresponders

Responders/
nonresponders

Responders/
nonresponders

Responders/
nonresponders

Responders/
nonresponders

1
70
26
73
15
8

Responders/
nonresponders

Observed for
heart disease

Other
diagnoses

Heart
transplant

Heart failure

Arrhythmia

18/22
49/42
23/23
10/13

Responders/
nonresponders

All diagnoses

Heart
valve
disease

Infectious
heart
disease

Congenital
heart
disease

58/54
27/27
10/12
6/7

Ischaemic
heart disease

Tu comorbidity score, %
0
44/44
1
32/30
2
15/16
3
8/10
Lifestyle factors, %a
BMI < 18.5, %
1
BMI  25, %
66
BMI  30, %
24
Ever smoked, %
67
Smokes daily, %
13
Alcohol intake
8
above high
risk limit, %b

Characteristics

Table 1. Continued
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23 (160)/
71 (427)

4 (58)/
4 (67)

14 (235)/
12 (181)

34 (539)/
31 (471)

Cardiac arrest

VT/VF

Acute CABG

66 (443)/
68 (390)

7 (50)/
7 (40)

4 (26)/
4 (27)

9 (61)/
14 (85)

3 (14)/
4 (13)

31 (128)/
32 (103)

3 (11)/
5 (15)

8 (32)/
16 (52)

7 (28)/
6 (21)

25 (108)/
105 (346)

12 (11)/
8 (7)

16 (15)/
5 (4)

*

*

*

9 (8)/
23 (19)
10 (9)/
13 (11)

*

35 (4)/
33 (7)

115/
218

Responders/
nonresponders

Congenital heart
disease

18 (17)/
24 (20)

79 (75)/
172 (144)

987/
939

Responders/
nonresponders

Heart
failure

CABG: coronary artery bypass grafting; MI: myocardial infarction; VF: ventricular fibrillation; VT: ventricular tachycardia.
*Fewer than three cases.

9 (143)/
15 (225)

Stroke

Incidence of cardiac events per 1000 person-years (no. of events)
MI
18 (296)/
33 (226)/
29 (439)
60 (349)

28 (466)/
87 (1,347)

Mortality rate per 1000
person-years (no. of
events)

4316/
3525

7170/
6321

16,689/
16,300

n

Responders/
nonresponders

Responders/
nonresponders

Responders/
nonresponders

Arrhythmia

Ischaemic heart
disease

All diagnoses

Table 2. Mortality and cardiac events one year after hospital discharge.

*
8 (3)

*

*

21 (4)/
17 (6)

16 (3)/*

72 (14)/
164 (58)

203/
403

Responders/
nonresponders

Infectious heart
disease

69 (62)/
49 (41)

9 (8)/
13 (11)

7 (7)/
3 (3)

14 (13)/
25 (21)

11 (10)/
10 (9)

54 (51)/
153 (133)

974/
956

Responders/
nonresponders

Heart valve
disease

*

*

*

*

*

30 (4)/
55 (7)

136/
132

Responders/
nonresponders

Heart
transplant

10 (3)/
6 (4)

*
6 (4)

*
8 (5)

10 (3)/
19 (12)

*
13 (8)

35 (11)/
122 (76)

319/
679

Responders/
nonresponders

Other
diagnoses

2 (5)/
4 (12)

12 (28)/
6 (19)

2 (4)/
2 (5)

8 (20)/
10 (29)

4 (10)/
10 (29)

16 (39)/
49 (149)

2469/
3127

Responders/
nonresponders

Observed for
heart disease
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Hospital discharge

Predicts
• Anxiety
• Depression

Mortality
after 1 year

• Quality of life
• Symptom burden

Cardiac events
after 1 year

Figure 2. Patient-reported health outcomes as predictors of mortality and cardiac events including all cardiac diagnoses in the
DenHeart study.

scale their mortality risk decreased by 5% (HR 0.95,
95% CI 0.94–0.96). Similarly, a one point increase on
the mental component scale meant a 3% decrease in
mortality risk (HR 0.97, 95% CI 0.95–0.98), Table 3.
In the three groups, heart valve disease, combined
group and observation for heart disease there were
not enough events to comply with the statistical
model. However, when combining the groups, the estimate for the physical component scale was HR of 0.95
(95% CI 0.92–0.97) and for the mental component scale
HR of 0.97 (95% CI 0.95–0.99) indicating a similar
association between scores and mortality across the
three groups.
Regarding health-related quality of life measured by
EQ-5D, an increase of 0.1 on the scale meant a 24%
decrease in mortality risk (HR 0.76, 95% CI 0.71–
0.80). Estimates for all diagnostic groups are presented
in Table 3. Similarly, disease-speciﬁc quality of life measured by the HeartQoL showed a 54% decrease in mortality risk with a one point increase on the scale, Table 3.
Furthermore, the mortality risk seemed to increase
with increasing severity of symptoms across the diagnostic groups. Patients with severe symptom distress
had almost 2.5 times the mortality risk of patients
with low symptom distress (HR 2.47, 95% CI 1.92–
3.19), Table 3.
There is almost no diﬀerence between the unadjusted
and adjusted estimates (Supplementary File 2) indicating that the associations between PROs and mortality
cannot be explained by age, sex, marital status, educational level, comorbidity, smoking, BMI and alcohol
intake.

Predictors of cardiac events
Both anxiety HADS-A and depression HADS-D
seemed to predict cardiac events (MI, stroke, cardiac
arrest, VT/VF, acute CABG) (Figure 2) as patients with
symptoms of anxiety had a 16% increase in the risk of
cardiac events (HR 1.16, 95% CI 1.01–1.34) and
patients with symptoms of depression had a 20%
increased risk (HR 1.20, 95% CI 1.02–1.42) (Table 4).
Also, the physical component scale of the SF-12
seemed to predict cardiac events as a one point increase
on the scale meant a 3% decrease in cardiac event risk
(HR 0.97, 95% CI 0.96–0.98) across all diagnostic
groups, Table 4.
Furthermore, health-related quality of life measured
by EQ-5D predicted cardiac events. A 0.1 point increase
in the score meant an 11% decrease in the cardiac event
risk (HR 0.89, 95% CI 0.85–0.92), Table 4.
Disease-speciﬁc quality of life measured by the
HeartQoL questionnaire showed a 29% decrease in
cardiac event risk, with a one point increase on the
score (HR 0.71, 95% CI 0.65–0.77), Table 4.
Symptom distress also predicted cardiac events, as
patients with moderate symptom distress had a 28%
greater risk of cardiac events compared to patients
with low symptom distress (HR 1.28, (95% CI 1.04–
1.57). Similarly, patients with severe symptom distress
had an almost 60% greater risk of cardiac events compared to patients with low symptom distress (HR 1.58,
95% CI 1.35–1.85), Table 4.
The above results applied for the combined analyses
of all diagnostic groups. Looking at the diagnostic

1.76
(1.17–2.65)*
3.28
(2.16–4.98)*
0.95
(0.93–0.97)*
0.98
(0.96–1.00)
0.81
(0.73–0.91)*
0.62
(0.46–0.82)*

1
0.84
(0.42–1.70)
1.73
(1.09–2.73)*

1.92
(1.52–2.42)*
2.29
(1.81–2.90)*
0.95
(0.94–0.96)*
0.97
(0.95–0.98)*
0.76
(0.71–0.80)*
0.46
(0.39–0.54)*

1
1.50
(1.04–2.16)*
2.47
(1.92–3.19)*

HR (CI)b

HR (CI)b

1
2.91
(1.39–5.68)*
3.27
(1.83–5.84)*

2.80
(1.69–4.64)*
3.08
(1.83–5.18)*
0.95
(0.92–0.98)*
0.94
(0.92–0.97)*
0.72
(0.63–0.82)*
0.42
(0.30–0.59)*

HR (CI)b

Arrhythmia

1
1.65
(0.58–4.68)
4.60
(2.27–9.32)*

2.10
(1.14–3.87)*
1.69
(0.88–3.25)
0.95
(0.92–0.99)*
0.96
(0.93–0.99)*
0.69
(0.59–0.80)*
0.40
(0.25–0.65)*

HR (CI)b

Heart failure

0.55
(0.40–0.77)*
0.16
(0.06–0.40)*

0.90
(0.72–1.14)
0.61
(0.35–1.06)

1
4.88
(0.89–26.90)
7.15
(2.11–24.21)*

NA

NA

1
1.51
(0.49–4.66)
1.51
(0.66–3.46)

2.96
(1.03–8.51)*
3.58
(1.14–11.22)*
NA

HR (CI)b

Combined groupa

1.28
(0.56–2.91)
0.88
(0.36–2.14)
NA

HR (CI)b

Heart valve disease

1
1.18
(0.30–4.63)
2.10
(0.82–5.38)

0.64
(0.50–0.81)*
0.29
(0.15–0.57)*

NA

3.15
(1.31–7.61)*
1.85
(0.74–4.62)
NA

HR (CI)b

Observed for
heart disease

HADS-A: hospital anxiety and depression scale – anxiety; HADS-D: hospital anxiety and depression scale – depression; HR: hazard ratio; CI: 95% confidence interval; MCS: mental component scale; PCS:
physical component scale.
a
This group consists of patients with congenital heart disease, infectious heart disease, heart transplant and other small diagnostic groups.
b
Cox regression adjusted for age, sex, marital status, educational level, TU co-morbidity score, smoking, body mass index and alcohol intake.
*Significance level set at 0.05.
In the diagnostic groups marked NA there were not enough deaths to conduct the statistical analyses.

Severe

SF-12, PCS
Index score per 1 point
SF-12, MCS
Index score per 1 point
EQ-5D
Index score per 0.1 point
HeartQoL
Global
Index score per 1 point
Symptom distress scale:
Low
Moderate

HADS-D  8 vs. HADS-D < 8

HADS-A  8 vs. HADS-A < 8

Ischaemic heart disease

All patients

Table 3. Predictors of mortality one year after hospital discharge.
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1.05
(0.87–1.25)
1.23*
(1.00–1.51)
0.97*
(0.96–0.98)
1.00
(0.99–1.01)
0.89*
(0.84–0.93)
0.75*
(0.67–0.83)

1
1.13
(0.86–1.48)
1.51*
(1.25–1.84)

1.16*
(1.01–1.34)
1.20*
(1.02–1.42)*
0.97*
(0.96–0.98)
1.00
(0.99–1.01)
0.89*
(0.85–0.92)
0.71*
(0.65–0.77)

1
1.28*
(1.04–1.57)
1.58*
(1.35–1.85)

HR (CI)c

HR (CI)c

1
1.65*
(1.03–2.65)
1.59*
(1.06–2.40)

1.24
(0.88–1.74)
1.19
(0.79–1.80)
0.98
(0.97–1.00)
1.00
(0.98–1.02)
0.89*
(0.80–0.98)
0.71*
(0.57–0.88)

HR (CI)c

Arrhythmia

1
0.58
(0.19–1.79)
1.26
(0.59–2.70)

0.99
(0.49–2.02)
0.96
(0.41–2.26)
0.99
(0.95–1.03)
0.99
(0.96–1.02)
1.04
(0.81–1.33)
0.92
(0.58–1.46)

HR (CI)c

Heart failure

1
1.00
(0.47–2.14)
0.83
(0.46–1.49)

1.33
(0.77–2.27)
1.09
(0.59–2.01)
0.97
(0.94–1.00)
1.02
(0.99–1.04)
1.07
(0.89–1.29)
0.99
(0.70–1.40)

HR (CI)c

Heart valve disease

1
2.21*
(1.03–4.75)
2.00*
(1.11–3.64)

1.56
(0.92–2.65)
0.89
(0.45–1.77)
0.98
(0.95–1.01)
0.98
(0.95–1.01)
0.89
(0.78–1.03)
0.73
(0.51–1.02)

HR (CI)c

Combined groupb

HADS-A: hospital anxiety and depression scale – anxiety; HADS-D: hospital anxiety and depression scale – depression; HR: hazard ratio; CI: 95% confidence interval; MCS: mental component scale; PCS:
physical component scale.
a
Cardiac events are defined as: myocardial infarction, stroke, cardiac arrest, ventricular tachycardia/ventricular fibrillation and acute coronary artery bypass grafting.
b
This group consists of patients with congenital heart disease, infectious heart disease, heart transplant, observation for heart disease and other small diagnostic groups.
c
Cox regression adjusted for age, sex, marital status, educational level, TU co-morbidity score, smoking, body mass index and alcohol intake.
*Significance level set at 0.05.

Severe

SF-12, PCS
Index score per 1 point
SF-12, MCS
Index score per 1 point
EQ5D
Index score per 0.1 point
HeartQoL
Global
Index score per 1 point
Symptom distress scale:
Low
Moderate

HADS-D  8 vs. HADS-D < 8

HADS-A  8 vs. HADS-A < 8

Ischaemic heart disease

All patients

Table 4. Predictors of cardiac eventsa one year after hospital discharge.
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groups separately, the same tendency was found, however, few were signiﬁcant.

Discussion
This study found that patient-reported anxiety, depression, quality of life and symptom burden were predictors of mortality, and quality of life and symptom
burden were predictors of cardiac events across cardiac
diagnostic groups.

Strengths and weaknesses
Patients who were too ill or did not speak or understand Danish were excluded. As the most seriously ill
patients were not able to participate in the survey the
responding patients may not be completely representative of the total target population. The proportions of
patients in each diagnostic group are similar among
responders and the total population. Furthermore,
responders and non-responders have similar demographic and clinical characteristics.1
Study population. The ﬁve heart centres treat the most
critically ill cardiac patients in Denmark. The chronic
and terminally ill cardiac patients were underrepresented in the DenHeart study.
Variables. The majority of the outcome measures included
in the questionnaire were validated and standardised
instruments used to assess PROs, which enhances the
validity of results. However, in the interpretation of the
results, it must be taken into account that patients with
diﬀerent cardiac conditions also diﬀer regarding how
much their health status and/or health behaviour had
changed prior to admission to hospital, and that some
of the instruments have long recall, up to four weeks.
Confounding factors. Self-reported outcomes are by
nature not objective, and therefore sources of bias
may exist. Social desirability bias can be an issue, as
respondents answer according to what they believe is
socially acceptable.26,27 The National Patient Register
is known internationally to be the most comprehensive
of its kind and is a very important register for biomedical and public health research.22
Non-response. Age and socioeconomic position play a
signiﬁcant role for non-response. Also, regional diﬀerences of about 15% in response rates have been documented.20,28 The patients treated at the heart centres
are often old and severely ill, which may be reﬂected
in the response rate of 51%.
Even though the responders and the non-responders
were similar regarding demographic data, a much
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higher mortality rate was found among non-responders. It is natural that the most severely ill would be
overrepresented among non-responders.
Outcomes. The study population is large and attempts
to include all patients. Power is suﬃcient for the total
population; however, some of the diagnostic groups
were too small and did not have enough events to conduct statistical analyses. The congenital heart disease,
infectious heart disease, heart transplant and other
small diagnostic groups were gathered together in a
new combined group used in the regression analyses.

Interpretation and implications
The study had three key ﬁndings. First, PRO scores
indicating anxiety, depression, poor quality of life and
moderate/severe symptom burden are all independent
predictors of mortality, and poor quality of life and
moderate/severe symptom burden are also predictors
of cardiac events. The second interesting point is that
there is very little diﬀerence in the predictive value of
PROs between diagnostic groups, indicating that this
phenomenon could be considered a clinical marker for
all cardiac patients. The third key ﬁnding is that the
unadjusted and adjusted values are almost identical,
strengthening the reliability of the associations being
real and not just reﬂections of other known risk factors
or morbidity.
Anxiety and depression measured by HADS has previously been linked to mortality in selected cardiac
diagnostic groups, e.g. patients undergoing CABG surgery,29 coronary syndrome and stable angina
pectoris.30–33 In heart failure an association with mortality was previously found for depression,34 which
stands in contrast to our study in which anxiety but
not depression was associated with mortality in heart
failure. In patients with MI depressive symptoms were
found to be independent prognostic risk factors for
mortality; however, as in our study not for cardiac
events.35 In contrast, an association between anxiety
and cardiac events after ﬁve-year follow-up was found
in patients with MI.36 Symptoms of anxiety and depression have also been found to be the single biggest driver
of healthcare costs three years after index admission in
patients with coronary heart disease,37 indicating an
association with comorbidity or potentially preventable
hospital admissions caused by mental distress, which
could explain why no association with cardiac events
was found in our study.
Also, perceived health measured by SF-36 as a predictor of mortality has previously been investigated in
selected cardiac groups. An association between PCS,
but not MCS, and mortality was found in patients with
coronary artery disease38 and in persons being
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evaluated for primary cardiac prevention.39 In our
study, we found associations with mortality in both
the physical and mental domain; however, not for all
diagnostic groups.
For quality of life measured by HeartQoL our ﬁndings are conﬁrmed by one study investigating patients
with ischaemic heart disease in an outpatient setting, in
which a signiﬁcant linear relationship was found to ﬁveyear mortality.40
The ESAS scale was originally developed for palliative care, but the use is extended to several diagnostic
groups. We found symptom distress to be a strong predictor of mortality in several groups. No previous studies investigated this in cardiology; however, the
association with mortality was also found in patients
with cancer.41
Our study adds to the body of evidence by including
all cardiac diagnostic groups in one study design; PRO
at hospital discharge – and mortality and cardiac events
at one-year follow-up. The previous studies are smaller
with varying adjustments, data collection time points
and follow-up time in many selected populations.
The PROs used in this study cover diﬀerent clinical
outcomes. Some, SF-12, EQ-5D, HeartQoL and ESAS
reﬂect physical health, and the connection between perceived physical health and mortality and morbidity
may not be surprising. However, it should be noted
as a potentially useful screening tool, integrating
PROs into individualised medical care in clinical practice. The most noticeable ﬁnding is that the mental factors, anxiety and depression are strong independent
predictors of mortality across several diagnoses. This
adds signiﬁcant evidence to the autonomic stress–
response theory as a likely explanation for the association.7 Mental factors have proved to be as important
as or more important than traditional risk factors such
as blood pressure, diabetes, exercise and cholesterol in
cardiac disease development.9 With the present results,
the connection to survival and cardiac events is also
established across cardiac diagnoses and adds to previous research linking patient-reported psychological
outcomes to mortality.

Generalisability
This national study was carried out in Denmark where
international guidelines for treatment are followed. The
response rate was 51%, which is not unexpected in a
population of severely ill patients; however, this may
cause concerns regarding representativeness.

Conclusion
Among the 16,689 responders the one-year mortality
rate was 28 per 1000 person-years (total of 466).

European Journal of Preventive Cardiology 0(00)
The incidence among responders per 1000 personyears of stroke was nine, cardiac arrest four, VT/VF
14 and acute CABG 34. The incident rate among
non-responders was generally higher. Patient-reported
anxiety, depression, quality of life and symptom burden
were predictors of mortality, and quality of life and
symptom burden were predictors of cardiac events
across cardiac diagnostic groups.
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