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Abstract

Aims The aim of this study is to investigate the prognostic impact of ischaemic heart disease (IHD) in heart failure (HF) and
its association to age, sex, left ventricular ejection fraction (EF), and HF duration, and furthermore, to evaluate if the impact of
IHD has changed over time, in light of improved therapy.

Methods and results We studied 30 946 patients with non-valvular HF, by accessing the Swedish Heart Failure Registry, from
years 2000 to 2012. The mortality in 17 778 patients with clinical IHD was compared with 13 168 patients without IHD (non-
IHD). There was a significantly worse outcome in IHD, with the crude mortality of 41.1% and the event rate per 100 person-
years [95% confidence interval (Cl)] of 14.8 (14.4-15.1), compared with 28.2% and 9.7 (9.4-10.0) in non-IHD. After multivar-
iable adjustment, the hazard ratio (HR) (95% Cl) for mortality, IHD vs. non-IHD, was 1.16 (1.11-1.22; P < 0.0001). Subgroup
analyses showed significantly increased mortality in IHD, in all age subgroups, in all subgroups with EF < 50%, in both men
and women, and regardless of heart failure duration more or less than 6 months. Analyses for the combination of age and
EF showed the highest HR for time to death in the youngest with the lowest EF, HR (95% Cl) 2.05 (1.59-2.64) for patients
<60 years of age with EF < 30%. Although a numerical reduction of the HR for mortality was seen over time, the risk for mor-
tality in IHD, compared with the non-IHD group, was greater throughout the study period.

Conclusions In non-valvular heart failure, IHD was associated with significantly increased mortality, compared with non-IHD,
in groups of EF below 50%, in all age groups, and regardless of sex or HF duration. The risk increase associated with EF reduc-
tion diminished with increasing age. The mortality in IHD, compared with non-IHD, remained significantly higher throughout
the 13 year study period.

Keywords Mortality/survival; Heart failure; Chronic ischaemic heart disease; Prognosis; Aetiology; Risk factors

Received: 3 June 2019; Revised: 9 October 2019; Accepted: 4 November 2019
*Correspondence to: Dr Jonas Silverdal, Medicin, Geriatrik och Akutmottagning, Sahlgrenska Universitetssjukhuset/Ostra, Diagnosvégen 11, SE-416 50 Gothenburg, Sweden.
Tel: +46(0)313421000. Email: jonas.silverdal@vgregion.se

Introduction

Ischaemic heart disease (IHD) is a well-known major cause of
heart failure (HF), and the risk of in hospital death is in-
creased when ischaemia is the precipitating factor of acute
HF." Studies of chronic HF have associated IHD with increased
mortality in patients with HF with reduced ejection fraction
(EF < 40%, HFrEF),>* and in a contemporary HF cohort,
implantable cardioverter defibrillators reduced all-cause mor-
tality in patients with ischaemic aetiology, as opposed to non-
ischaemic HFrEF.* In HF with preserved EF (EF > 50%, HFpEF),
there is conflicting evidence of the prognostic importance of

IHD,%*> and HF with mid-range EF (EF 40-49%, HFmrEF) is
less explored in this regard, even though often described as
an intermediate group with a higher prevalence of cardiovas-
cular disease but otherwise with co-morbidities and all-cause
mortality resembling that of HFpEF.®’

In the past decades, we have witnessed a gradual decline
in the incidence of, and death by, myocardial infarction®*°
likely due to more effective pharmacotherapies such as dual
antiplatelet therapies,** anticoagulants,*** lipid-lowering
treatment,* possibly more effective invasive techniques,®
and stent development,*® as well as widespread use of early
revascularization strategies in acute myocardial infarction.
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It is unclear whether the improved treatment in IHD has
improved outcome also in patients with IHD and HF.

In the present study, we aimed to perform a comprehen-
sive assessment over time of the outcome in non-valvular
HF, with and without clinical ischaemic heart disease, and
the possible interaction between ischaemic heart disease,
age, sex, left ventricular EF, and HF duration.

Methods

The Swedish Heart Failure Registry

The Swedish Heart Failure Registry (SwedeHF) has been de-
scribed elsewhere.'” In brief, the inclusion criterion for entry
in the registry was an established diagnosis of HF based on
clinical assessment. The protocol, registration form, and an-
nual report are available at ‘http://www.swedehf.se’.

Approximately 80 variables were recorded at discharge
from the hospital or outpatient visit at cardiology, internal
medicine, and primary care clinics and entered into a web-
based database managed by the Uppsala Clinical Research
Center (http://www.ucr.uu.se/en). Additional data regarding
co-morbidities and mortality were obtained from the Swedish
National Patient Register and the Cause-Specific Death Regis-
ter. Registration of discharge diagnoses coded in accordance
with the International Classification of Diseases system and
cause of death is mandatory for all patients in Sweden since
1987 and 1961, respectively (http://www.socialstyrelsen.se).
Establishment of the registry and analysis of the data were
approved by a multisite ethics committee. The registry and
this study are in accordance with the 1964 Declaration of
Helsinki and its later amendments.

Inclusion and exclusion criteria

All patients registered in the SwedeHF, from 11 May 2000 to
31 December 2012, were eligible for inclusion (n = 51 060).
Index date was defined as the date of the outpatient visit
or the date for discharge during index hospitalization,
resulting in 1180 (2.3%) individuals being excluded because
of death during hospitalization. IHD was defined as either re-
ported IHD, presence of angina or previous myocardial infarc-
tion, or performed percutaneous coronary intervention or
coronary artery bypass graft surgery. Patients with missing
data for prevalent IHD [n = 672 (1.3%)], or missing data for
EF [n = 7667 (15.0%)], were excluded. EF is registered in the
database in categories: <30, 30-39, 40-49, and >50%. In
SwedeHF, valvular heart disease was registered if it was
assessed to be clinically significant; however, because we
did not have data on the grade or the mechanism, patients
with valvular diseases and history of valve intervention were
excluded [n = 10 595 (20.8%)]. Thus, the final sample
consisted of 30 946 (60.6%) individuals available for analysis:

17 778 were categorized as HF with IHD and 13 168 as HF
without IHD (non-IHD).

Baseline characteristics

Baseline data included clinical characteristics, medical history,
co-morbidities, heart rate, blood pressure, laboratory find-
ings, and medical and device treatment. Additional baseline
data on co-morbidities were obtained from the Swedish Na-
tional Patient Register (http://www.socialstyrelsen.se) based
on the International Statistical Classification of Diseases and
Related Health Problems, 10th Revision.

Outcome measure

The outcome was all-cause mortality occurring after the index
date until the end of follow-up (31 December 2012). This
measure was studied for all IHD vs. non-IHD patients, as well
as for subgroups stratified for sex, age group (<60, 60 to
<70, 70 to <80, and >80 years), EF group (<30, 30 to <40,
40 to <50, and >50%), duration of HF (<6 and >6 months),
and calendar period (2000-2004, 2005-2006, 2007-2008,
2009-2010, and 2011-2012, with the first 4 years merged be-
cause of low numbers).

Statistical analysis

For baseline characteristics, continuous variables are pre-
sented as mean * standard deviation or median and inter-
quartile range (IQR), where appropriate, while categorical
variables are presented as frequencies and percentages.
Comparing the differences in characteristics among groups,
we used Fisher’s exact test (lowest one-sided P-value multi-
plied by 2) for dichotomous variables, the Mantel-Haenszel
x° test for ordered categorical variables, y* test for non-
ordered categorical variables, and the Mann—Whitney U test
for continuous variables. Crude event rates for all-cause mor-
tality were calculated as the number of events per 100
person-years, using Poisson-based 95% confidence intervals
(Cls). Studying time trends over calendar periods, the esti-
mated mortality rates were standardized for the distribution
of age and sex, for the first calendar period, 2000-2004. For
these analyses, we chose to adjust only for time-updated
age, sex, EF group, and HF duration, for minimizing the
impact of missing data. Descriptively, unadjusted cumulative
incidence of all-cause mortality for IHD and non-IHD was esti-
mated using the Kaplan—Meier technique. Time to all-cause
mortality was assessed using a Cox proportional hazards
model. The effects of subgroups were evaluated by studying
the interaction between the IHD group and the subgrouping
variable of interest. From these models, HRs with 95% Cls
are presented along with the associated P-values. Adjust-
ments for background variables were carried out in a
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stepwise manner: in the first model, we adjusted for age and
sex; in the second, also for HF duration more or less than 6
months and EF group; and in the last, for 22 additional co-
morbidities or variables of presumed importance.

For interaction analysis, we adjusted for age (time-updated
age in the time-trend analyses), sex (unless a subgroup vari-
able), EF group (unless a subgroup variable), HF duration (un-
less subgroup variables), index period, follow-up specialty,
smoking, hypertension, atrial fibrillation/flutter, diabetes,
lung disease, peripheral artery disease, stroke/transient isch-
aemic attack, malignant cancer within the past 3 years, esti-
mated glomerular filtration rate, haemoglobin, systolic
blood pressure, New York Heart Association functional class,
angiotensin-converting enzyme inhibitors (ACEls)/angiotensin
Il receptor blockers (ARBs), beta-blockers, mineralocorticoid
receptor antagonists, diuretics, digoxin, statins, oral anticoag-
ulants, and device therapy. For categorical variables, missing
values were treated as a single, unknown category. For con-
tinuous variables, missing values [2399 (7.8%)] were not im-
puted and therefore excluded from the fully adjusted model.

The proportional hazards assumption was assessed for vio-
lation by introducing an interaction term between the IHD
group and log (time). This procedure showed that the propor-
tional hazards assumption was satisfied.

For all tests, statistical significance was set to P 0.05
(two tailed). Analyses were performed, and artworks were
created using SAS software, Version 9.4 (SAS Institute Inc.,
Cary, NC, USA).

Results

Baseline characteristics

The IHD group differed significantly from the non-IHD group,
in that they were older, more often male, and more fre-
quently had HF duration of >6 months. We found no signifi-
cant interaction with regard to EF. The prevalence of cancer
within 3 years, liver disease, and sleep apnoea was similar.
All other co-morbidities differed significantly; the prevalence
of alcoholism and atrial fibrillation was higher in the non IHD
group, while all other co-morbidities were more frequent in
the IHD group. Patients with IHD were significantly more often
treated with beta-blockers and nitrates but less often with
mineralocorticoid receptor antagonists. The groups were sim-
ilar regarding the use of ACEls, ARBs, and diuretics (Table ).

All-cause mortality in ischaemic heart disease vs.
non-ischaemic heart disease

Median follow-up time was 2.4 years (IQR: 1.0-4.2) in IHD
and 2.6 years (IQR: 1.1-4.3) in non-IHD. The crude mortality

was higher in the IHD group (n = 7315, 41.1%) than in the
non-IHD group (n = 3711, 28.2%), with an event rate per
100 person-years (95% Cl) of 14.8 (14.4-15.1) in IHD vs.
9.7 (9.4-10.0) in non-IHD (Table 2). The probability of sur-
vival in patients with IHD was lower than those without
IHD (Figure 1).

Interaction between baseline characteristics and
mortality in ischaemic heart disease vs.
non-ischaemic heart disease

A Cox proportional hazards regression model was used to
evaluate the effect of IHD vs. non-IHD on all individuals
and by sex, age groups, EF groups, and HF duration more
or less than 6 months (Table 3). After adjustment for age
and sex (unless subgroup variable), the HR for mortality,
IHD vs. non-IHD, was significantly increased in ‘all individ-
uals’, all age groups, all groups of EF < 50%, and both
groups of HF duration. Further adjustments of additional
variables did not change these results. After multivariable
adjustment, the estimated overall effect of IHD on mortal-
ity compared with non-IHD was HR (95% CI) 1.16 (1.11-
1.22; P < 0.0001).

The categories of sex and HF duration showed no signifi-
cant interactions with the IHD group.

Subgroup analyses for age showed significantly higher
mortality in IHD than in non-IHD, in all age groups. The differ-
ence remained significant after multivariable adjustment,
with a pattern of decreasing difference with increasing age,
HR (95% Cl) ranging between 1.56 (1.30-1.87) for age <60
years and 1.10 (1.04-1.17) for age >80 years, P < 0.0001,
for interaction.

Subgroup analyses for EF showed higher crude mortality
rates in IHD for all EF groups in the stratification, with a
more than two-fold mortality rate per 100 person-years
(95% Cl) in EF < 30%, 17.9 (17.2-18.7) in IHD vs. 7.7
(7.2-8.2) in non-IHD (Table 2). After multivariable adjust-
ment, the mortality in IHD compared with non-IHD
remained significantly increased in groups with systolic
dysfunction, with a decreasing difference with increasing
EF: HR (95% CI) 1.39 (1.28-1.51) for EF < 30% and
1.12 (1.02-1.23) for EF 40-49%. For EF > 50%, the
adjusted mortality outcome was similar in the two groups
(Table 3).

Analyses of IHD vs. non-IHD for the combination of EF and
age showed the highest HR for time to death in the youngest
age group with EF < 30%, HR (95% CI) 2.05 (1.59-2.64). For
patients with EF > 50%, the effect of IHD vs. non-IHD for time
to death did not significantly differ for any of the age groups
(Figure 2).
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Table 1 Baseline data by aetiology of heart failure in all individuals

Variable Total (n = 30 946) IHD (n = 17 778) Non-IHD (n = 13 168) P-value
Age (years) 72.6 (12.2) 74.6 (10.4) 69.8 (13.7) <0.0001
Age group
<60 years 4367 (14.1%) 1596 (9.0%) 2771 (21.0%) <0.0001
60 to <70 years 6633 (21.4%) 3567 (20.1%) 3066 (23.3%)
70 to <80 years 9698 (31.3%) 6062 (34.1%) 3636 (27.6%)
>80 years 10 248 (33.1%) 6553 (36.9%) 3695 (28.1%)
Sex
Male 20 081 (64.9%) 12 023 (67.6%) 8058 (61.2%) <0.0001
Female 10 865 (35.1%) 5755 (32.4%) 5110 (38.8%)
Index period
2000-2004 1928 (6.2%) 1248 (7.0%) 680 (5.2%) <0.0001
2005-2006 4206 (13.6%) 2570 (14.5%) 1636 (12.4%)
2007-2008 8148 (26.3%) 4895 (27.5%) 3253 (24.7%)
2009-2010 8456 (27.3%) 4722 (26.6%) 3734 (28.4%)
2011-2012 8208 (26.5%) 4343 (24.4%) 3865 (29.4%)
Planned follow-up level
Primary care/other 10 733 (37.0%) 6486 (39.1%) 4247 (34.3%) <0.0001
Specialty care 18 259 (63.0%) 10 106 (60.9%) 8153 (65.8%)
Duration of HF
<6 months 16 313 (53.1%) 8154 (46.2%) 8159 (62.4%) <0.0001
>6 months 14 416 (46.9%) 9505 (53.8%) 4911 (37.6%)
Smoking
Never 10 047 (41.1%) 5375 (38.4%) 4672 (44.7%) <0.0001
Previous 10 851 (44.4%) 6752 (48.2%) 4099 (39.2%)
Current 3549 (14.5%) 1869 (13.4%) 1680 (16.1%)
Medical history per SwedeHF or patient register
Hypertension 18 762 (60.6%) 11 466 (64.5%) 7296 (55.4%) <0.0001
Atrial fibrillation/flutter 16 020 (51.8%) 8446 (47.5%) 7574 (57.5%) <0.0001
Diabetes 8667 (28.0%) 6052 (34.0%) 2615 (19.9%) <0.0001
Lung disease 8841 (28.6%) 5380 (30.3%) 3461 (26.3%) <0.0001
Medical history according to SwedeHF
Ischaemic heart disease 14 849 (49.5%) 14 849 (85.0%) 0 (0.0%) <0.0001
Dilated cardiomyopathy 3909 (13.0%) 1282 (7.4%) 2627 (20.4%) <0.0001
Co-morbidities according to patient register
Myocardial infarction 12 753 (41.2%) 12 753 (71.7%) 0 (0.0%) <0.0001
PCI/CABG 8660 (28.0%) 8660 (48.7%) 0 (0.0%) <0.0001
Angina 9701 (31.3%) 9701 (54.6%) 0 (0.0%) <0.0001
Peripheral artery disease 2851 (9.2%) 2253 (12.7%) 598 (4.5%) <0.0001
Stroke/TIA 4997 (16.1%) 3372 (19.0%) 1625 (12.3%) <0.0001
Anaemia 4067 (13.1%) 2720 (15.3%) 1347 (10.2%) <0.0001
Renal failure 3095 (10.0%) 2188 (12.3%) 907 (6.9%) <0.0001
Malignant cancer within the past 3 years 4059 (13.1%) 2381 (13.4%) 1678 (12.7%) 0.097
Dialysis 188 (0.6%) 136 (0.8%) 52 (0.4%) <0.0001
Liver disease 494 (1.6%) 263 (1.5%) 231 (1.8%) 0.063
Sleep apnoea 1125 (3.6%) 650 (3.7%) 475 (3.6%) 0.85
Alcoholism 1280 (4.1%) 595 (3.3%) 685 (5.2%) <0.0001
Gout 1317 (4.3%) 896 (5.0%) 421 (3.2%) <0.0001
Laboratory and physical examination
Latest ECG, sinus rhythm 17 259 (56.5%) 10 789 (61.7%) 6470 (49.6%) <0.0001
Latest ECG, LBBB 4708 (18.3%) 2757 (18.9%) 1951 (17.5%) 0.0025
EF group
<30% 9075 (29.3%) 4867 (27.4%) 4208 (32.0%) 0.096
30-39% 8720 (28.2%) 5514 (31.0%) 3206 (24.3%)
40-49% 6728 (21.7%) 4056 (22.8%) 2672 (20.3%)
>50% 6423 (20.8%) 3341 (18.8%) 3082 (23.4%)
NT-proBNP 4558 (6586) n = 9877 5018 (7184) n = 5134 4060 (5831) n = 4743  <0.0001

Haemoglobin (g/L)
Estimated glomerular filtration rate
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
BMI (kg/cmz)
NYHA

|

1l

1]

[\

133.7 (17.2) n = 30 945
68.4 (33.6) n = 28 724
128.4(21.3) n = 30550 128.1(21.1)n =17 530
74.1 (12.3) n = 30 515
27.2(5.5)n =14 214

2910 (12.7%)

11 101 (48.6%)

8079 (35.4%)
748 (3.3%)

131.5(16.7)n =17 778
63.2(31.0)n =16 579

72.7 (11.8) n = 17 516
27.0(5.2) n = 8218

1458 (11.4%)

5990 (46.7%)

4881 (38.0%)
508 (4.0%)

1452 (14.5%)

5111 (51.1%)

3198 (32.0%)
240 (2.4%)

136.6 (17.4) n = 13 167 <0.0001
75.6 (35.7)n = 12 145 <0.0001
128.8(21.6)n = 13020 0.015
75.9(12.6) n = 12999 <0.0001

27.4 (6.0) n = 5996 0.010

<0.0001

(Continues)

ESC Heart Failure 2020; 7: 265-274
DOI: 10.1002/ehf2.12568



Prognostic impact over time of ischaemic heart disease vs. non-ischaemic heart disease in heart failure 269
Table 1 (continued)
Variable Total (n = 30 946) IHD (n = 17 778) Non-IHD (n = 13 168)  P-value
Medical treatment at discharge or revisit
ACEIs/ARBs 26 912 (87.2%) 15 409 (86.9%) 11 503 (87.6%) 0.076
Beta-blockers 26 983 (87.6%) 15 740 (88.9%) 11 243 (85.8%) <0.0001
Diuretics 23 909 (77.6%) 13 768 (77.8%) 10 141 (77.4%) 0.47
MRAs 8639 (28.1%) 4875 (27.6%) 3764 (28.8%) 0.027
Digoxin 5091 (16.5%) 2289 (12.9%) 2802 (21.4%) <0.0001
Statins 14 681 (47.7%) 11 583 (65.4%) 3098 (23.7%) <0.0001
Nitrates 5106 (16.6%) 4691 (26.6%) 415 (3.2%) <0.0001
Oral anticoagulants 11 323 (36.8%) 5511 (31.2%) 5812 (44.4%) <0.0001
Device therapy
ICD without CRT 644 (2.1%) 481 (2.7%) 163 (1.2%) <0.0001

CRT without ICD
CRT with ICD

343 (1.1%)
339 (1.1%)

220 (1.3%)
245 (1.4%)

123 (0.9%)
94 (0.7%)

ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin Il receptor blockers; BMI, body mass index; CABG, coronary artery by-
pass graft surgery; CRT, cardiac resynchronization therapy; ECG, electrocardiogram; EF, ejection fraction; HF, heart failure; ICD, implant-
able cardioverter defibrillator; IHD, ischaemic heart disease; LBBB, left bundle branch block; MRAs, mineralocorticoid receptor
antagonists; non-IHD, non-ischaemic heart disease; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Associ-
ation; PCl, percutaneous coronary intervention; SwedeHF, Swedish Heart Failure Registry; TIA, transient ischaemic attack.

For categorical variables, n (%) is presented. For continuous variables, mean (standard deviation)/median (min; max)/n is presented. For
comparison between groups, Fisher's exact test (lowest one-sided P-value multiplied by 2) was used for dichotomous variables and the
Mantel-Haenszel 2 test for ordered categorical variables and x* for non-ordered categorical variables and the Mann-Whitney U test

for continuous variables.

Trend in mortality in ischaemic heart disease vs.
non-ischaemic heart disease during the study
period

Ischaemic heart disease was associated with a significantly
higher all-cause mortality compared with the non-IHD group,
during the entire study period. The HR for mortality, IHD vs.
non-IHD, after adjusting for time-updated age, sex, EF group,
and HF duration, did not significantly decrease over time: HR
(95% ClI) 1.40 (1.11-1.78) for the period 2000-2004 and 1.15
(Cl: 1.07-1.23) for the period 2011-2012, P = 0.28, for inter-
action between IHD group and calendar periods (Figure 3).

Discussion

Our study, with its large sample size from the SwedeHF, dem-
onstrated that the all-cause mortality was higher in patients
with HF and clinical IHD than in patients with HF without
IHD. Moreover, this prognostic difference remained signifi-
cant throughout the 13 year study period.

The cohort was treated well with ACEIs/ARBs and beta-
blockers (87 and 89% in IHD vs. 88 and 86% in non-IHD).
The use of implantable cardioverter defibrillator and cardiac
resynchronization therapy was low in both groups (4.1 and

Table 2 Deaths, mortality event rate, and follow-up time for IHD vs. non-IHD

Deaths (%)

Mortality event rate per 100 person-years

Median follow-up time, years (IQR)

IHD Non-IHD IHD Non-IHD IHD Non-IHD

All individuals 411 28.2 14.8 (14.4-15.1) 9.7 (9.4-10.0) 2.4 (1.0-4.2) 2.6 (1.1-4.3)
Sex

Male 40.3 26.8 14.3 (13.9-14.8) 9.0 (8.6-9.3) 2.4 (1.0-4.2) 2.7 (1.1-4.4)

Female 43.0 304 15.7 (15.1-16.3) 10.9 (10.3-11.4) 2.3(0.9-4.1) 2.4 (1.0-4.2)
Age

<60 years 16.4 10.0 4.5 (4.0-5.1) 2.8 (2.5-3.2) 3.4 (1.7-5.2) 3.3 (1.5-5.1)

60 to <70 years 26.3 17.6 8.2 (7.7-8.8) 5.5 (5.1-6.0) 2.9 (1.3-4.8) 2.9 (1.3-4.7)

70 to <80 years 38.5 28.9 13.0 (12.5-13.6) 9.9 (9.3-10.5) 2.7 (1.1-4.4) 2.6 (1.1-4.2)

>80 years 57.7 49.9 26.3 (25.4-27.1) 22.4 (21.4-23.5) 1.7 (0.7-3.3) 1.7 (0.7-3.4)
EF

<30% 46.7 23.5 17.9 (17.2-18.7) 7.7 (7.2-8.2) 2.1 (0.8-3.9) 2.7 (1.2-4.6)

30-39% 38.6 24.5 13.5(12.9-14.0) 8.2 (7.6-8.8) 2.4 (1.0-4.3) 2.6 (1.1-4.4)

40-49% 36.9 28.8 12.4 (11.8-13.0) 10.2 (9.5-10.9) 2.7 (1.1-4.5) 2.5(1.1-4.1)

>50% 42.4 37.8 15.9 (15.1-16.7) 14.0 (13.2-14.8) 2.2 (0.9-4.0) 2.3 (0.9-4.0)
HF duration

<6 months 31.9 22.7 11.2 (10.7-11.6) 7.8 (7.5-8.2) 2.5(1.1-4.3) 2.6 (1.1-4.3)

>6 months 49.3 37.6 18.0 (17.5-18.5) 12.7 (12.1-13.2) 2.3(0.9-4.2) 2.6 (1.1-4.5)

EF, ejection fraction; HF, heart failure; IHD, ischaemic heart disease; IQR, inter-quartile range; non-IHD, non-ischaemic heart disease.
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Figure 1 Probability of survival in all individuals by aetiology. IHD, ischaemic heart disease; non-IHD, non-ischaemic heart disease.
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Table 3 Adjusted Cox proportional hazards models for time to death: IHD vs. non-IHD for selected subgroups

Model 1 Model 2 Model 3
HR (95% Cl) P-value HR (95% Cl) P-value HR (95% Cl) P-value
All individuals 1.23 (1.18-1.28) <0.0001* 1.18 (1.13-1.23) <0.0001* 1.16 (1.11-1.22) <0.0001*
Sex
Male 1.25(1.18-1.31) 0.40** 1.19 (1.13-1.26) 0.45** 1.16 (1.10-1.23) 0.83**
Female 1.20 (1.13-1.28) 1.16 (1.09-1.23) 1.15 (1.08-1.24)
Age (group)
<60 years 1.58 (1.34-1.88) <0.0001** 1.62 (1.36-1.92) <0.0001** 1.56 (1.30-1.87) <0.0001**
60 to <70 years 1.48 (1.33-1.65) 1.43 (1.28-1.59) 1.42 (1.27-1.59)
70 to <80 years 1.29 (1.20-1.39) 1.24 (1.15-1.33) 1.18 (1.09-1.28)
>80 years 1.16 (1.10-1.23) 1.11 (1.05-1.17) 1.10 (1.04-1.17)
EF (group)
<30% 1.55 (1.44-1.67) <0.0001** 1.43 (1.32-1.54) <0.0001** 1.39 (1.28-1.51) <0.0001**
30-39% 1.30 (1.20-1.41) 1.24 (1.14-1.35) 1.20 (1.10-1.31)
40-49% 1.09 (1.00-1.19) 1.06 (0.98-1.16) 1.12 (1.02-1.23)
>50% 1.03 (0.96-1.12) 1.00 (0.92-1.08) 0.96 (0.88-1.04)
HF duration
<6 months 1.16 (1.09-1.23) 0.71** 1.19 (1.12-1.26) 0.75** 1.18 (1.11-1.26) 0.37**
>6 months 1.18 (1.11-1.24) 1.17 (1.11-1.24) 1.14 (1.07-1.21)

Cl, confidence interval; EF, ejection fraction; HF, heart failure; HR, hazard ratio; IHD, ischaemic heart disease; IQR, inter-quartile range;
non-IHD, non-ischaemic heart disease.

Model 1: adjusted for age and sex (unless subgroup variable). Model 2: additionally adjusted for EF (group) and HF duration (unless sub-
group variables). Model 3: additionally adjusted for index period, smoking, hypertension, atrial fibrillation, diabetes, lung disease, creat-
inine clearance, haemoglobin, systolic blood pressure, New York Heart Association class, angiotensin-converting enzyme inhibitors/
angiotensin-converting enzyme inhibitors, beta-blockers, mineralocorticoid receptor antagonists, diuretics, digoxin, statins, oral antico-
agulants, peripheral artery disease, stroke/transient ischaemic attack, cancer, follow-up specialty, and device therapy. For categorical var-
iables, missing values were treated as a single, unknown category. For continuous variables, missing values were not imputed and
therefore excluded from Model 3. Missing data in the analysis of HF duration, Model 3: 2595 (8.4%). Missing data in the analysis of other
variables, Model 3: 2399 (7.8%).

*P-value.

**P-value for interaction.
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Figure 2 Cox proportional hazards for analysis of time to death. Ischaemic heart disease (IHD) vs. non-ischaemic heart disease (non-IHD) for subgroups
of age and ejection fraction (EF) groups. Adjusted for index period, smoking, hypertension, atrial fibrillation, diabetes, lung disease, estimated glomer-
ular filtration rate, haemoglobin, systolic blood pressure, New York Heart Association functional class, angiotensin-converting enzyme inhibitors/angio-
tensin Il receptor blockers, beta-blockers, mineralocorticoid receptor antagonists, diuretics, digoxin, statins, oral anticoagulants, peripheral artery
disease, stroke/transient ischaemic attack, malignant cancer within the past 3 years, follow-up specialty, and device therapy. Cl, confidence interval;

HR, hazard ratio.

Time to Death - IHD vs. non-IHD

Age n events/N patients Interaction
(years) EF IHD vs. non-IHD HR (95% ClI) P-value
1 1 1
<60 <30 25.2% (125/496)vs.10.7% (147/1368) | —— 1 2.05 (1.59-2.64) <.0001
30-39  13.8% (77/556)vs.8.8% (61/694) 1 —e— ' 1.42 (0.99-2.03)
40-49 9.6% (36/374)vs.9.6% (43/450) :'—0——' : : 0.85 (0.52-1.40)
>=50 13.5% (23/170)vs.10.0% (26/259) | —_— y 1.50(0.82-2.72)
1 1 1
60-<70 <30  33.5% (394/1177)vs.18.0% (213/1182) | —— 1 1.71 (1.44-2.03)
30-39  22.4% (261/1164)vs.14.8% (120/811) : —— : : 1.43 (1.14-1.79)
40-49  22.4% (176/784)vs.17.4% (101/579) | H—— . ; 1.21(0.94-1.57)
>=50  24.2% (107/442)vs.21.5% (106/494) | —— | 1 1.04 (0.79-1.39)
1 1 1
70-<80 <30 47.1% (799/1697)vs.29.4% (283/963) | —— | 11,49 (1.30-1.72)
30-39 36.1% (674/1868)vs.26.5% (249/940) : —— : : 1.23 (1.05-1.43)
40-49 33.9% (477/1408)vs.25.7% (202/786) | —— | y 1.17 (0.98-1.39)
>=50 35.4% (386/1089)vs.33.5% (317/947) | ——t 1 1 0.87 (0.74-1.02)
1 1 1
>=80 <30  63.7% (953/1497)vs.49.9% (347/695) : —— : : 1.21 (1.06-1.38)
30-39 58.1% (1119/1926)vs.46.9% (357/761) | —— . , 1.13(1.00-1.28)
40-49 54.2% (807/1490)vs.49.5% (424/857) | —— 1 1 1.13 (1.00-1.28)
>=50 54.9% (901/1640)vs.51.7% (715/1382) | s o 1 1 0.99 (0.89-1.10)
1 1 1
1 1 ]
0.5 1 2 4

Figure 3 Standardized incidence rates for mortality over calendar periods and hazard ratio (HR) [95% confidence interval (Cl)] for mortality [ischaemic
heart disease (IHD) vs. non-ischaemic heart disease (non-IHD)] adjusted for time-updated age, sex, ejection fraction group, and heart failure duration.
For interaction between IHD group and calendar periods, P = 0.28.
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2.6% in IHD vs. 2.0 and 1.6% in non-IHD, including combined
devices).

Our results are consistent with previous studies,”® show-
ing that in HF, IHD is associated with a worse outcome than
non-IHD. After multivariable adjustment, the mortality in
IHD was increased in all age categories, in both men and
women, and for both short and long duration of HF. With
regard to EF, however, IHD was associated with a higher all-
cause mortality only in groups of EF < 50%, and subgroup
analyses showed gradually decreasing HR for mortality with
increasing EF, within each age group. The pattern was not
as clear in the youngest, but the low number of events limits
the interpretation. Overall, the impact of IHD diminished with
increasing age, likely reflecting the increasing importance of
other diseases. In patients older than 80 years of age, we
found no difference in mortality in those with EF > 30%.

We speculate that the worse prognosis in IHD is inherent in
the double burden of disease. As one of the pathogenic
causes of HF, the presence of IHD may not only be causally
responsible for myocardial damage and adverse cardiac re-
modelling but also related to or involved in other pathological
mechanisms, such as progressive inflammatory and circula-
tory compromising conditions and unstable electrical sub-
strates capable of initiating and sustaining arrhythmias.*®%°
If the underlying pathological mechanisms are ongoing, the
increased risk of mortality will likely remain. Indeed, it is
known that patients with prior myocardial infarction and
multi-vessel coronary disease are still at an elevated risk for
recurrent coronary events despite revascularization.?* ™ Cor-
onary artery disease already manifested in younger patients
seems to be more aggressive, which may explain the higher
risk compared with non-IHD. In our study, IHD was associated
with a more than 50% increased risk for mortality in patients
below the age of 60 years. In IHD, EF reduction often indi-
cates more severe myocardial damage, and those with re-
duced EF appear to be more vulnerable with a higher risk of
mortality. It is notable that patients with EF < 30% without
IHD had the lowest crude mean mortality event rate of all
groups, while patients with EF < 30% and IHD had the
highest. In non-IHD, the higher mortality rates in groups of
preserved EF, or less reduced EF, are likely caused by the
varying aetiologies of HF and existing co-morbidities.

In line with another SwedeHF study by Vedin et al.,*® we
demonstrated that IHD was not associated with increased
mortality in patients with EF > 50%. However, in contrast to
our study, patients with valvular heart disease were included
and comprised approximately 23% in HFrEF, 25% in HFmrEF,
and 33% in HFpEF. Valvular heart disease (in SwedeHF also in-
cluding atrial and ventricular septal defects) was registered if
considered to be of haemodynamic significance. However, no
description of factors of importance for left ventricle load and
prognosis, such as the severity, location, or type of failure of
the afflicted valve was made. We also believe that the
mechanical effects of either significantly obstructive or

2,18

regurgitant valvular disease were likely to be intrinsically pro-
gressive irrespective of either HF or IHD, making interpreta-
tion of the results difficult, and we therefore excluded all
patients with noted valvular heart disease.

In studies of Swedish patients from years 1995 to 2014,
the mortality was found to decrease in ST-elevation myocar-
dial infarctions until 2007-2008,° and in non-ST-elevation
myocardial infarctions until 2009-2010,%° after which the
mortality levelled out and remained rather unchanged. The
proposed main reasons for the reductions were in-hospital
coronary interventions and improved medication. As shown
in our study, the difference in mortality between IHD patients
and non-IHD patients was lowest in the groups of preserved
or slightly reduced EF. Despite increased early reperfusion
therapy, likely reducing the extent of myocardial damage
and increasing the proportion of patients with minor cardiac
dysfunction, the reduction in HR for mortality, in IHD vs
non-IHD, over time was non-significant.

Our study has limitations. As with other registry studies,
causality cannot be inferred. The analyses depend on the
data provided, including missing data and possible misclassifi-
cations. Categorization of IHD was based on the diagnoses
registered in the SwedeHF and the Swedish National Patient
Register; hence, underestimation of subclinical coronary
heart disease is possible. Reversely, 1148 of the 17 778 IHD
patients (6.5%) were categorized on the basis of angina with-
out the requirement of objective imaging techniques, and it
cannot be ruled out that the symptoms were due to HF or
even non-cardiac causes. When excluding patients with valvu-
lar disease, we may have inadvertently excluded patients
with less severe valvular dysfunction. Mild-to-moderate mi-
tral regurgitation is not believed to cause HF but is associated
with IHD, reduced EF, and worse outcome,>*?> and the exclu-
sion might therefore have influenced the prognosis, possibly
reducing the true mortality especially in the IHD group and
in low EF subgroups.

To conclude, in this large Swedish cohort study of non-
valvular HF in years 2000 to 2012, we observed that in
patients with IHD, compared with non IHD, the mortality
was increased in all age subgroups, in all subgroups with EF
below 50%, and regardless of sex or HF duration. The in-
creased risk diminished with increasing age and EF. Despite
significant improvements in the treatment of coronary artery
disease, the mortality was significantly higher in IHD than in
non-IHD, throughout the 13 year study period, implicating
that IHD remains a significant prognostic risk factor in HF.
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