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ORIGINAL ARTICLE
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Aim To investigate temporal trends in inpatient vs. outpatient diagnosis of new-onset heart failure (HF) and the subsequent
risk of death and hospitalization.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods and
results

Using nationwide registers, 192 581 patients with a first diagnosis of HF (1997–2017) were included. We computed
incidences of HF, age-standardized mortality rates, and absolute risks (ARs) of death and hospitalization (accounting
for competing risk of death) to understand the importance of the diagnosis setting in relation to subsequent mortality
and hospitalization. The overall incidence of HF was approximately the same (170/100 000 persons) every year during
1997–2017. However, in 1997, 77% of all first diagnoses of HF were made during a hospitalization, whereas the
proportion was 39% in 2017. As inpatient diagnoses decreased, outpatient diagnoses increased from 23% to 61%.
Outpatients had lower mortality and hospitalization rates than inpatients throughout the study period, although the
1-year age-standardized mortality rate decreased for each inpatient (24 to 14/100-person) and outpatient (11 to
7/100-person). One-year and five-year AR of death decreased by 11.1% and 17.0%, respectively, for all HF patients,
while the risk of hospitalization for HF did not decrease significantly (1.13% and 0.96%, respectively).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusion Between 1997 and 2017, HF changed from being primarily diagnosed during hospitalization to being mostly diagnosed
in the outpatient setting. Outpatients had much lower mortality rates than inpatients throughout the study period.
Despite a significant decrease in mortality risk for all HF patients, neither inpatients nor outpatients experienced a
reduction in the risk of an HF hospitalization.
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Graphical Abstract Inpatient vs. outpatient diagnosis and outcomes of new-onset heart failure in Denmark during 1997–2017.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Keywords Heart failure � Inpatient � Outpatient � Temporal trend � Incidence � Prognosis

Introduction
Since the beginning of the new millennium, major improvements
in the treatment and diagnosis of heart failure (HF) have been
made.1 However, 17–45% of patients admitted to a hospital with
newly presenting HF die within 1 year2 and survival rates in certain
subgroups are still worse than those for several common cancers
(e.g. colon, breast, or prostate cancer).3,4

A survey organized by the European Society of Cardiology
showed that patients newly diagnosed with HF in the outpatient
setting had significantly better 1-year survival than patients first
diagnosed with HF after a hospital admission.5 This may be because
patients admitted to a hospital are older, suffer from more comor-
bidities, and have a longer duration of HF, more severe HF, or a
combination of these. In the BIOlogy Study to TAilored Treatment
in Chronic Heart Failure (BIOlSTAT-CHF) study, patients enrolled
in hospitals were sicker than those recruited in outpatient clinics.
However, these patients were not patients with a first presentation
of HF and it is therefore not known whether there are similar dif-
ferences between outpatients and inpatients with newly diagnosed
HF.4 There has also been a recent recognition and increased aware-
ness of HF as an important clinical challenge globally. Development
of specialist clinics and services and wider availability of echocar-
diography and natriuretic peptides may have led to earlier diagnosis
and treatment in the community and, possibly, reduced mortality
at a population level and even reduced rates of hospital admission.
To examine trends in the place of first diagnosis (outpatient

or in hospital), HF treatment, and outcomes (death and hospital
admission), we studied all newly presenting cases of HF in Denmark
between 1997 and 2017. We hypothesized that the first diagnosis
of HF would be made more often in outpatient clinics (compared
with in hospital), that the use of life-saving therapy would improve,
and that rates of death and hospitalization due to worsening HF
would decrease over the period studied.
This study suggests that patients presenting with new-onset

HF as inpatients and outpatients are two different patient types.
Our findings show that HF patients diagnosed in an outpatient
setting have a much better prognosis than inpatients. Consequently,
inpatients need close follow-up after HF hospitalization, due to the
significant impact of the vulnerable phase following hospitalization.
The long-term prognostic impact of the diagnosis setting needs to
be studied further; however, this study suggests that diagnosing an

....................................................................................................................................

increasing number of HF patients in the outpatient setting could
improve management and prognosis.

Methods
The Danish healthcare system
Denmark has a nationwide public healthcare system. All citizens are
registered with a primary care physician and virtually all inpatient care
is delivered in public hospitals. Consequently, the national records
document almost all outpatient and inpatient episodes of care and each
episode is linked to individual patients through a unique patient identifi-
cation number, which also allows linkage to prescriptions and deaths. It
is recommended that patients with any clinical suspicion of HF be either
referred to an outpatient clinic at a public hospital for echocardiography
or acutely admitted at a public hospital if considered necessary at the
discretion of the primary physician. The Supplementary material online,
Figure S1, illustrates how the Danish healthcare system is structured.

Data sources
The data for this study were obtained from four Danish nationwide
registers: the National Patient Register contains data on all in- and
outpatient hospital contacts, coded with one primary diagnosis at
discharge according to the International Classification of Diseases 10
(ICD-10) and one or more secondary diagnoses if relevant.6 The Na-
tional Prescription Register contains data on every medical prescription
that has been collected at Danish pharmacies.7 The National Cause of
Death Register contains data regarding the date of death, including pri-
mary and underlying causes of death.8 The Central Population Register
holds information on sex, date of birth, and migration.9 According to
Danish regulations, register-based retrospective studies do not require
ethical approval. The Danish personal identification system enables the
cross-linking of data between registers. Thus, patients can only be lost
to follow-up in case of emigration.

Study population
All in- and outpatients with a first-ever diagnosis of HF between 1997
and 2017 were identified. An inpatient first diagnosis of HF was defined
as a patient hospitalized for HF as the primary diagnosis (= ‘admission
for acute decompensated HF as initial HF diagnosis’), with no prior diag-
nosis of HF (either as a primary or secondary coding) and where hospi-
talization was defined as at least an overnight stay. The Danish National
Patient Register was incepted in 1978 and we were, therefore, able to
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ensure that patients did not have any prior diagnosis of HF between
1978 and the time of inclusion. An outpatient first diagnosis of HF was
defined as the first record of HF in an outpatient clinic—be it a primary
or secondary diagnosis, with the same ‘look-back’ period to exclude any
primary or secondary coding for HF. The Danish patient registers do not
contain records of consultations with general practitioners and an out-
patient diagnosis of HF, therefore, refers to a new onset of HF diagnosed
by a cardiologist in an outpatient clinic. The ICD-10 codes used to define
HF in this study have been validated previously (ICD-10—I50: HF; I42:
cardiomyopathy; I11.0: hypertensive heart disease with congestive HF;
or J81.9: pulmonary oedema).10–12 Patients were included if they were
between 18 and 99 years old. We excluded patients who had either
emigrated from Denmark or immigrated to Denmark less than 3 years
prior to new-onset HF to ensure that we only found first-time cases
of HF. Patients were included from the date of the first diagnosis of HF
and followed until death, emigration, or 31 December 2018—whichever
came first. This ensured that all patients had a potential minimum of
1 year of follow-up since the last day of inclusion was 31 December 2017.

Baseline characteristics
Information on patient age and nursing home status was defined at
the time of their respective first-time diagnosis of HF (baseline). Prior
history of comorbidity was defined in the same way and included:
ischaemic heart disease (IHD), myocardial infarction (MI), coronary
intervention, atrial fibrillation (AF), essential hypertension, stroke,
diabetes mellitus (DM), chronic kidney disease (CKD), chronic obstruc-
tive pulmonary disease (COPD), and cancer (except non-melanoma
skin cancer). All comorbidities were defined based on ICD-10 codes
reported prior to the first HF diagnosis. The ICD-10 codes used to
define these are reported in the Supplementary material online, Table
S2, and have previously been validated with high positive predictive
values.6,10 Medication at baseline was defined as a redeemed pre-
scription up to 6 months prior to the first-time diagnosis of HF and
included the following: beta blockers (BBs), renin–angiotensin-system
inhibitors (RASi), diuretics, mineralocorticoid receptor antagonists
(MRAs), statins, digoxin, anti-diabetic drugs, and anti-coagulants.

Outcomes
The outcomes of interest were all-cause mortality and HF hospital-
ization. HF hospitalization was defined as the first hospitalization due
to HF after first diagnosis of new-onset HF. This would refer to the
first HF hospitalization for outpatients and, in theory, the first HF re-
hospitalization for inpatients. An HF hospitalization required a primary
diagnosis of HF and an overnight hospital stay to exclude admission for
minor medical procedures that did not reflect worsening HF.

Statistical analysis
Patients were characterized into five age groups: <60 years, 60–
69 years, 70–79 years, 80–89 years, and 90–99 years. A non-stratified
comparative analysis was carried out to display temporal trends in diag-
nosis by clinical setting (inpatient or outpatient), plotting the incidence
of HF between 1997 and 2017. Thereafter, 1-year and 5-year age-
standardized mortality rates were computed and the temporal trends
during 1997–2017 were plotted, both of which were standardized
according to the Danish population in 2017. Then, the time interval was
divided into four subintervals—1997–2001, 2002–06, 2007–11, and
2012–17—and cumulative incidence curves were made to estimate 1-
year and 5-year absolute risks of death for each subinterval. Afterwards,
the temporal trend in HF hospitalization between 1997 and 2017 was
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examined using cumulative incidence plots of HF hospitalization within
30 days of new-onset HF (an HF hospitalization within 30 days might be
considered inseparable from the index event) and from 31 to 1826 days
(= 5 years), separately, stratified in the four subintervals of the study
period. Multivariate Cox proportional hazard models were applied to
test for a potential interaction between incidence rates of outcomes
(death or a HF hospitalization), patient type (in- vs. outpatients), and
time periods. Hazard ratios were estimated between inpatients and
outpatients, the latter being the reference group, and then presented as
a forest plot. Adjustment for sex, age, and history of IHD, AF, stroke, and
diabetes, at the time of new-onset HF, was performed. Model assump-
tions, such as linearity of continuous variables, the proportional hazard
assumption, and lack of interactions, were tested and found valid unless
otherwise stated. Additionally, temporal trends in treatment were also
analysed, examining use of BBs, RASi, MRAs, and loop diuretics either
6 months prior to new-onset HF or 90 days after diagnosis. Only for this
analysis, patients who did not survive the first 90 days were excluded.

Supplementary analyses
A comparison of the incidence of HF in the in- and outpatient settings
was made between several patient subgroups: <70 years vs. ≥70 years;
male vs. female; DM vs. no DM; IHD vs. no IHD; AF vs. no AF; COPD
vs. no COPD; and essential hypertension vs. no essential hypertension.
To understand the temporal trend in age at the time of new-onset
HF, we portrayed the temporal trend in the median age of inpatients,
outpatients, and all patients at the time of new-onset HF. As a sensitivity
analysis, we calculated age-standardized mortality and HF hospitalization
rates for each of the following five subgroups separately: prior history
of no comorbidity vs. cardiovascular comorbidity vs. non-cardiovascular
comorbidity, and male vs. female. Cardiovascular comorbidities were
IHD, AF, and stroke, while non-cardiovascular comorbidities were DM,
COPD, and cancer. Additionally, the cumulative incidence of death was
computed for the first 30 days and 31–1826 (= 5 years) days after
new-onset HF, respectively, and stratified in the four subintervals of the
study period. The temporal trends in death within 30 and 31–1826 days
were calculated to support the understanding of the temporal trend in
the hospitalization for HF pattern. Finally, outcome data for the whole
HF cohort independent of the location of diagnosis were calculated and
presented.

Results
Baseline characteristics
The selection of people for this study is illustrated in Figure 1. We
included 192 581 patients with a first diagnosis of HF, with 50.6%
identified in the inpatient setting and 49.4% as outpatients (Figure 1).
Inpatients were 5 years older than outpatients and were less likely to
be women (53.7% vs. 61.2%). Inpatients had a higher prevalence of
comorbidity than outpatients, with the exception of coronary heart
disease and coronary intervention, which were increasing and more
common in outpatients throughout the study (52.6% vs. 41.2%). In-
patients were less likely to already be on cardiovascular medication
at the time of HF diagnosis, except for loop diuretics (Table 1). The
temporal trends in patient characteristics suggest a decreasing me-
dian age of patients presenting with new-onset HF, increasing preva-
lence of comorbidity, and an increasing percentage of patients initi-
ated on cardiovascular medication at the time of HF diagnosis, still
excluding loop diuretics (Supplementary material online, Table S1).
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Figure 1 Flowchart depicting the inclusion and exclusion criteria for the study population in this study. Light grey boxes indicate inclusion,
whereas dark grey boxes indicate exclusion.

Incidence of HF during 1997–2017
The first diagnosis of HF usually occurred in an inpatient setting
before 2005, but after 2005 more first HF diagnoses were made
in outpatient clinics than during hospital admission. As inpatient
diagnoses decreased from 77% in 1997 to 39% in 2017, outpatient
diagnoses increased from 23% in 1997 to 61% in 2017 (Figure 2).
Although the place of diagnosis changed over time, the overall
incidence of new-onset HF in Denmark did not change between
1997 and 2017. This change was observed in all important sub-
groups including +/− IHD, +/− type 2 diabetes, and +/− AF
(Supplementary material online, Table S3).

Temporal trends in mortality risk
The overall rate of mortality decreased from 1997 to 2017
(Figure 3C, D). The age-standardized 1-year and 5-year mortality
rates for both in- and outpatients decreased significantly during
the period of study (Figure 3A, B). Both 1-year and 5-year age-
standardized mortality rates were significantly lower for outpatients
(11/100-person in 1997 and 7/100-person in 2017) than inpatients
(24/100-person in 1997 and 14/100-person in 2017). The sensitivity
analysis also showed that following stratification by comorbidty
and sex, outpatients still had significantly lower age-standardized
mortality rates than inpatients. The 1-year and 5-year absolute risk
of death decreased by 11.1% (from 30.1% to 19.0%) and 17.0%
(from 62.4% to 45.4%), respectively, for all HF patients between
1997 and 2017 (Supplementary material online, Figure S4). Statistical

.........................................................................

interaction between patient type, rate of death, and time period
was observed indicating that the association between rate of death
and being diagnosed with HF as an inpatient became less significant
over time (Figure 5).

Temporal trends in the risk of first HF
rehospitalization for inpatients and HF
hospitalization for outpatients
The absolute risk of the first rehospitalization for HF was higher
for inpatients than the absolute risk of first HF hospitalization for
outpatients (Figure 4A–F). During the first 30 days of follow-up,
the absolute risk of rehospitalization for inpatients increased from
7.2% to 13.5%, while the risk of HF hospitalization for outpatients
increased from 2.5% to 3.6% (Figure 4A, D). During 1997–2017,
among patients who survived the first 30 days of follow-up, the
1-year and 5-year absolute risk of rehospitalization for inpatients
decreased by 0.6% (from 13.4% to 12.8%) and 0.7% (from 25.4%
to 24.7%), respectively (Figure 4B, C). For outpatients, the absolute
risk of HF hospitalization within 1 year and 5 years of follow-up
increased by 1.3% (from 6.6% to 7.9%) and 3.0% (from 15.8% to
18.7%), respectively, during 1997–2017 (Figure 4E, F). No clinical
meaningful statistical interaction between patient type, rate of HF
hospitalizations, and time period was observed and during the
whole period, diagnosis of HF as an inpatient was associated with
an increased rate of HF hospitalization (Figure 5).
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Table 1 Baseline characteristics comparing out- and inpatients

Outpatients (n = 95098) Inpatients (n = 97483) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (median)a 72.2 [62.9,79.9] 77.9 [68.3, 85.0] <0.0001
Sex (females)a 58 215 (61.2) 52 336 (53.7) <0.0001
Age group <0.0001

<60 18 451 (19.4) 12 020 (12.3)
60–69 22 750 (23.9) 15 695 (16.1)
70–79 30 419 (32.0) 28 046 (28.8)
80–89 20 331 (21.4) 32 063 (32.9)
90–99a 3147 (3.3) 9659 (9.9)

In nursing homea 3557 (3.7) 7229 (7.4) < 0.0001
Comorbidity

IHDa 49 987 (52.6) 40 178 (41.2) < 0.0001
Previous MIa 26 942 (28.3) 18 338 (18.8) < 0.0001
Coronary interventiona 14 044 (14.8) 5124 (5.3) < 0.0001
Atrial fibrillationa 17 247 (18.1) 19 754 (20.2) < 0.0001
Essential hypertensiona 36 106 (38.0) 29 108 (29.9) < 0.0001
Strokea 10 936 (11.5) 13 325 (13.7) < 0.0001
Diabetesa 16 499 (17.3) 17 560 (18.0) 0.0001
COPDa 9025 (9.5) 10 413 (10.7) < 0.0001
Cancer 9731 (10.2) 10 526 (10.8) 0.7994

Baseline medicine
RASia 49 803 (52.4) 32 753 (33.6) <0.0001
Beta blockersa 42 607 (44.8) 26 720 (27.4) <0.0001
MRAsa 11 142 (11.7) 8796 (9.0) <0.0001
Loop diureticsa 42 651 (44.8) 44 947 (46.1) <0.0001
Diuretic combinationa 7006 (7.4) 4848 (5.0) <0.0001
Digoxina 14 485 (15.2) 16 302 (16.7) <0.0001
DM medication 14 054 (14.8) 14 716 (15.1) 0.0514
Anticoagulantsa 20 652 (21.7) 13 547 (13.9) <0.0001

a p-value < 1e-04.

Temporal trends in treatment
Figure 6 shows how the initiation of HF-relevant treatment increased
significantly between 1997 and 2017. The percentage of patients
receiving RASi (Figure 6A) and BBs (Figure 6B) within 90 days of first
HF diagnosis increased markedly over time for all patients (e.g. for
a RASi from 54% in 1997 to 77% in 2017 and a BB from 21% in
1997 to 75% in 2017). The initiation of MRAs (Figure 6C) peaked in
2001 without any major changes following (2001: 32%; 2017: 28%).
Despite increased initiation of RASi, BBs, and MRAs, the initiation of
loop diuretics (Figure 6D) following new-onset HF decreased during
1997–2017 (1997: 86%; 2017: 68%). In 2017, 85% of inpatients
redeemed a prescription of loop diuretics, whereas the number
was only 57% for outpatients. The overall percentage of patients
initiated on relevant HF medication within 90 days of HF diagnosis
followed the same pattern for in- and outpatients (Figure 6A–C).

Discussion
Main findings
In this study, we investigated the temporal trends in the first diagno-
sis of HF, according to the clinical setting, between 1997 and 2017
in Denmark. We also examined trends in subsequent mortality

.................................................................

and hospitalization rates, as well as trends in the pharmacological
management of HF. While the overall incidence of HF did not
change, the place of diagnosis changed, with more cases identified
in the outpatient setting and fewer patients diagnosed in a hospital.
During the period of study, there was also a significant decrease
in the mortality rate among patients newly diagnosed with HF.
Outpatients had lower event rates than inpatients throughout the
study period—regardless of age, sex, and comorbidity—although
mortality rates in the two groups become more alike over time.
Treatment with evidence-based therapy shown to improve survival
improved over the study period in both inpatients and outpatients.
However, a declining risk of hospitalization for HF was not observed
in either group.

Temporal trends in inpatient vs.
outpatient diagnosis
To our knowledge, this is the first study to evaluate the temporal pat-
terns of inpatient and outpatient diagnosis of new-onset HF and the
subsequent risk of death and hospitalization over a 20-year period
in a nationwide public healthcare system. The overall incidence of
HF in the Frammingham Heart Study and the Cardiovascular Health
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Importance of diagnostic setting in new-onset HF patient mortality 755

Figure 2 Temporal trend in the incidence of new-onset heart failure in Denmark during 1997–2017 for three patient types: inpatients, outpa-
tients, and all patients. The primary y-axis portrays the incidence of heart failure for the three patient types, depicted by three different graphs
(red = inpatients, green = outpatients, and blue = all patients). The secondary y-axis reflects the percentage of heart failure cases diagnosed as
inpatients (red shaded area) and outpatients (green shaded area).

Study has previously been studied and no significant changes were
reported during 1990–2009.13 Previous Danish studies have focused
on the incidence of new-onset HF over time and the impact of age
and comorbidities.14,15 These, along with other studies conducted
in the UK, point towards a decreasing incidence of new-onset HF,
and an increased burden of comorbidities among patients newly di-
agnosed with HF.16,17 Despite a fluctuating incidence of new-onset
HF, we did not find a decreasing incidence of HF between 1997 and
2017. However, several new developments have been introduced
over the last two decades, including earlier identification and better
management of left ventricular dysfunction and HF as a result of ed-
ucation and more widespread availability of echocardiography and
natriuretic peptide measurement,18,19 novel pharmacological thera-
pies for HF,1 and a focus on organized multidisciplinary, specialized
outpatient care.20 Interestingly, we found that rather than resulting in
a higher incidence of HF, these approaches led to a shift in where the
first diagnosis of HF took place, from the inpatient setting to the out-
patient setting, since 2005. We also observed that the initiation of
neurohormonal blockade drugs within 90 days of new-onset HF im-
proved remarkably over the whole study period, while the initiation
of MRAs mainly increased between 1997 and 2000. As reported in
other studies, mentioned earlier, we also found that patients newly
diagnosed with HF had an increasing prevalence of comorbidities,
although the median age of patients with new-onset HF decreased.
Thus, it seems that the increased focus on HF in the last two decades
has resulted in earlier detection of HF in outpatient clinics, increased

............................................................................

surveillance of cardiac and extracardiac chronic diseases, and im-
proved early initiation of therapy in patients with new-onset HF.

Temporal trends in mortality risk
Outpatients were 5 years younger than inpatients when presenting
with new-onset HF (Table 1), which could explain some of the
improvement in prognosis, although, following age standardization,
outpatients still fared much better than inpatients. Previous studies
comparing outpatients and inpatients also found that outpatients
had lower mortality rates.4,21 Looking at baseline characteristics, it
seems that inpatients are older, show an increasing prevalence of
comorbidity over time, and almost 1 out of 10 patients diagnosed as
inpatients between 2012 and 2017 were situated in nursing homes
(Supplementary material online, Table S1). However, the strati-
fied age-standardized mortality rates showed that even patients
with prior history of both cardiovascular and non-cardiovascular
comorbidities had much lower mortality rates in the outpatient
group compared with inpatients (Supplementary material online,
Figure S5). These findings suggest that as well as presenting with
acutely decompensated HF, it seems that hospitalized patients have
longer-standing and more advanced HF compared with outpatients,
even when newly diagnosed. Conversely, outpatients may present
at an earlier stage of disease progression. It is also possible that
some outpatients had left ventricular dysfunction without clinical
evidence of HF, e.g. patients after MI or patients with transient
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756 A. Arulmurugananthavadivel et al.

Figure 3 (A–F) Temporal trends in mortality after new-onset heart failure for inpatients and outpatients. (A) The temporal trend in the age-
standardized 1-year mortality rate of the previously described patient types. (B) The temporal trend in the age-standardized 5-year mortality rate.
Both were standardized to the population in Denmark in 2017. (C–F) The 1-year and 5-year absolute risk of death for inpatients and outpatients,
respectively, comparing the following time periods: 1997–2001, 2002–06, 2007–11, and 2012–17.

HF caused by AF with a rapid ventricular rate. This can to some
extent be supported by the decreasing percentages of patients
redeeming loop diuretics within 90 days of being diagnosed with
new-onset HF. HF patients with an outpatient diagnosis could,

...........

therefore, include both HF stage B and C according to American
terminology.22

The significant decrease in the mortality risk of HF patients is
presumably due to improvement in the level of care over time
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Figure 4 (A–F) Absolute risks of first heart failure rehospitalization for inpatients and first heart failure hospitalization for outpatients after
new-onset heart failure. The graphs portray the absolute risk of heart failure rehospitalization and the absolute risk of heart failure hospitalization
within 30 days (left) and 5 years (right) of follow-up. Note that 1-year and 5-year absolute risks were only estimated for patients who survived
31 days without HF hospitalization. (A–C) Absolute risk of HF rehospitalization for inpatients (red). (D–F) Absolute risk for HF hospitalization for
outpatients (green).

and enhanced initiation of HF treatment following new-onset HF.
Inpatients had a greater decrease in mortality risk compared with
outpatients. This can possibly be explained by a combination of in-
creased diagnosis of vulnerable HF patients as outpatients, increased
initiation of HF treatment within 90 days of new-onset HF, and
improvement in the level of care over time. Note also that the frac-
tion of HF patients with e.g. cancer and type 2 diabetes increased
over time (Supplementary material online, Table S1), and increased
surveillance of extracardiac chronic diseases and early detection of
HF in these high-risk subgroups may also explain our results.

Temporal trends in risk of HF
hospitalization
Despite earlier identification of HF and better treatment, HF
hospitalization rates after diagnosis did not decrease. Looking at
the temporal trends in the absolute risk of HF hospitalization, both
groups were increasingly hospitalized within 30 days, while the long-
term absolute risks of HF hospitalization show no clear trend over
time, although hospitalization risks in the later years were higher
than earlier years. The increasing risk of HF hospitalization could
be explained by a decreasing mortality rate that keeps vulnerable
patients alive and more hospitalizations therefore potentially occur
or it could be that an HF hospitalization reflects other than the

......................................................................

progression of HF, e.g. a strategy of care that has not changed over
time.23 Still, the risk of hospitalization for HF in Denmark was low
compared with the risk of HF hospitalization in the rest of Europe
and the USA.24,25 Nevertheless, inpatients had higher absolute risks
of HF rehospitalization compared with the risk of having a first HF
hospitalization as an outpatient during days 31–1826 (5 years) of
follow-up—supporting the concept that inpatients are sicker, frailer,
and potentially have more severe HF.
The absolute risk of death and hospitalization within 30 days of

new-onset HF was markedly lower in outpatients compared with
inpatients. This could be explained by the longer-standing HF for
inpatients and that patients presenting with end-stage HF are more
likely to manifest as inpatients. Yet, it is striking that the 30-day abso-
lute risk of rehospitalization for inpatients newly diagnosed with HF
was similar to the risk of rehospitalization during 31 days to 1 year.
Several studies have shown that HF hospitalizations are associated
with acceleration of the progression of HF and that patients hospi-
talized for HF are at high risk of death and readmission in the first
2–3 months post-discharge.25,26 Since outpatients are diagnosed in
outpatient clinics and initiated on HF treatment earlier in the course
of their disease, the progression of HF might be halted enough
to delay overnight hospitalizations and the trajectories associated
with HF hospitalizations.26 Therefore, our findings underscore that
inpatients are at higher risk of being rehospitalized after new-onset
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Figure 5 Adjusted hazard ratios of 1-year and 5-year mortality and heart failure hospitalization, respectively, for inpatients vs. outpatients
(reference). The forest plot shows the hazard ratios of 1-year and 5-year mortality (in red) and heart failure hospitalization (in blue), respectively,
for inpatients vs. outpatients—outpatients being the reference group. Note that hazard ratios for 1-year and 5-year heart failure hospitalization
were estimated for inpatients/outpatients who were rehospitalized/hospitalized after 30 days of follow-up. They should therefore be considered
hazard ratios for 31 days to 1 year and 31 days to 5 years of heart failure hospitalization. Moreover, the P-values for interaction show whether
there was an interaction between patient type and time period for 1- and 5-year mortality and heart failure hospitalization. The absolute risk
for inpatients and outpatients were estimated as crude risks (event/at risk). Hazard ratios were adjusted for age, sex, and history of comorbidity
(ischaemic heart disease, atrial fibrillation, stroke, and diabetes) at the time of new-onset heart failure. The time periods were defined as follows—
period 1: 1997–2001; period 2: 2002–06; period 3: 2007–11; and period 4: 2012–17. AR, absolute risk; CI, confidence interval; HF, heart failure;
HR, hazard ratio.

HF and that despite improvements in the management of HF, the
risk of HF hospitalization did not decrease over time.

Strengths and limitations
The risk of inclusion and selection bias was minimal due to the
nationwide study design. The main strength of this study is the
sample size and the data completeness of a nationwide cohort with
HF with at least 1 year of follow-up. The HF diagnosis has been
acknowledged as suitable to identify large groups of patients with
HF in the Danish registers.21 Patients could not be lost to follow-up
unless they emigrated (2.8%).
To assess the management of HF in terms of treatment, we

looked at redeemed prescriptions within the first 90 days following
HF diagnosis. However, it was only certain that patients redeemed
their prescription; thus, adherence bias might be present. Further, to
minimize the potential impact of lead-time bias,27 when comparing
outpatients with inpatients, we made age-standardized analyses.
Data on treatment with devices are not included in this study

since only a few patients were treated with those within 3 months
of onset of HF.28 Future studies should focus on the lack of

...........................................................

implementation of these, the impact of risk factors, and their
impact on prognosis to deepen the understanding of outpatients
and inpatients according to important subgroups. Also, the regis-
ters do not contain information on prognostic factors such as left
ventricular ejection fraction, functional class, renal function, blood
pressure, and biomarkers; hence, we are limited to only describ-
ing management and outcomes based on hospital administrative
codes.
Therefore, unmeasured and residual confounding cannot be

excluded, and the strength of the association between patient
type and rate of outcomes should be interpreted in that context.
However, knowledge of these important clinical variables would not
have changed the location of diagnosis of HF and the following 1-
and 5-year risks of outcomes. It has previously been shown that a
prior hospitalization—not necessarily an index event—is associated
with a poor outcome in a fully adjusted model.29 Still, we were
unable to differentiate between HF with preserved and reduced left
ventricular ejection fraction and how the incidence and location of
diagnosis of these HF phenotypes have changed over time. Older
age and female sex are frequent in patients with HF with preserved
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Figure 6 (A–D) Temporal trends in the percentage of heart failure patients started on renin–angiotensin-system inhibitors, beta blockers,
mineralocorticoid receptor antagonists, and loop diuretics 90 days after new-onset heart failure. HF, heart failure; RASi, renin–angiotensin-system
inhibitors; MRAs, mineralocorticoid receptor antagonists.

ejection fraction, and these important subgroups showed the same
pattern as the main result (Supplementary material online, Table
S3). Finally, how and whether outpatient management of worsening
HF has changed over time—and whether this has influenced
hospitalization for HF—cannot be deduced from our results.28,30

Clinical perspectives
This study suggests that patients presenting with new-onset HF as
inpatients and outpatients are two different patient types. Our find-
ings show that HF patients diagnosed in an outpatient setting have a
much better prognosis than inpatients regardless of age, sex, and co-
morbidity, and are likely presenting with HF at an earlier stage of dis-
ease than inpatients. Consequently, inpatients need close follow-up

......................................

after HF hospitalization, due to the significant impact of the vulnera-
ble phase following hospitalization. The long-term prognostic impact
of the diagnosis setting needs to be studied further; however, this
study suggests that diagnosing an increasing number of HF patients
in the outpatient setting could improve management and prognosis.

Conclusions
The overall incidence of HF in Denmark from 1997 to 2017 was
unchanged. However, the location of diagnosis changed, with
more HF cases being identified in the outpatient setting and
fewer patients being diagnosed in the hospital. There was also a

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjqcco/article/8/7/750/6384827 by Aalborg U

niversity Library user on 04 N
ovem

ber 2022



760 A. Arulmurugananthavadivel et al.

significant decrease in the mortality rate among patients newly
diagnosed with HF—probably explained by the earlier diagnosis
as outpatients and increased initiation of evidence-based therapy.
However, a reduced risk of hospitalization for HF following initial
diagnosis was not observed. Outpatients had lower event rates
than inpatients throughout the study period—regardless of age,
sex, and comorbidity—although mortality rates become more alike
over time. These findings may have important implications for risk
stratification in trials and clinical practice.

Supplementary material
Supplementary material is available at European Heart Journal—
Quality of Care and Clinical Outcomes online.
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