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Abstract

Aim Heart failure (HF) is predominantly a disorder of the elderly. During the last decades, cardiovascular primary and
secondary prevention and life expectancy have improved. Accordingly, trends in incidence and prevalence of HF are dynamic
and may differ over time by age and gender. We aim to investigate the overall and age-specific and sex-specific trends, in in-
cidence, prevalence, and the proportion with co-morbidities of HF over a 10 year period in Region Västra Götaland, Sweden.
Methods and results The VEGA database is an administrative database of all patients managed in hospital and/or in primary
care (private and public) living in Region Västra Götaland. All patients with a main or contributory diagnosis of HF (I50) aged
18 years or older between 2008 and 2017 were included. Incidence and prevalence of HF were calculated based on the entire
adult population of Region Västra Götaland. The adult population in Region Västra Götaland increased by 8% from 2008
(n = 1 234 609) to 2017 (n = 1 338 906). Half the population was female and 69% < 60 years of age, both constant over time.
In total, 62 228 incident cases of HF were identified. In 2008, we identified 6464 cases, mean age 78.7 (11.5) years, and 49.8%
(n = 3222) men, while in 2017, 5727 cases were identified, mean age 78.3 (11.8) years, and 52.5% (n = 3006) men. The overall
yearly incidence rate of HF decreased by 3%, RR 0.97 (95% CI 0.96–0.97) per year, P < 0.0001, mainly driven by the age cat-
egories >75 years. A constantly higher incidence of HF was seen for men compared with women in all age categories, RR 1.46
(95% CI 1.44–1.49), P < 0.0001. During the same period, we observed a steady increase in overall prevalence from 1.8% for
women and 2.0% for men in 2008, to 2.4% in women and 2.8% in men in 2017, particularly in those >85 years of age who had
a prevalence of 16.5% (men) and 14.6% (women) in 2008 and 23.5% (men) and 21.5% (women) in 2017. The overall 1 year
mortality rate was 22.7%. When adjusted for age, women had a lower risk for death by 13% compared with men [hazard ratio
0.87 (95% CI 0.84–0.90, P < 0.0001)].
Conclusion We saw a decrease in overall incidence, but incidence of HF remains high, particularly in the oldest age groups.
Prevalence of HF keeps increasing particularly in those aged >85 years. Our findings emphasize the need for implementation
of effective preventive strategies for HF.
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Introduction

Heart failure (HF) is a major public health problem worldwide
with prevalence estimated at 1–2% of the adult population in

high-income western countries.1,2 It is primarily, but not
exclusively, a disorder of the elderly, with prevalence increas-
ing with higher age.3 Sweden has a long-standing tradition of
registry-based studies with an almost complete coverage of
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the population, minimizing selection bias.4 Previous work
from our group showed decreasing rates of hospitalizations
in Sweden for HF in people >45 years, but an increasing
prevalence of hospitalizations for HF in young patients aged
18–44.5 The growing number of people living with obesity is
thought to be an important contributing factor to the rising
number of patients developing HF at a young age.6

Although incidence seems to be decreasing among older
age groups, the absolute number of people living with HF is
expected to increase, because of increasing life expectancy7

and gradually improved HF therapy.8

HF imposes a significant economic burden on society,9

mainly because HF patients often require in-hospital care
which constitutes the bulk of the cost for HF.10 Changes in
population characteristics will affect incidence as, for exam-
ple, HF incidence increases with higher age.1 Many previous
studies, however, have looked exclusively at hospitalized pa-
tients with primary care cases not being considered because
of lack of data in patients managed only in primary care.5,8,11

Several studies have examined trends in HF incidence sug-
gesting there might have been a decline since the mid-
1990s.5,12,13 Previous work in this area mainly consists of co-
horts from the 1990s and 2000s.14 Zarrinkoub et al. per-
formed a population-based study from 2006 to 2010, which
included patients from hospital as well as from primary care,
and found an overall decline in incidence, but no major
change in prevalence.15 Epidemiological population-based
studies in more recent years are needed to confirm this and
to assess current trends in incidence and prevalence includ-
ing primary care. With the population growing older putting
a strain on the health care system, it is of major importance
for policy makers to have reliable and updated information
to be able to make informed decisions when distributing
resources. Accordingly, the aim of the present study was to
investigate contemporary trends in HF incidence and preva-
lence of the entire population of Region Västra Götaland, in-
cluding patients in both primary and hospital-based care.

Method

Study design

This was a retrospective cohort study, using regional and na-
tional registries. Data were extracted from the VEGA data-
base, which is a mandatory administrative database of all pa-
tients managed in Region Västra Götaland of Sweden. Region
Västra Götaland is one of 21 Swedish regional councils that
founds public health care.16 The region holds one sixth of
the Swedish population (approximately 1.7 million inhabi-
tants 2020) and consists of both urban and rural areas.17

The largest city of the region is Gothenburg with approxi-
mately 580 000 inhabitants.18 The VEGA database contains

information both on patients managed in hospital care, and
on all patients managed in primary care, both public and pri-
vate, living in the Region Västra Götaland. The VEGA data-
base has information on primary and secondary diagnoses
made by the treating physician and dates for time of
diagnosis.19 Data were available from 2006 to 2018. Further-
more, data about co-morbidities and mortality were ex-
tracted from the National Patient Register (NPR) and the
Cause of Death Register, respectively. Information about
population size, age, and sex distribution was extracted from
Statistics Sweden. Data were linked based on the unique
personal identification number that each Swedish citizen is is-
sued by the National Board of Health and Welfare. In addi-
tion, information on socioeconomic status was extracted
through the longitudinal integrated database for health insur-
ance and labour market studies (LISA registry) described
more in detail below.

The study was approved by the regional Swedish National
Authority for Ethical Approval and conforms to the principals
of the declaration of Helsinki.

Study populations

Prevalent heart failure population
From the VEGA registry, we identified all patients aged
18 years or older with a diagnosis of HF in primary or contrib-
utory position. Data in the VEGA database were available
from 2006, and the registry was screened as far back as data
allowed. For patients treated only in primary care, this re-
sulted in at least 2 years back-log for patients registered in
2008 and up to 11 years for patients registered in 2017. Dur-
ing the inclusion years for the study, the International Classi-
fication of Diseases, 10th revision (ICD-10) was used, and the
register was screened for codes I50.0–I50.9. We analysed
overall prevalence as well as age-specific and sex-specific
prevalence.

Incident heart failure population
For the incident HF population, similarly to the prevalent
population stated earlier, we identified all patients aged
18 years or older with a first diagnosis of HF in primary or
contributory position from 2008 through 2017 in the VEGA
registry database. The certainty of a first ever HF diagnosis
differs slightly depending on year of inclusion since the time
for back-log was different depending on year of inclusion.
Data from primary care were available from 2006 and for
hospitalized patients from 1997. For hospital outpatient
visits, information was available from 2001 and onwards.
We were able to ascertain that there had been no prior
hospitalization for HF during the preceding decade and
estimated 2 years to be a reasonable lower time limit to be
sufficiently certain of first ever HF diagnosis as was the case
for patients treated exclusively in primary care. For this pop-
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ulation, we analysed incidence, both overall and age-specific
and sex-specific incidence. We also did a more thorough anal-
ysis regarding co-morbidities, mortality, and type of care.

Study periods

We collected data about incidence and prevalence and vari-
ous baseline variables described below between 2008 and
2017. For comparison, the study period was split into two
5 year periods, 2008 to 2012 vs. 2013 to 2017.

Study variables

Incident and prevalent numbers of patients from 2008
through 2017 were described overall by sex, and by age cat-
egories (<65, 65–74, 75–84, and ≥85 years). We selected 24
different conditions and interventions to depict the burden of
incident disease. They included hypertension, diabetes
mellitus, myocardial infarction, angina pectoris, percutaneous
coronary intervention, coronary by-pass graft surgery, periph-
eral artery disease, atrial fibrillation/flutter, stroke/transient
ischaemic attack including intra cranial bleed, any severe
bleed other than intracranial bleed, anaemia, aortic stenosis,
aortic valve surgery, pacemaker of any kind, renal failure,
liver disease, lung disease, chronic obstructive pulmonary
disease, sleep apnoea, gout, alcoholism, musculoskeletal or
connective tissue disease, malignant disease, and mental
disorders. For ICD-10 codes, see Supporting Information,
Table S1. The number of any co-morbidities, cardiovascular
(CV) related, and non-CV related co-morbidities was calcu-
lated for all patients (see Supporting Information, Table S1
for categorization). The screening for co-morbidities was car-
ried out according to ICD-10 and reached back to 1997.

Socio-economic status was included as information on
marital status, income, and education. Marital status was cat-
egorized into married, unmarried, divorced, and widowed.
Level of education was divided into primary (<10 years), sec-
ondary (10–12 years), and post-secondary education
(>12 years). Total income was adjusted for consumer price
index of each year and described in quartiles.

Study outcome

One year all-cause mortality was the outcome studied for the
incident HF population. The patients were followed from the
HF incidence date until death within 1 year, or they were
censored at 365 days after the HF incidence date. Data from
the VEGA-register were available until the end of 2018 ensur-
ing 1 year follow-up for all included patients.

Statistical analysis

Descriptively, for continuous variables mean, standard devia-
tion (SD), median and range, or median and interquartile
range (IQR) were presented, as appropriate. For categorical
variables, number and percentage were given.

For test of differences regarding patient characteristics be-
tween the study periods 2008–2012 and 2013–2017 in the in-
cident HF population, Fisher’s exact test was used for dichot-
omous variables, Mantel–Haenszel χ2 trend test for ordered
categorical variables, χ2 test for non-ordered categorical var-
iables and Mann–Whitney U-test for continuous variables.

The age-specific and sex-specific incidence rates per 100
person years per calendar year were obtained using Poisson
regression. The percentage of prevalent HF patients was de-
scribed per age category, sex, and year. Test for trend over
calendar years, as well as yearly and age-adjusted difference
between men and women in incidence rates was performed
using binomial regression presenting relative risk (RR) with
95% CI for yearly, and by age category differences.

Age-adjusted and sex-adjusted Cox regression analyses
were used when separately studying associations between
different patient characteristics and time to all-cause mortal-
ity during first year from incident HF for the two time periods
2008–2012 and 2013–2017. The results were described by
hazard ratios (HR) and 95% confidence intervals (CI). The dif-
ference in HRs between the two time periods was evaluated
through interaction analysis, including variable of interest,
time period, and the interaction variable × time period in
the model. All tests were two-tailed. P-values were
interpreted following an application of Bonferroni–Holm ad-
justment for multiple comparisons, for a total significance
mass of 0.05. All analyses were performed using SAS software
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

The total adult population of Region Västra Götaland in-
creased from 1 215 114 people in 2008 to 1 306 370 people
in 2017. Approximately 70% of the population were aged
below 60 years and 1% above 90 years of age, with age
distribution constant over time. During all years from 2008
to 2017, the age distribution among women was skewed to-
wards an older age compared with men.

Characteristics of patients with incident heart
failure

A total number of 62 228 cases of incident HF were recorded
over the entire time-period years 2008 to 2017 (Table 1).
Mean age was 78.6 (11.8) years and median age 81 (range
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18–109) with women constituting 49.8% of incident HF cases.
Most patients (53.3%) had primary education only (<10 years)
while 13.2% had post-secondary education (>12 years). Mean
number of co-morbidities was 5.02 (2.60), with non-CV co-
morbidities making up slightly more than half with a mean
number of 2.66 (1.80) per person. Among individual,
co-morbidities hypertension was the most common and was
present in 72.4% of HF cases, and 58.4% of patients had mus-
culoskeletal and connective tissue disease. Atrial fibrillation/
flutter was present in 41.8% of patients. Other frequent
co-morbidities included diabetes mellitus, myocardial infarc-
tion, angina pectoris, stroke or transitory ischaemic attack, se-
vere bleeding, lung disease, cancer, mental or behaviour disor-
der, and anaemia. Patients who had only attended primary
care when first registered constituted 30.1% of HF patients,
ranging from 25.7% in 2006–2007 to 32.4% in 2008–2009.

There was a very small but statistically significant differ-
ence in age at onset between the two time periods studied,
78.8 years (2008–2012) vs. 78.3 years (2013–2017). Women
constituted 50.8% of HF patients in 2008–2012 and 48.7%
of HF-patients in 2013–2017. In the time-period 2008–2012,
57.0% had education <10 years; in 2013–2017, this number
had decreased to 49.0%, reflecting the increasing availability
of education during the last century. HF patients in the time-
period 2008–2012 had less co-morbidities compared with HF
patients in 2013–2017. All individual co-morbidities increased
over time in the patients except for angina pectoris that de-
creased slightly (Table 1).

Prevalence

Overall prevalence of heart failure was 1.8% for women and
2.0% for men in 2008, increasing to 2.4% in women and
2.8% in men in 2017, and constantly higher for men than
women in all age groups. Among those ≥85 years of age al-
most one in four (23.5% and 21.5%, respectively for men
and women) were living with a HF diagnosis in 2017 (Fig-
ure 1). Prevalence increased significantly over time in those
over age 75. The trend for overall prevalence increased be-
tween 2008 and 2014 to 2015 depending on age group and
thereafter levelling off to a rather stable level between
2014 to 2015 and 2017. In women, 75–84 years of age prev-
alence increased from 8.1% in 2008 to 9.5% in 2017 and in
men in the same age group prevalence increased from
11.4% to 12.7%.

Incidence

In total, there were 62 228 individuals with registered
incident HF between years 2008 and 2017. Overall yearly in-
cidence of HF was between 0.4% and 0.6% with a decrease of
3% per year assuming linear trend, RR 0.97 per year (95% CI

0.96–0.97), P < 0.0001. The incidence was higher in men
than in women, age and calendar years adjusted RR 1.46
(95% CI 1.44–1.49), P < 0.0001. The age-adjusted RRs for
men vs. women ranged between 1.39 and 1.52 for different
calendar years. Absolute incidence increased dramatically
with higher age, reaching 7.0 and 5.7 per 100 person years
among men and women ≥85 years of age (Figure 2). Regard-
ing the relative difference between men and women for
different age categories the RR adjusted for calendar year de-
creased with higher age category; for age <65 years, RR 2.02
(95% CI 1.93–2.12), P < 0.0001; for age ≥85 years, RR 1.31
(95% CI 1.27–1.34), P < 0.0001 (Figure 3).

For all age groups, <65 years (RR 0.98 [95% CI 0.97–0.99],
P < 0.0001), 65–74 years (RR 0.96 [95% CI 0.95–0.97],
P < 0.0001), 75–84 years (RR 0.96 [95% CI 0.96–0.96],
P < 0.0001), and ≥85 years (RR 0.97 [95% CI 0.97–0.97],
P < 0.0001), incidence decreased significantly between
2008 and 2017 assuming linear relation over the calendar
years, and this was the case for both sexes. There was initial
numerical increase in older age groups, between 2008 and
2010 RR 1.05 (95% CI 1.04–1.07), P < 0.0001, with subse-
quently decreasing incidence rates between 2011 and 2017
RR 0.96 (95% CI 0.95–0.96), P < 0.0001.

Mortality in incident heart failure population

The overall 1 year mortality rate was 22.7% (14 121 out of
62 228). When stratified by age, the mortality rate was higher
for patients above the median age of 81 years. 1 year mortal-
ity rate in this group was 32.6%, whereas among patients be-
low or equal to 81 the 1 year mortality rate was 13.7%.
Women had lower age-adjusted mortality risk compared with
men, hazard ratio 0.87 (0.84–0.90 P < 0.0001). Belonging to
one of the higher income groups (quartile 2–4) compared
with the lowest income group (quartile 1) was associated
with lower mortality rate in the first period (2008–2012)
(Figure 4). Patients with a greater number of co-morbidities
had a higher risk of death within 1 year compared with pa-
tients with a lower number of co-morbidities; for example,
patients with >5 co-morbidities had a hazard ratio of 1.63
(1.55–1.72; P < 0.0001) compared with patients with 0–2
co-morbidities. Hypertension was associated with a lower risk
for death compared with no hypertension. Diabetes mellitus,
myocardial infarction, and peripheral vascular disease were
associated with a greater risk for death compared with not
having these co-morbidities. In contrast, having undergone
percutaneous coronary intervention or coronary-bypass graft
surgery was associated with a lower risk for 1 year mortality
compared with patients who had not had these interventions
(Figure 4). These presented results remained significant after
Bonferroni–Holm correction for multiple testing.

An interaction analysis for various variables and their
impact on death during first year post-HF incidence over time
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Table 1 Descriptive data for incident HF patients in VEGA/NPR 2008–2017 by 5 year calendar periods

Total
(n = 62 228)

2008–2012
(n = 33 676)

2013–2017
(n = 28 552) P-value

Age at HF onset (years) 78.6 (11.8) 78.8 (11.6) 78.3 (12.0) <0.0001
81 (16; 109) 81 (18; 108) 80 (16; 109)
n = 62 229 n = 33 676 n = 28 553

Age category
<65 years 7410 (11.9%) 3925 (11.7%) 3485 (12.2%)
65–74 years 11 500 (18.5%) 5906 (17.5%) 5594 (19.6%)
75–84 years 21 349 (34.3%) 11 795 (35.0%) 9554 (33.5%)
85+ years 21 969 (35.3%) 12 050 (35.8%) 9919 (34.7%) <0.0001

Sex
Men 31 216 (50.2%) 16 577 (49.2%) 14 639 (51.3%)
Women 31 012 (49.8%) 17 099 (50.8%) 13 913 (48.7%) <0.0001

Age category: Men
<65 years 4969 (15.9%) 2589 (15.6%) 2380 (16.3%)
65–74 years 6952 (22.3%) 3534 (21.3%) 3418 (23.3%)
75–84 years 10 858 (34.8%) 5917 (35.7%) 4941 (33.8%)
85+ years 8437 (27.0%) 4537 (27.4%) 3900 (26.6%) 0.0005

Age category: Women
<65 years 2441 (7.9%) 1336 (7.8%) 1105 (7.9%)
65–74 years 4548 (14.7%) 2372 (13.9%) 2176 (15.6%)
75–84 years 10 491 (33.8%) 5878 (34.4%) 4613 (33.2%)
85 + years 13 532 (43.6%) 7513 (43.9%) 6019 (43.3%) 0.012

Marital status
Married 24 360 (39.2%) 13 099 (38.9%) 11 261 (39.5%)
Unmarried 6978 (11.2%) 3654 (10.9%) 3324 (11.6%)
Divorced 9618 (15.5%) 4895 (14.5%) 4723 (16.5%)
Widowed 21 233 (34.1%) 12 001 (35.7%) 9232 (32.3%) <0.0001
Missing 39 27 12

Education
<10 years 32 310 (53.3%) 18 633 (57.0%) 13 677 (49.0%)
10–12 years 20 282 (33.5%) 10 276 (31.5%) 10 006 (35.9%)
>12 years 7980 (13.2%) 3763 (11.5%) 4217 (15.1%) <0.0001
Missing 1656 1004 652

Number of co-morbidities 5.02 (2.60) 4.63 (2.46) 5.47 (2.68) <0.0001
5 (0; 17) 4 (0; 17) 5 (0; 17)

n = 62 229 n = 33 676 n = 28 553
Number of co-morbidities (cat.)

0–2 co-morbidities 10 517 (16.9%) 6827 (20.3%) 3690 (12.9%)
3–5 co-morbidities 27 315 (43.9%) 15 578 (46.3%) 11 737 (41.1%)
>5 co-morbidities 24 396 (39.2%) 11 271 (33.5%) 13 125 (46.0%) <0.0001

Number of CV co-morbidities 2.36 (1.63) 2.24 (1.60) 2.49 (1.67) <0.0001
2 (0; 11) 2 (0; 10) 2 (0; 11)

n = 62 229 n = 33 676 n = 28 553
Number of CV co-morbidities (cat.)

0–2 co-morbidities 37 689 (60.6%) 21 252 (63.1%) 16 437 (57.6%)
3–5 co-morbidities 21 485 (34.5%) 11 059 (32.8%) 10 426 (36.5%)
>5 co-morbidities 3055 (4.9%) 1365 (4.1%) 1690 (5.9%) <0.0001

Number of non-CV co-morbidities 2.66 (1.80) 2.39 (1.69) 2.98 (1.86) <0.0001
2 (0; 11) 2 (0; 11) 3 (0; 11)

n = 62 228 n = 33 676 n = 28 553
0–2 co-morbidities 31 797 (51.1%) 19 222 (57.1%) 12 575 (44.0%)
3–5 co-morbidities 25 982 (41.8%) 12 823 (38.1%) 13 159 (46.1%)
>5 co-morbidities 4449 (7.1%) 1631 (4.8%) 2818 (9.9%) <0.0001

Hypertension 45 025 (72.4%) 22 978 (68.2%) 22 047 (77.2%) <0.0001
Diabetes mellitus 14 650 (23.5%) 7580 (22.5%) 7070 (24.8%) <0.0001
Myocardial infarction 15 754 (25.3%) 8406 (25.0%) 7348 (25.7%) 0.028
Angina 14 975 (24.1%) 8316 (24.7%) 6659 (23.3%) <0.0001
Percutaneous coronary intervention 6722 (10.8%) 3113 (9.2%) 3609 (12.6%) <0.0001
Coronary artery bypass graft 7922 (12.7%) 3955 (11.7%) 3967 (13.9%) <0.0001
Peripheral vascular disease 6603 (10.6%) 3303 (9.8%) 3300 (11.6%) <0.0001
Atrial fibrillation/flutter 25 990 (41.8%) 13 232 (39.3%) 12 758 (44.7%) <0.0001
Stroke or transient ischaemic attack including
intracranial bleed

13 689 (22.0%) 7208 (21.4%) 6481 (22.7%) 0.0001

Any severe bleed except intracranial 15 069 (24.2%) 7356 (21.8%) 7713 (27.0%) <0.0001
Anaemia 15 352 (24.7%) 7121 (21.1%) 8231 (28.8%) <0.0001
Aortic stenosis 4473 (7.2%) 2169 (6.4%) 2304 (8.1%) <0.0001

(Continues)
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was carried out. We compared incident HF cases between
2008–2012 and 2013–2017. Having had percutaneous coro-
nary intervention was a protective factor for risk of 1 year
mortality, but significantly less so in 2013–2017 (HR 0.82,
95% CI 0.75–0.89) compared with incident HF cases in
2008–2012 (HR 0.69, 95% CI 0.62–0.76) (P for interaction

0.0079), the same was true for patients who had
coronary-bypass graft surgery, with a significant interaction
between intervention and period (P = 0.0006). Renal failure,
liver disease, and peripheral vascular disease were associated
with a markedly higher risk of death compared with patients
not having these conditions. Over time, however, the impact

Table 1 (continued)

Total
(n = 62 228)

2008–2012
(n = 33 676)

2013–2017
(n = 28 552) P-value

Aortic valve surgery 985 (1.6%) 465 (1.4%) 520 (1.8%) <0.0001
Pacemaker (of any kind) 4493 (7.2%) 2303 (6.8%) 2190 (7.7%) <0.0001
Renal failure 4802 (7.7%) 2149 (6.4%) 2653 (9.3%) <0.0001
Liver disease 1242 (2.0%) 572 (1.7%) 670 (2.3%) <0.0001
Lung disease 17 474 (28.1%) 8617 (25.6%) 8857 (31.0%) <0.0001
COPD/bronchitis 13 500 (21.7%) 6775 (20.1%) 6725 (23.6%) <0.0001
Sleep apnoea 2464 (4.0%) 1035 (3.1%) 1429 (5.0%) <0.0001
Alcoholism 2590 (4.2%) 1157 (3.4%) 1433 (5.0%) <0.0001
Gout 4507 (7.2%) 1906 (5.7%) 2601 (9.1%) <0.0001
Musculoskeletal or connective tissue disorder (last 3 years) 36 335 (58.4%) 18 251 (54.2%) 18 084 (63.3%) <0.0001
Malignant cancer (last 3 years) 14 458 (23.2%) 7007 (20.8%) 7451 (26.1%) <0.0001
Mental or behavioural disorder (last 3 years) 23 075 (37.1%) 10 978 (32.6%) 12 097 (42.4%) <0.0001

For categorical variables n (%) is presented.
For continuous variables mean (SD)/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, the
Mantel–Haenszel χ2 test was used for ordered categorical variables, χ2 test was used for non-ordered categorical variables, and the
Mann–Whitney U-test was used for continuous variables.

Figure 1 Prevalence of HF 2008–2017 presented by age and sex categories.
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of these co-morbidities on death decreased slightly but the
difference was statistically significant (Figure 4). Being un-
married was associated with a higher risk of death compared
with being married, and this risk seemed to be of greater
importance in 2013–2017 compared with 2008–2012 (P for
interaction 0.0063). However, after performing Bonferroni–
Holm correction for multiple testing on the interaction analy-
sis atrial fibrillation/flutter and coronary artery bypass graft

surgery were significant (P = 0.0011 and P = 0.0006,
respectively).

Discussion

This population-based study of HF in Region Västra Götaland,
Sweden, with complete coverage of the population, including
all diagnosed cases of HF in hospital and primary care pro-
vides an updated insight into the burden of HF and changes
over the last decades. The main result of our study was an
overall slight decrease in incidence over time, with an initial
increasing incidence peaking in 2010, and thereafter a de-
crease by 4% per year, mostly driven by changes in the older
age groups. Overall prevalence increased until 2014 and then
evened out to a plateau. The increasing trend between 2008
and 2010 could be due to natural variations but also in part
due to better reporting of diagnoses in the VEGA registry. In
2009, policy changes made it economically favourable with
meticulous reporting of diagnoses to the administrative sys-
tems, and an increase in reporting was seen because of this.

Our cohort is extracted from an administrative database
and does not allow for a distinction between different
subtypes of HF such as heart failure with preserved ejection

Figure 2 Incidence of HF 2008–2017 presented by age and sex categories.

Figure 3 Risk ratio for men versus women with respect to incidence of
HF 2008–2017, adjusted for calendar years and distribution of age over
calendar years.
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fraction (HFpEF) and heart failure with reduced ejection
fraction (HFrEF). Changes in the treatment and incidence of
different co-morbidities will likely affect the incidence of dif-
ferent subtypes of HF to different extent, and the overall
change in incidence of HF will be the result of the net impact
of various factors.

Previous population-based studies showed a slight de-
crease in overall incidence, a trend that we could confirm in
our more recent material.15,20 Compared with the study by
Zarrinkoub et al., our overall incidence numbers are slightly
higher. The Zarrinkoub study included the entire population
of their catchment area including children (age <18) whereas
we included only the adult part of the population, which
could explain differences in overall incidence.15 Also, the pop-

ulation of our catchment area is more representative of the
entire Swedish population, with a mix of urban and rural
areas, whereas the Zarrinkoub study predominantly included
people living in a large city.15 A large British study described
an overall decrease in incidence of 7% between 2002 and
2014; however, this decrease was not seen in the very old
(>85 years).20 In an earlier, nationwide study from Sweden
describing incidence in hospitalized patients the same pat-
tern was seen with a decrease in patients 55 to 84 years;
however, patients >84 years were excluded.5 This differed
from our study where we observed the most marked de-
crease among patients over the age of 85. We believe that
the major reason for the decrease in incidence observed in
our study among the oldest part of the population is due to

Figure 4 Age-adjusted and sex-adjusted HR for 1 year all-cause mortality in different time periods, including interaction analysis between time-period
and studied variable.
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improved primary prevention regarding ischaemic heart
disease and hypertension compared with earlier. The intro-
duction of new techniques for intervention of aortic stenosis
that imposes less risk during intervention makes it possible to
intervene in a frailer part of the population and could also,
but likely to a lesser extent, be a contributing factor to
decreasing incidence of HF.21

The most important risk factor for HF is myocardial infarc-
tion (AMI), and the risk for AMI has decreased substantially
over the last decades and is likely part of the explanation
for the drop in incidence of HF.22 Similarly, previous work
from our group showed a decreasing incidence of HF after
AMI between 1993 and 2004.23 Although prior AMI is primar-
ily associated with the development of HFrEF, 30–60% of the
HFpEF population have suffered an AMI; thus, it may be
linked to the development of HF in the HFpEF population as
well.24,25

We demonstrated increasing prevalence of HF over the en-
tire study period, particularly in people over 75 years with the
highest prevalence in those ≥85 years of age. A previous
study from our group showed increasing prevalence in the
oldest part of the population, >84 years, a trend that contin-
ued in our more recent study until 2014–2015, then evened
out to a plateau.8 We did not observe the same decrease in
prevalence among those 60–70 years of age as seen before.
One possible explanation is that only hospitalized HF patients
were included in the previous study, and referred to the time-
period 1990–2007, whereas our study was based on the en-
tire population of Region Västra Götaland and included all
HF cases both in hospital and primary care, and from the
more recent time period 2008–2017.8

With HF being primarily a disorder of the elderly,
increasing overall prevalence was expected due to a shift in
demographic composition with more people surviving to a
higher age, a change that is expected to continue.7 Better
implementation of more effective medical treatment for HF
evolving over the last decades could also be part of the
explanation since it allows patients to live longer.26,27 In part,
this is contradicted by the fact that mortality rates did not
change in any marked way between the two time periods
2008–2012 and 2013–2017. A new medication with an im-
pact on death in HF was discovered during the last years,
the angiotensin-neprilysin inhibitor.28 Results from the
PARADIGM-HF study, however, were released in 2014, and
the substance was not used widely in the population during
the years of our study, and therefore, a reduction in mortality
rates might not be expected due to this specific drug during
our study period.

Total number of co-morbidities in HF patients increased
between 2008 and 2017. Substantial increase in certain
non-cardiac co-morbidities such as malignancies, mental dis-
orders, alcoholism, and renal failure were seen over the years
studied and paints a picture that HF patients are becoming
more complex, making treatment more challenging for physi-

cians, further increasing burden on the healthcare system. A
similar picture was seen in the British study referred to
earlier.20 Among cardiac co-morbidities, atrial fibrillation in-
creased from 39.3% to 44.7%. A large study regarding the
possible positive effects of screening for atrial fibrillation in
an attempt for better stroke prevention have been published
during this period.29 This might be a contributing factor if it
has motivated physicians to be more active in their search
for this condition among patients. An ageing population can
also be part of the explanation, as prevalence of atrial
fibrillation increases with higher age.30

Some of the more important impact-factors on all-cause
death 1 year after incident HF diagnosis changed between
the different time periods. For example, percutaneous coro-
nary intervention and coronary by-pass graft surgery were
protective factors but to a lesser extent in the later time-
period. This could likely be explained by a tendency towards
more interventions in an older and more co-morbid popula-
tion in later years. A medical history of myocardial infarction
(MI) was associated with higher mortality rates compared
with patients without MI, well in line with previous data
supporting that HF of ischaemic origin has a worse prognosis
than HF of other origins.31

Strengths and limitations

One major strength of our study is the design including the
entire population in our region, through mandatory regis-
tries, providing a comprehensive overview of an entire region
of Sweden. We included the HF diagnosis from primary care
facilities as well as hospitals making our study one of rela-
tively few where all cases of HF were included and not only
hospital cases. Also, the catchment area of our study consists
of both urban and rural areas, making it representative for
the Swedish population.

There are also some limitations. Data about diagnosis are
entirely taken from administrative registries, and therefore,
we rely on the treating physician to have made a correct
judgement about the diagnosis. The validity of HF diagnoses
at the Sahlgrenska University Hospital reported to the Na-
tional Patient registry has been investigated,32 with only 6%
of cases reported as miscoded, supporting an older validation
study.33 However, although validity of the HF diagnosis has
proven to be high in Swedish medical records, this validity
has only been tested in hospital settings and less is known
about the validity of the HF diagnosis in primary care.30 Be-
cause the VEGA register started in 2006, our run-in period
for patients that have only been treated in primary care
was only 2 years, which could have overestimated incident
cases slightly if there was a previous HF diagnosis before
2006, a risk we judged as small and not likely to have had a
relevant impact on our results.
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Conclusion

By access to VEGA database covering the entire population in
our region and linked with other national quality registers, we
observed a slightly decreasing overall incidence of HF after
2010, driven by changes in the population older than
70 years. Overall prevalence of HF for the same period, how-
ever, increased in the beginning of the time-period to even
out to a plateau from 2014 to 2015. We observed a signifi-
cant variation regarding both incidence and prevalence in dif-
ferent age and gender subgroups. In addition, we noticed an
increase in co-morbidities over time in the HF population.
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