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Abstract
Purpose  While several studies have investigated clinical outcomes following coronary artery bypass grafting (CABG) vs. per-
cutaneous coronary intervention (PCI), studies investigating self-reported health and the association with adverse outcomes 
are limited. Thus, the aim was to investigate differences in health-related quality of life (HRQoL), anxiety and depression 
at discharge and the association with a composite endpoint of the first event of acute cardiac readmission, revascularisation 
or 1-year mortality among patients undergoing CABG vs. PCI.
Methods  Data from the national cohort study, DenHeart, were used, including measures of HRQoL; EuroQoL-5D-5L 
(EQ-5D Index Score and VAS) and HeartQoL (Global, Physical and Emotional), anxiety and depression (Hospital Anxi-
ety and Depression Scale, HADS) and register-based follow-up. A total of 7000 patients were included (CABG n = 652, 
PCI n = 6348) (median age 65, 75% men). Cox Proportional Hazard models were performed among a propensity-matched 
population of responders (n = 520).
Results  HRQoL was significantly better among patients undergoing PCI vs. CABG, but with no differences in time to read-
mission or revascularisation. HRQoL, anxiety and depression were significantly associated with the risk of the composite 
endpoint among the PCI group (Hazard Ratio, HR (95% confidence intervals, CI) [EQ-5D index score 3.07 (1.67–5.67), 
EQ-5D VAS 0.97 (0.96–0.99), HeartQol Global 0.61 (0.38–0.95), HeartQol Emotional 0.56 (0.39–0.80), HADS-D ≥ 8 3.12 
(1.61–6.01), HADS-A ≥ 8 2.08 (1.14–3.80)].
Conclusion  Patients undergoing PCI reported better HRQoL at discharge compared with patients undergoing CABG, whereas 
readmission rates were similar. Self-reported health was associated with the risk of adverse events among patients undergo-
ing PCI, but not among patients undergoing CABG.
Clinical trial registration  NCT01926145.

Keywords  Coronary artery bypass grafting · Percutaneous coronary intervention · Quality of life · Anxiety · Depression · 
Cardiac readmission

Introduction

Coronary artery disease (CAD) remains the most common 
cardiovascular disease, and despite improvements in treat-
ment and increased survival, it is still associated with sig-
nificant morbidity and mortality [1]. A cornerstone in the 
treatment of CAD includes medical treatment and revas-
cularisation with coronary artery bypass grafting (CABG) 
or percutaneous coronary intervention (PCI) [2]. Both pro-
cedures are indicated for relief of symptoms and prolon-
gation of life among patients with ischemic heart disease 
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[2, 3]. The choice of treatment depends on the severity of 
symptoms, anatomical complexity, comorbidities, surgi-
cal risk–benefit ratio and patient preferences [2]. In acute 
coronary syndrome and among patients with stable coro-
nary disease, PCI is the most frequently used revasculari-
sation strategy [4], while CABG is particularly beneficial 
among patients with complex diseases and comorbidities 
[3]. When comparing outcomes following CABG vs. PCI, a 
recent propensity-matched observational study demonstrated 
lower 5-year mortality and lower readmission rates in favour 
of the CABG population [5]. Similar findings have been 
demonstrated in randomised trials; the NOBLE, EXCEL 
and the SYNTAX study, indicating either no difference or 
lower mortality and/or revascularisation rates after CABG, 
compared to PCI [6–8].

Revascularisation is performed to improve survival, 
symptoms and quality of life [2]. However, when investi-
gating differences in self-reported health status, including 
health-related quality of life (HRQoL) after CABG vs. 
PCI, current results differ [9–13]. In a short-term perspec-
tive (1-month post-procedure), several studies indicate that 
HRQoL is significantly better among patients undergoing 
PCI compared to CABG [9, 11–13]. Contrary, on the long 
term (3–5 years post procedure), studies have demonstrated 
similar scores of HRQoL among the two groups [9, 10, 
12], whereas others again have found a significantly better 
HRQoL among the CABG group compared to the PCI group 
[11, 13]. Consistent results are lacking.

The association between HRQoL, anxiety and depres-
sion, and outcomes after either CABG or PCI have been 
investigated in several studies, separately [14–21]. Among 
patients undergoing CABG, previous studies have suggested 
an association between symptoms of anxiety, depression 
and all-cause mortality [14–16]. Similarly, among patients 
undergoing PCI, symptoms of anxiety or depression have 
shown to be associated with readmission, revascularisation 
and mortality rates, [17–21] yet, no studies have compared 
the associations between worse HRQoL, symptoms of anxi-
ety and depression and the risk of readmission, revasculari-
sations and mortality among patients undergoing CABG 
vs. PCI in one combined study. Identifying and address-
ing health issues reported by patients may be valuable in 
risk management, as patient-reported outcomes are known 
to reliably be associated with adverse outcomes. Thus, the 
main objective in patients undergoing CABG vs. PCI was 
to investigate the association between HRQoL, anxiety and 
depression and adverse events within 1 year after discharge. 
Adverse events were defined as a composite endpoint of the 
first event of acute cardiac readmission, revascularisation or 
mortality within 1 year.

Methods

Study design

The current study was a sub-study based on data from 
the DenHeart study. The design of the DenHeart study is 
described in detail elsewhere [22]. In brief, the DenHeart 
study is a national cross-sectional cohort study, includ-
ing a survey with patient-reported outcomes measured at 
discharge and combined with register-based clinical and 
socio-demographic variables and register-based follow-up. 
The overall aim of the DenHeart study was to investigate 
self-reported health status, including HRQoL, symptom 
burden, anxiety and depression, and the associations with 
adverse outcomes in general.

Setting and participants

All patients discharged or transferred from one of five 
Danish Heart centres, between April 15, 2013 and April 
15, 2014, were consecutively offered participation in the 
DenHeart study. At hospital discharge (baseline), patients 
were requested to fill out a questionnaire by the ward 
nurse. Written consent was collected alongside the ques-
tionnaire. Patients who were transferred to a local hospital 
were encouraged to fill out the questionnaire at final dis-
charge. The survey included different instruments meas-
uring various patient-reported outcomes. In the current 
study, three instruments were included; two instruments 
measuring HRQoL and one instrument measuring symp-
toms of anxiety and symptoms of depression. Patients 
either returned the questionnaire at discharge or by mail 
within 3 days after discharge. A prepaid postage envelope 
was distributed alongside the questionnaire.

In the current study, we included patients based on 
their surgical or interventional procedure codes (Nordic/
NOMESCO Classification of Surgical Procedures) [23]; 
CABG: KFNA, KFNB, KFNC, KFND, KFNE and PCI: 
KFNG (KFNG00-KFNG05A).

Patients were excluded if they met one of the following 
criteria: patients under the age of 18, patients who did 
not understand Danish or patients without a Danish civil 
registration number. Patients were also excluded for ethi-
cal reasons if they were too severely ill to participate, or 
unconscious upon transfer to another department.



3019Quality of Life Research (2020) 29:3017–3029	

1 3

Data sources

Clinical and socio‑demographic data

The following clinical and socio-demographic data were 
obtained: sex, age, marital status, educational level, type 
of index procedure, type of hospital stay (acute or planned) 
and comorbidity in the last 10 years (hypertension, ven-
tricular arrhythmia, arrhythmia, myocardial infarction, 
diabetes, heart failure, renal disease, chronic obstruc-
tive pulmonary disease, prior CABG and prior PCI). The 
data were obtained from the following Danish registers: 
The Danish Civil Registration System [24], The Danish 
National Patient Register (NPR) [25] and The Danish Edu-
cation Register [26]. ICD-10 codes of comorbidity were 
obtained from the NPR. To evaluate comorbidity, informa-
tion from the last 10 years (excluding the index admission) 
was obtained from the NPR, and a Tu-comorbidity index 
score was calculated based on the information obtained 
[27]. The Tu-comorbidity index score includes the fol-
lowing comorbidities: arrhythmia, cardiogenic shock, 
congestive heart failure, pulmonary oedema, malignancy, 
diabetes, cerebrovascular diseases, chronic obstructive 
pulmonary disease, acute and chronic renal failure. The 
score was calculated for the last 10 years, and all diagno-
ses were weighted equally.

Outcomes

Readmissions were based on data from the NPR and defined 
as an unplanned admission occurring more than 24 h after 
index discharge. Only cardiac readmissions occurring within 
1 year were included. Revascularisations (acute, sub-acute 
and stated procedures performed within the first year) were 
included based on procedure codes from the NPR (Supple-
mentary Table S1). In addition, 1-year all-cause mortality, 
including date of death, was obtained from The Danish Civil 
Registration System.

Patient‑reported outcome measures

Self-reported health status was measured with the follow-
ing patient-reported outcomes measurements: the EuroQol 
5 Dimensions 5 Levels Questionnaire (EQ-5D 5L, in the fol-
lowing mentioned as EQ-5D) [28], the HeartQoL [29–31], 
the Hospital Anxiety and Depression Scale (HADS) [32] and 
four ancillary questions regarding height, weight, smoking 
status (ever smoker) and alcohol intake above the national 
recommendation.

The ED-5Q measures current generic health and pro-
vides two scores, an index score and a visual analogue scale 
(VAS) score. The index score comprises questions covering 
five-health dimensions: mobility, self-care, usual activities, 

pain/discomfort and anxiety/depression. The index score 
ranges from 0 to 3 and the VAS score from 0 to 100 [28]. 
Higher scores indicate better health status on both scores. A 
Cronbach’s alpha of 0.73 for EQ-5D index score has been 
demonstrated in patients with ischemic heart disease [33].

The HeartQoL is a disease-specific 14-item questionnaire, 
measuring HRQoL in cardiac patients. The instrument has a 
4-week recall, meaning that the patients’ answers are related 
to symptoms within the past 4 weeks. The score is divided 
into a global score and two subscales, a physical and an emo-
tional scale, scoring from 0 to 3 on all scales. A high score is 
associated with a better HRQoL status [29–31]. Cronbach’s 
alphas of 0.92, 0.91 and 0.87 for the global, physical and 
emotional subscale scores, respectively, have been shown 
in patients with stable CAD [34].

HADS is a measure of symptoms of anxiety and depres-
sion, with 1-week recall. The scale consists of 14 items, 
divided into two sub-scores, an anxiety score (HADS-A) 
and a depression score (HADS-D). The scales are summa-
rised from 0 to 21, with a cut-off score ≥ 8 representing the 
presence of anxiety (HADS-A ≥ 8) or depression (HADS-
D ≥ 8) [32]. A Cronbach’s alpha of 0.82 for HADS-A and 
0.74 for HADS-D in patients with ischemic heart disease 
have previously been demonstrated [33]. In the following, 
symptoms of anxiety and depression measured with HADS 
will be described as “anxiety” and “depression”.

Ethics

The DenHeart study was approved by the Danish Data 
Protection Agency (2007-58-0015/30-0937) and complies 
with the principles outlined in the Declaration of Helsinki 
[35] The DenHeart study is registered at ClinicalTrails.
gov (NCT01926145). According to Danish legislation, this 
type of study does not require approval from a local eth-
ics committee. Written consent was collected alongside the 
questionnaire.

Statistical methods

Continuous variables were tested for normality using the 
Shapiro–Wilks test. No continuous variables were normally 
distributed, and thus, presented as the median and the inter-
quartile range (IQR, the 25th and the 75th percentile). Dif-
ferences among groups were compared using a Mann–Whit-
ney U test. Categorical variables were expressed as the 
number of patients and percentages and compared using the 
X2 test or Fisher’s exact test if categorical variables only 
included five or fewer observations.

First, to reduce possible bias from confounding vari-
ables and control for selection bias among the two groups 
(CABG vs. PCI), a propensity score matching was per-
formed, as outlined by Rosenbaum and Rubin [36]. The 



3020	 Quality of Life Research (2020) 29:3017–3029

1 3

propensity matching was performed among the responders, 
as an optimal nearest-neighbour matched propensity score 
with a calliper width of 0.00005 SD and a 1:1 matching 
without replacement. The following variables were included 
in the model: Sex, age, acute/unplanned index admission, 
procedure (CABG/PCI), marital status, hypertension, dia-
betes, renal disease, both procedures during the same index 
admission, myocardial infarction and being a responder. 
The variables were chosen based on differences among the 
unmatched populations, but also variables assumed to be 
related to outcome [37]. To validate the matching process 
and group-balance, descriptive statistics were used.

Second, to investigate time to first, unplanned, cardiac 
readmission (or revascularisation) among the two groups 
of responders (CABG vs. PCI), the cumulative incidence 
function was estimated using the Fine and Gray cumulative 
incidence function (a proper summary statistics for analysing 
competing risk data) [38]. The cumulative incidence func-
tion was based on a univariable proportional hazard model 
with death as a possible competing risk and visualised with 
incidence curves [39].

Cox proportional hazard regression models were per-
formed to investigate the association between HRQoL 
(EQ-5D and HeartQol), anxiety and depression (HADS-A, 
HADS-D) and adverse events after discharge among the two 
groups. Adverse events were defined as a composite end-
point of the first event of acute cardiac readmission, revas-
cularisation or all-cause mortality within 1 year. The models 
were adjusted for sex, age, COPD, prior PCI and current 
smoking status. Results are presented as hazard ratios (HR) 
with 95% confidence intervals (CI). Due to a small sample 
size, and thus, limited possibilities of including all poten-
tial confounders, the models were performed with different 
adjustments as sensitivity analyses. In the sensitivity analy-
ses, prior CABG and arrhythmia were included as potential 
confounders.

The p value was set at a 5% significance level. The analy-
ses were performed using STATA 15.1 (StataCorp LLC, 
Texas, USA).

Results

Patients and baseline demographics

During the 1-year study period, 662 and 6630 patients 
underwent CABG or PCI, respectively. In total, 292 were 
excluded, resulting in a total population of 7000 patients 
(CABG n = 652 and PCI n = 6348), as shown in Fig. 1. Of the 
total population, 3681 patients completed the questionnaire 
(response rate of 53%, CABG 49% vs. PCI 53%, p = 0.049). 
Differences among responders and non-responders are 
shown in Supplementary Table S2. In brief, non-responders 

were more often female, less likely to be married and more 
had COPD and a higher Tu-comorbidity score. Also, in the 
PCI group, non-responders had a lower level of education 
and were more likely to be admitted acutely.

Among the total population, the median age was 65 years, 
75% were men and 47% were acutely admitted. There were 
several differences in socio-demographic and clinical char-
acteristics among patients receiving CABG vs. PCI before 
matching (Table 1).

The propensity-matched population consisted of 520 
responders, 260 patients in each group. The propensity 
matching successfully eliminated most differences in socio-
demographic and clinical characteristics, except for prior 
CABG (CABG < 1% vs. PCI 6%, p < 0.001), prior PCI 
(CABG 15% vs. PCI 22%, p = 0.042), arrhythmia (CABG 
8% vs. PCI 13%, p = 0.032), COPD (CABG 3% vs. PCI 7%, 
p = 0.016) and proportion of daily smokers (CABG 4% vs. 
PCI 12%, p = ≤ 0.001), as shown in Table 1.

Health‑related quality of life, anxiety 
and depression

Table 2 depicts differences in HRQoL, anxiety and depres-
sion among the two groups at discharge. CABG patients 
were characterised by a lower EQ-5D index score, EQ-5D 
VAS score, HeartQol (global, physical and emotional) 
scores and a lower continuous score of HADS-D compared 
with the PCI group (Table 2). Also worth highlighting is 
the seemingly high proportions of patients with anxiety and 
depression in both groups; 36% of the patients in the CABG 
group reported anxiety (HADS-A ≥ 8) vs. 33% in the PCI 
group (p = 0.429). Depression (HADS-D ≥ 8) were reported 
among 22% of the CABG group and 17% of the PCI group 
(p = 0.225) (Table 2). There were no differences in anxiety 
and depression among groups.

Readmission, mortality and revascularisations

In the propensity-matched population of responders, 23% 
in the CABG group vs. 19% in the PCI group experienced 
an acute, cardiac readmission (p = 0.332). During follow-up 
(1 year), less than five patients in the CABG group (< 1%) 
underwent repeated revascularisation compared vs. 24 
patients in the PCI group (9%), p < 0.001. In contrast, mor-
tality rates were similar p = 0.704 (Table 3). Time to the 
first event of acute, cardiac readmission or revascularisa-
tion with death as a possible competing risk did not differ 
among groups (p = 0.237), as shown in Fig. 2. Data for the 
total unmatched population are shown in Supplementary 
Table S3. The two unmatched groups (CABG vs. PCI) were 
statistically significantly different in planned readmission 
and revascularisations.
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Health‑related quality of life, anxiety 
and depression, and the risk of adverse events

In the CABG group neither HRQoL, anxiety nor depres-
sion were associated with the adverse event in the 
adjusted analyses. In contrast, patients in the PCI group 
with depression (HADS-D ≥ 8) had a three-fold higher 
1-year risk of experiencing the composite endpoint (HR 
3.12, 95% CI 1.61–6.01, p = ≤ 0.001) and a two-fold 

increased 1-year risk in those with anxiety (HADS-
A ≥ 8) (HR 2.08, 95% CI 1.14–3.80, p = 0.017). In addi-
tion, among the PCI population, patients reporting scores 
within the worst quartile of the EQ-5D index score had a 
higher 1-year risk of the composite endpoint (HR 3.07, 
95% CI 1.67–5.67, p < 0.001) and better scores of EQ-5D 
VAS and HeartQoL (global and emotional) reduced the 
1-year risk of the composite endpoint (EQ-5D VAS, HR 
0.97, 95% CI 0.96–0.99, p = ≤ 0.001, Global, HR 0.61 

Fig. 1   Patient Flowchart. CABG 
coronary artery bypass grafting, 
PCI percutaneous coronary 
intervention



3022	 Quality of Life Research (2020) 29:3017–3029

1 3

Ta
bl

e 
1  

B
as

el
in

e 
ch

ar
ac

te
ris

tic
s a

m
on

g 
pa

tie
nt

s u
nd

er
go

in
g 

CA
B

G
 o

r P
C

I—
th

e 
to

ta
l p

op
ul

at
io

n 
an

d 
a 

pr
op

en
si

ty
-m

at
ch

ed
 p

op
ul

at
io

n

To
ta

l p
op

ul
at

io
n 

(n
 =

 70
00

)
Pr

op
en

si
ty

-m
at

ch
ed

 p
op

ul
at

io
n 

(r
es

po
nd

er
s)

 (n
 =

 52
0)

CA
B

G
 (n

 =
 65

2)
PC

I (
n =

 63
48

)
p 

va
lu

e
CA

B
G

 (n
 =

 26
0)

PC
I (

n =
 26

0)
p 

va
lu

e

So
ci

o-
de

m
og

ra
ph

ic
 c

ha
ra

ct
er

ist
ic

s
  S

ex
 [m

al
e,

 n
 (%

)]
54

2 
(8

3)
47

10
 (7

4)
<

 0.
00

1
22

5 
(8

7)
21

9 
(8

4)
0.

45
6

  A
ge

, y
ea

rs
 (m

ed
ia

n,
 IQ

R
)

67
 (6

1–
73

)
66

 (5
7–

74
)

<
 0.

00
1

66
 (6

1–
71

)
67

 (6
0–

72
)

0.
65

6
  M

ar
rie

d,
 n

 (%
)

42
6 

(6
5)

38
51

 (6
1)

0.
02

0
19

0 
(7

3)
19

1 
(7

3)
0.

92
1

 E
du

ca
tio

na
l l

ev
el

, n
 (%

)*
  B

as
ic

 sc
ho

ol
27

9 
(4

4)
26

98
 (4

4)
0.

63
8

10
8 

(4
3)

89
 (3

6)
0.

21
5

  U
pp

er
 se

co
nd

ar
y 

or
 v

oc
at

io
na

l S
ch

oo
l

25
6 

(4
0)

23
36

 (3
8)

10
8 

(4
3)

11
3 

(4
5)

  H
ig

he
r e

du
ca

tio
n

10
1 

(1
6)

10
29

 (1
7)

38
 (1

5)
48

 (1
9)

C
lin

ic
al

 c
ha

ra
ct

er
ist

ic
s

 T
yp

e 
of

 h
os

pi
ta

l s
ta

y,
 n

 (%
)*

  A
cu

te
47

 (7
)

32
22

 (5
2)

<
 0.

00
1

27
 (1

0)
27

 (1
0)

1.
00

0
  P

la
nn

ed
60

5 
(9

3)
29

62
 (4

8)
23

3 
(9

0)
23

3 
(9

0)
  B

ot
h 

CA
B

G
 a

nd
 P

C
I d

ur
in

g 
in

de
x 

ad
m

is
si

on
, n

 
(%

)
16

 (2
)

<
 5

<
 0.

00
1

–
–

–

 C
o-

m
or

bi
di

ty
 1

0 
ye

ar
s b

ac
k,

 n
 (%

)
  P

rio
r C

A
B

G
<

 5
23

1 
(4

)
<

 0.
00

1
<

 5
16

 (6
)

<
 0.

00
1

  P
rio

r P
C

I
10

4 
(1

6)
12

62
 (2

0)
0.

01
6

39
 (1

5)
57

 (2
2)

0.
04

2
  H

yp
er

te
ns

io
n

24
7 

(3
8)

20
01

 (3
2)

0.
00

1
84

 (3
2)

93
 (3

6)
0.

40
5

  V
en

tri
cu

la
r a

rr
hy

th
m

ia
20

 (3
)

81
 (1

)
<

 0.
00

1
<

 5
<

 5
1.

00
0

  A
rr

hy
th

m
ia

73
 (1

1)
74

0 
(1

2)
0.

72
6

20
 (8

)
35

 (1
3)

0.
03

2
  M

yo
ca

rd
ia

l I
nf

ar
ct

io
n

22
4 

(3
4)

12
76

 (2
0)

<
 0.

00
1

63
 (2

4)
49

 (1
9)

0.
13

5
  D

ia
be

te
s

14
6 

(2
2)

86
4 

(1
4)

<
 0.

00
1

36
 (1

4)
50

 (1
9)

0.
09

8
  H

ea
rt 

fa
ilu

re
82

 (1
3)

49
8 

(8
)

<
 0.

00
1

21
 (8

)
23

 (9
)

0.
75

3
  R

en
al

 d
is

ea
se

15
 (2

)
18

4 
(3

)
0.

38
2

<
 5

<
 5

0.
62

4



3023Quality of Life Research (2020) 29:3017–3029	

1 3

IQ
R 

in
te

rq
ua

rti
le

 ra
ng

e,
 B

M
I b

od
y 

m
as

s i
nd

ex
*M

is
si

ng
 d

at
a;

 In
 to

ta
l, 

m
is

si
ng

 d
at

a 
w

er
e 

pr
es

en
t a

m
on

g 
n =

 30
1 

(e
du

ca
tio

na
l d

at
a)

 a
nd

 n
 =

 16
4 

(th
e 

ty
pe

 o
f h

os
pi

ta
l s

ta
y)

†  Se
lf-

re
po

rte
d 

da
ta

-o
nl

y 
av

ai
la

bl
e 

am
on

g 
re

sp
on

de
rs

 o
f t

he
 su

rv
ey

‡  Th
e 

D
an

is
h 

N
at

io
na

l B
oa

rd
 o

f H
ea

lth
 d

efi
ne

d 
th

e 
hi

gh
-r

is
k 

lim
it 

fo
r a

lc
oh

ol
 c

on
su

m
pt

io
n 

as
 a

 w
ee

kl
y 

in
ta

ke
 e

xc
ee

di
ng

 2
1 

un
its

 fo
r m

en
 a

nd
 1

4 
un

its
 fo

r w
om

en
 a

t t
he

 ti
m

e 
po

in
t o

f i
nc

lu
si

on
Th

e 
p 

va
lu

e 
w

as
 se

t a
t a

 5
%

 si
gn

ifi
ca

nc
e 

le
ve

l

Ta
bl

e 
1  

(c
on

tin
ue

d)

To
ta

l p
op

ul
at

io
n 

(n
 =

 70
00

)
Pr

op
en

si
ty

-m
at

ch
ed

 p
op

ul
at

io
n 

(r
es

po
nd

er
s)

 (n
 =

 52
0)

CA
B

G
 (n

 =
 65

2)
PC

I (
n =

 63
48

)
p 

va
lu

e
CA

B
G

 (n
 =

 26
0)

PC
I (

n =
 26

0)
p 

va
lu

e

  C
hr

on
ic

 o
bs

tru
ct

iv
e 

pu
lm

on
ar

y 
di

se
as

e
33

 (5
)

42
9 

(7
)

0.
09

7
7 

(3
)

19
 (7

)
0.

01
6

 T
u-

co
m

or
bi

di
ty

 in
de

x 
sc

or
e

  0
38

4 
(5

9)
4,

00
0 

(6
3)

0.
11

1
18

1 
(7

0)
16

0 
(6

2)
0.

15
2

  1
–2

23
1 

(2
5)

20
40

 (3
2)

70
 (2

7)
88

 (3
4)

 >
 3

37
 (6

)
30

8 
(5

)
9 

(3
)

12
 (5

)
 H

ea
lth

 b
eh

av
io

ur
, n

 (%
)†

  B
M

I ≥
 25

22
4 

(7
5)

22
50

 (7
1)

0.
23

4
18

3 
(7

4)
18

3 
(7

6)
0.

63
8

  B
M

I ≥
 30

91
 (3

0)
81

7 
(2

6)
0.

09
8

68
 (2

8)
60

 (2
5)

0.
50

8
  C

ur
re

nt
 d

ai
ly

 sm
ok

er
13

 (4
)

55
9 

(1
7)

<
 0.

00
1

10
 (4

)
32

 (1
2)

<
 0.

00
1

  E
ve

r s
m

ok
er

21
3 

(7
0)

24
24

 (7
4)

0.
10

5
18

0 
(7

3)
19

3 
(7

5)
0.

52
0

  A
lc

oh
ol

 in
ta

ke
 a

bo
ve

 h
ig

h-
ris

k 
lim

it‡
31

 (1
1)

28
1 

(9
)

0.
36

1
27

 (1
1)

21
 (9

)
0.

30
7



3024	 Quality of Life Research (2020) 29:3017–3029

1 3

95% CI 0.38–0.95, p = 0.029 and Emotional, HR 0.56, 
95% CI 0.39–0.80, p = 0.002) as shown in Fig. 3. The 
crude analyses are shown in Supplementary Table S4. 
The elements of the composite endpoint were analysed 

separately and revealed that the results were driven by 
the acute readmissions (Supplementary Table S5). Results 
for the sensitivity analysis are shown in Supplementary 
Table S6.

Table 2   Differences in health-
related quality of life, anxiety 
and depression among patients 
undergoing CABG vs. PCI 
in the propensity-matched 
population

A higher score indicates a better health status on the EQ-5D and HeartQoL, whereas a higher score on the 
HADS indicates worse status
EQ-5D The European Quality of Life 5 Dimensions 5 Levels Questionnaire, HADS hospital anxiety and 
depression scale (HADS-A anxiety, HADS-D depression)
The p value was set at a 5% significance level

CABG (n = 260) PCI (n = 260) p value

EQ-5D 5L
 Index score (median, IQR) 0.70 (0.64–0.79) 0.77 (0.70–0.86) < 0.001
 VAS score (median, IQR) 70 (55–80) 75 (60–85) 0.005

HeartQoL
 Global score (median, IQR) 1.43 (0.86–2.07) 1.71 (1.14–2.36) < 0.001
 Physical subscale score (median, IQR) 1.20 (0.70–2.00) 1.47 (0.90–2.30) 0.002
 Emotional subscale score (median, IQR) 2.00 (1.00–2.75) 2.25 (1.75–2.75) 0.004

HADS
 HADS-A (median, IQR) 6 (3–9) 5 (2–8) 0.142
  HADS-A ≥ 8 (n, %) 89 (36) 83 (33) 0.429
  HADS-A ≥ 11 (n, %) 36 (15) 35 (14) 0.799

 HADS-D (median, IQR) 4 (2–7) 3 (1–6) 0.004
  HADS-D ≥ 8 (n, %) 54 (22) 44 (17) 0.225
  HADS-D ≥ 11 (n,%) 16 (6) 15 (6) 0.817

Table 3   Differences in readmission rates, revascularisations and all-cause mortality within 1 year

The p value was set at a 5% significance level
*ST-elevation myocardial infarction, non-ST-elevation myocardial infarction, acute myocardial infarction, acute myocardial infarction unspeci-
fied
† Lung embolism, infectious heart disease, heart valve disease, heart failure, congenital heart disease, abdominal aortic aneurism, respiratory fail-
ure/dyspnea, vertigo

Propensity-matched population

All (n = 520) CABG (n = 260) PCI (n = 260) p value

All-cause mortality 7 (1) < 5 < 5 0.704
All-cause mortality without readmission < 5 < 5 < 5 1.000
Readmission, cardiac, n (%)
 All (acute and planned) 153 (29) 69 (27) 84 (32) 0.149
 Acute 109 (21) 59 (23) 50 (19) 0.332
 Planned 44 (8) 10 (4) 34 (13) < 0.001
 Revascularisations (acute, sub-acute and staged) 26 (5) < 5 24 (9) < 0.001
 Composite event 112 (22) 61 (23) 51 (20) 0.286

Common causes of all readmission, n (% of all/% of readmitted)
 Angina Pectoris, all 38 (7/25) 12 (5/17) 26 (10/31) 0.018
 Acute ischemic heart disease* 24 (5/16) 7 (3/10) 17 (7/20) 0.037
 Chronic ischemic heart disease 18 (4/12) 7 (4/13) 7 (4/11) 1.000
 Other ischemic heart disease 8 (2/5) < 5 < 5 1.000
 Arrhythmia, all 27 (5/18) 17 (7/25) 10 (4/12) 0.166
 Other† 38 (7/25) 20 (8/29) 18 (7/21) 0.736
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Discussion

In this study, we compared HRQoL, anxiety and depression 
measured at hospital discharge after either CABG or PCI 
in a propensity-matched population. We found that patients 
receiving PCI reported significantly better HRQoL at dis-
charge on most subscales, but with time to readmission or 
revascularisation being similar. Also, we demonstrated how 
HRQoL, anxiety and depression among patients undergoing 
PCI were associated with the risk of experiencing adverse 
events within 1-year after discharge, whereas no association 
was found in the CABG group.

Our findings of better HRQoL among patients receiv-
ing PCI vs. CABG are in line with previous studies [9, 10, 
12, 13], and could possibly be explained by the minimally 
invasive technique compared to the surgical trauma associ-
ated with heart surgery, resulting in immediate mobilisation, 
fewer restrictions, less pain and a shorter length of stay [6]. 
Despite mental health being similar among groups, it is still 
worth highlighting how one-third of all patients report anxi-
ety and one-fifth of all patients report depression. These are 
seemingly high proportions, indicating the constant impor-
tance of post-procedural screening, follow-up and treatment 
as recommended in guidelines [40]. High scores of anxiety 
and depression in the first month after PCI have previously 
been demonstrated in different studies [17, 21], whereas 
studies and trials investigating interventions aiming at reduc-
ing these symptoms are sparse [41, 42].

Although readmission rates were similar among the two 
groups, one-fifth of the patients experienced an acute car-
diac readmission within the first year. Similarly, a recent 
propensity-matched study demonstrated 1-year readmission 
rates of 28% in a CABG group vs. 38% in a PCI group [5]; 
this population, though, was slightly different from ours; a 

high-risk multi-vessel coronary artery diseases population, 
whereas we have included all patients receiving PCI, includ-
ing patients with a lower risk profile.

When investigating HRQoL, anxiety and depression and 
the 1-year risk of experiencing adverse events, we found 
significant associations in the PCI group, but not in the 
CABG group. As the two groups are seemingly compa-
rable, ensured by the propensity matching and aligned in 
most known variables, it is likely that the surgical trauma 
of heart surgery compared with a more minimally inva-
sive approach influences the outcomes differently. When 
investigating HRQoL, anxiety and depression in different 
surgical populations, similar results have been found [43, 
44]. Contrary, among cardiac patients in general, several 
studies have demonstrated a significant association between 
HRQoL, symptoms of anxiety and depression and the risk of 
adverse outcomes, including mortality [18, 20, 45, 46]. As 
many complications related to open-heart surgery arise after 
discharge, the association with adverse outcomes might be 
challenging to demonstrate. Thus, the use of patient-reported 
outcomes at discharge might not be an appropriate predictor 
of future outcomes in populations of patients undergoing 
cardiac surgery as the surgery itself, the afterwards sternal 
regime and changed bodily awareness might influence the 
overall health perception—a concern that has been broached 
in a previous study [43].

The association between depression and the risk of 
adverse events complies with results from a recent system-
atic review and meta-analysis among patients receiving PCI 
[47], thus, this highlights how depression is a major risk fac-
tor for poor outcomes. However, when depression is meas-
ured shortly after the PCI, the symptoms could be related to 
the stress response of the procedure and thereby not a genu-
ine mental disorder [47]; this should be taken into account 
when interpreting the results. Although most studies, includ-
ing the current, do not demonstrate a causal relationship 
between self-reported health status and adverse outcomes 
(but instead investigate associations between outcomes), it 
is still important to highlight how poor mental outcomes 
following the procedures remain a genuine problem. Future 
prospective studies investigating the causal relationship 
between depression and worse outcomes following PCI are 
needed. In addition, our results could potentially be taken 
into consideration when preparing the patient for discharge. 
Self-reported health status might be included as a potential 
screening tool and individualised follow-up regimes might 
be planned according to the HRQoL and the mental health 
status of the patient.

Strengths and limitations

The study included a propensity-matched population of 
patients undergoing either CABG or PCI. The propensity 

Fig. 2   Cumulative incidence curves showing time to first acute car-
diac readmission or revascularisation with death as the possible com-
peting risk (propensity-matched population)
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matching was performed to ensure that almost all known 
variables were aligned between the groups, resulting in a 
more comparable result. Similarly, a strength of the study 
is the use of register-based data, as no patients were lost to 
follow-up, and the Danish registers are known to have a high 
validity [24–26].

Even though a thorough propensity matching was per-
formed, only known variables were included in the match-
ing, and therefore, unavailable confounders could poten-
tially impact the results, including complexity and severity 
of coronary artery disease, LV function, frailty, functional 
class and pre-existing mental disorders. Our propensity 
matching represented nearly 10% of the total population and 
as being a responder was one of the matching criteria, the 
results were based on a selected population of patients. As 
patients needed to be alive at discharge to receive the ques-
tionnaire, mortality rates were calculated from discharge 
and thus, were lower than in comparable studies. Similarly, 

confounding by indication may be a genuine problem with 
our study, although a propensity match was performed. This 
should be taken into account when interpreting the results.

Although the DenHeart study aimed to include all patients 
discharged from a Danish Heart Centre during the study 
period, the non-response rate in the overall study was 49% 
[48]. This might cause a risk of non-response bias, a com-
mon concern in patient-reported outcomes research. When 
evaluating the differences between responders and non-
responders, non-responders were older, had a higher comor-
bidity burden, and among the PCI group, non-responders 
were more often women. As these characteristics are known 
to be associated with poorer HRQoL [48, 49], we expect that 
non-responders would report worse outcomes. Thus, this is 
a limitation of the study, and the results might be under-
estimated. Furthermore, due to a low inclusion of patients 
(responders) in the propensity-matched population, statisti-
cal power might be a problem in the regression analyses due 

Fig. 3   Cox Proportional Hazard Models investigating the association 
between HRQoL, anxiety and depression and the risk of the com-
posite endpoint of first acute, cardiac readmission, revascularisation 
or all-cause mortality (propensity-matched population). The analyses 
were adjusted for sex, age, COPD, prior PCI and current smoking 

status. EQ-5D The European Quality of Life 5 Dimensions 5 Levels 
Questionnaire, HADS hospital anxiety and depression scale (HADS-
A anxiety, HADS-D, depression). A higher score indicates a better 
health status on the EQ-5D VAS and HeartQoL, whereas a higher 
score on the HADS indicates worse status
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to few events. Still, as the results are seemingly comparable 
to others, this might not cause a concern. A further limita-
tion associated with this study is the lack of control for the 
increase in the familywise error rate in the reported analyses.

Finally, the survey was only handed out at one time point 
(at discharge), meaning that information on patient-reported 
outcomes before the revascularisation procedures or changes 
on the long term were not included, thus, it was not possible 
to adjust for baseline differences or investigate changes over 
time.

To conclude, patients receiving PCI report better HRQoL 
at discharge compared with a propensity-matched population 
of patients undergoing CABG. Readmission and mortality 
rates were similar among the two groups, whereas revascu-
larisation rates were higher among patients receiving PCI. 
HRQoL, anxiety and depression were associated with the 
risk of the adverse events among patients receiving PCI, but 
not patients among undergoing CABG.

Based on the findings, patients who report reduced 
HRQoL, anxiety or depression following PCI might be 
offered a more extensive follow-up post-discharge to reduce 
adverse outcomes and thereby potentially increase quality of 
life. As similar studies investigating and comparing HRQoL, 
anxiety and depression, and this risk of adverse events fol-
lowing CABG vs PCI are sparse, replications of similar stud-
ies are encouraged.
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