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Abstract

Aims This study aimed to characterize a contemporary population with subtypes of incident or prevalent heart failure (HF)
based on reduced (HFrEF), mildly reduced, or preserved (HFpEF) left ventricular ejection fraction (LVEF) and to assess how out-
comes, healthcare, treatments, and healthcare costs vary between each subtype of incident HF.

Methods and results Using Swedish data from the CardioRenal and Metabolic disease Heart Failure (CaReMe HF) study, up-
dated to cover a more recent time period, this population-based study characterized patients from Stockholm County,
Sweden, with incident HF (patients with a first HF diagnosis between 1 January 2015 and 31 December 2019) or prevalent
HF (patients with a first HF diagnosis before 1 January 2020). Patients with incident HF had LVEF measured by echocardiog-
raphy within £90 days of their first HF diagnosis, and patients with prevalent HF within 5 years prior to the index date. The
13 375 patients with prevalent HF (39.2% women, mean age 73.9 years) had multiple comorbidities (cardiovascular diseases,
chronic kidney disease, diabetes, and cancer). These were already highly prevalent at the time of the first HF diagnosis in the
8042 patients with incident HF (40.5% women, mean age 72.3 years). Patients with incident HFpEF received less specialist HF
care at outpatient secondary care facilities following their first HF diagnosis than those with incident HFrEF. Patients with
HFrEF had higher risks of complications and exerted a higher burden, in terms of care for and costs of HF, on the healthcare
system.

Conclusions This study of contemporary patients with incident HF demonstrates that those with HFpEF and HFrEF differ con-
siderably in terms of clinical presentation, prognosis, and care, highlighting a potential to improve HF outcomes.
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Introduction

The global prevalence of heart failure is expected to increase
beyond the 64 million people that it currently affects.* Subse-
quently, its burden to healthcare systems is also expected to
increase, exceeding the proportion (1-2%) of the annual
healthcare budget that is currently allocated towards the
condition.??

The characteristics and prognosis of patients with heart
failure change over time with the development of new treat-

ments and updated guidelines.*™* Therefore, there is a
continuous need to characterize the population with heart
failure, to identify evolving risks and weaknesses in the man-
agement of the condition. However, such information is not
easily accessible, often lacking granularity, such as informa-
tion on left ventricular ejection fraction (LVEF), N-terminal
pro-brain natriuretic peptide (NT-proBNP), or blood pres-
sures, if based on administrative registries,*>** or lacking
external validity if based on highly selected cohorts.*>® We
recently made a contribution to addressing this need with
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the CardioRenal and Metabolic disease Heart Failure
(CaReMe HF) study, which characterized a contemporary,
multinational population with prevalent heart failure.

Using Swedish data from the CaReMe HF study, composed
of medical records from routine practice across all levels of
healthcare (primary, secondary, and tertiary care) and up-
dated to cover a more recent time period, we now aimed
to compile a uniquely comprehensive set of information
characterizing a contemporary population with subtypes of
incident or prevalent heart failure based on reduced (HFrEF),
mildly reduced (HFmrEF), or preserved (HFpEF) LVEF.
Additionally, we aimed to describe how adverse outcomes,
patterns of healthcare utilization, pharmacological heart
failure treatments, and healthcare costs vary between each
subtype of incident heart failure, to explore if there are groups
of patients with heart failure that are disproportionally af-
fected by the condition or underserved in current healthcare
settings.

Methods
Data sources

The study was set in Stockholm County, Sweden. Sweden
has a comprehensive, nationwide public healthcare system
that each resident can access with a minor co-payment
for healthcare visits, hospitalizations, and medications.’’
Residents have a unique personal identification number
(person-ID),*® which is mandatory for all administrative pur-
poses, including any contact with the healthcare system and
filling of drug prescriptions, thus providing a basis for com-
plete population-wide medical history.

Data were extracted from the CELOSIA database,” the de-
tails of which can be viewed in Supporting Information,
Methods S1. Briefly, it includes data from the Swedish Pre-
scribed Drug Register, the Cause of Death Register, and the
National Patient Register and from several data sources with
extensive regional coverage, including the electronic health
records of Stockholm County. A complete list of the Anatom-
ical Therapeutic Chemical (ATC) codes,*® International Classi-
fication of Diseases (ICD)-10 codes,?° procedure codes,?* and
laboratory values used in the CELOSIA database is available in
Supporting Information, Table S1.

Individual patient-level data from the national registers
and regional data sources were linked using the person-ID.
The linked pseudonymized database was managed sepa-
rately by Sence Research AB, Uppsala, Sweden. This study
conforms with the principles outlined in the Declaration of
Helsinki and was approved by the Swedish Ethical Review
Authority (Approval Numbers 2020-03850 and 2020-06716).
Given the nature of the study, informed consent was not
required.

Study sample

This population-based study assessed two cohorts aged
>18 years from Stockholm County, Sweden: one cohort with
incident heart failure and one with prevalent heart failure.
Patients could be included in both cohorts.

Incident cohort

The cohort with incident heart failure included all patients
who had their first diagnosis of heart failure between 1 Janu-
ary 2015 and 31 December 2019 and who could be followed
for at least 1 day. The date of discharge for the first diagnosed
heart failure event was considered the date of the first heart
failure diagnosis. Patients needed to have had their LVEF
measured at least once by echocardiography within 90 days
of their first heart failure diagnosis and had to be residing in
Stockholm County uninterrupted for the 5 years prior to and
at the time of their diagnosis.

Prevalent cohort

The cohort with prevalent heart failure included all
patients who had their first diagnosis of heart failure before
1 January 2020 and who were still alive on that index date.
Patients needed to have had their LVEF measured at least
once by echocardiography within the 5 years prior to the
index date. However, that measurement had to have been
performed after their first diagnosis of heart failure. Patients
also needed to have been residing in Stockholm County un-
interrupted during that same 5 year period and on the index
date.

Patients with incident or prevalent heart failure were
identified using ICD-10 codes (150, 111.0, 113.0, and 113.2)
recorded in any position in primary care, outpatient second-
ary care, and/or inpatient care. The LVEF value closest to
the first diagnosis of heart failure was used to define sub-
types of incident heart failure. The most recent LVEF value
within the 5 years prior to 1 January 2020 was used to de-
fine subtypes of prevalent heart failure. Values of <40%,
41-49%, and >50% represented HFrEF, HFmrEF, and HFpEF,
respectively.

Characterization of patients with incident or
prevalent heart failure

The LVEF values used to define subtypes of heart failure
were searched for in electronic health records using differ-
ent keywords. Values were extracted in both structured
numerical format and unstructured free-text format. Mea-
surements in unstructured format were manually curated.
Numerical measurements were favoured over categorical
definitions, and calculated measurements over eyeballing.
Exact numeric or semi-quantitative LVEF values were ex-
tracted where available.
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Socio-economic status was based on the most recent data
available in the Mosaic system (a geodemographic classifica-
tion of households) within the 10 years prior to or on the
day of the first diagnosis of heart failure or the index date
in patients with incident heart failure or prevalent heart fail-
ure, respectively. Diagnoses in any position in primary care,
outpatient secondary care, and/or inpatient care prior to
and on the day of the first diagnosis of heart failure or the in-
dex date were used to identify prevalent comorbidities in the
respective cohorts. Diagnoses of cancer were only searched
for in the 10 years up until or on the day of the first diagnosis
of heart failure or the index date. A complete list of the co-
morbidities of interest and the ICD-10 codes used to identify
them is available in Supporting Information, Table S2.

In addition to using ICD-10 codes, laboratory measure-
ments available in electronic health records were used to
identify the prevalence of chronic kidney disease in each co-
hort (detailed in Supporting Information, Methods S2).*8
Similarly, additional methods were used to define the type
of diabetes (1 or 2) in patients with the condition (detailed
in Supporting Information, Methods S3). Laboratory mea-
surements were also used to establish clinical profiles of
each cohort. The most recent, single measurement within
the year prior to or on the day of the first heart failure
diagnosis or the index date was used, with exception for po-
tassium values, where the maximum value within the 5 years
prior to or on the day of the first heart failure diagnosis or
the index date was used. Medication use in patients with in-
cident heart failure was based on data available 1 year prior
to and on the day of their first heart failure diagnosis. Med-
ication use in patients with prevalent heart failure was
based on data available in the year prior to the index date.
Medications of interest and the ATC codes used to identify
them are listed in Supporting Information, Table S3.

Adverse outcomes during 1 year follow-up in
patients with incident heart failure

Follow-up could be performed up until the end of December
2020. Adverse outcomes (all-cause, cardiovascular, and renal
mortality; and hospitalizations with a primary diagnosis of
heart failure, chronic kidney disease, myocardial infarction,
stroke, or peripheral artery disease) were monitored for the
year following discharge from the first diagnosis of heart fail-
ure in patients with incident heart failure. Only primary diag-
noses in inpatient care or the primary cause of death were
used. The ICD-10 codes used to identify cause of death are

listed in Supporting Information, Table S4. The ICD-10 codes
used to identify non-fatal adverse outcomes of interest
during follow-up were the same as those used to identify
prevalent comorbidities. However, ICD-10 codes for myocar-
dial infarction and stroke were limited to 121-122 and 160—
163, respectively.

Adverse outcomes were presented as the 1 year event rate
per 100 person-years. The Poison regression model fit was
used to estimate the average 1 year event rate adjusted for
age, sex, and LVEF. The model was fitted with a spline with
three knots, one for age and two for interactions (age, sex,
and LVEF; and sex and LVEF). All analyses were performed
using R (Version 3.6.0).

Patterns of healthcare in patients with incident
heart failure

Outpatient secondary care was defined as any recorded visit
at a hospital or other secondary care facility. Primary care
was defined as all other outpatient care. Frequencies of visits
to outpatient secondary care facilities and primary care facil-
ities for treatment of heart failure (indicated by visits with an
ICD-10 code, 150, diagnosed in any position) were tallied for
patients with incident heart failure during each year with
complete follow-up after the first diagnosis of heart failure.
Each patient’s healthcare utilization was followed for a max-
imum period of 5 years.

Healthcare costs for patients with incident heart
failure

The average yearly costs of primary care, outpatient second-
ary care, and inpatient care visits by patients with subtypes of
incident heart failure over the 2 years immediately following,
and inclusive of, their first diagnosis of heart failure were cal-
culated separately for each non-mortality outcome of inter-
est and where outcomes could be combined [cardiovascular
and renal disease (any diagnosis of heart failure, chronic kid-
ney disease, myocardial infarction, stroke, and/or peripheral
artery disease), cardiorenal disease (heart failure and/or
chronic kidney disease), and atherosclerotic cardiovascular
disease (myocardial infarction, stroke, and/or peripheral ar-
tery disease)]. Diagnoses in any position were used. Costs
were expressed in US dollars (USD), using an exchange rate
of 1 SEK to 0.0968 USD. The average yearly costs were calcu-
lated using the following formula:

Averagecost =

(Costofvisit x Proportionofdaysoverlappingthetimeperiodofinterest)
Person-yearsofavailablefollow-up in a givenyear '
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Results

Of 29 938 patients with incident heart failure and 41 357 pa-
tients with prevalent heart failure, 8042 (27%) and 13 375
(32%), respectively, had available LVEF data and, thus, could
be included in the analyses. The patients with available LVEF
data were somewhat younger, mostly men, had higher
NT-proBNP levels, and more often had prevalent causes of
heart failure including ischaemic heart disease, myocardial
infarction, and valvular disease (Supporting Information,
Table S5). The characteristics of the contemporary cohort
with prevalent heart failure are presented in Supporting
Information, Table S6 and are described in Supporting
Information, Results S1. The results herein focus on the co-
hort with incident heart failure.

Characteristics of patients with incident heart
failure

Comorbidities

The average age of the 8042 patients with incident heart
failure was 72 years, and 41% were women (Table 1). Systolic
blood pressure was on average 138 mmHg, NT-proBNP was
5000 ng/L, and one-third of patients had laboratory-con-
firmed chronic kidney disease [estimated glomerular filtration
rate (eGFR) was on average 60 mL/min/1.73 m?, and urine al-
bumin—creatinine ratio 45 g/mol]. However, only one-sixth of
patients had a diagnosis of chronic kidney disease. Seventy
per cent of the cohort were diagnosed with hypertension,
two out of five patients had ischaemic heart disease, nearly
half had atrial fibrillation, and a quarter had diabetes. Sub-
stantial proportions of the cohort had records of filling pre-
scriptions for renin-angiotensin system inhibitors (RASis;
53%), beta-blockers (55%), statins (37%), and loop diuretics
(27%) within the year prior to their first diagnosis of heart
failure.

Type of heart failure

Of the 8042 patients with incident heart failure, 42.4% had
HFrEF, 21.6% had HFmrEF, and 36.0% had HFpEF. Patients
with HFpEF were 5 years older (75.2) than those with HFrEF
(70.2 years), and half of all patients with HFpEF were women,
as compared with 34% of those with HFrEF. Socio-economic
status was similar across the LVEF-based groups. A lower pro-
portion of patients with HFpEF had prevalent ischaemic heart
disease than those with HFrEF. Patients with HFpEF also had,
on average, lower NT-proBNP and slightly higher systolic
blood pressure. Diagnoses of hypertension, pulmonary hyper-
tension, and atrial fibrillation were more common in HFpEF
than in HFrEF. Valvular disease was twice as common in
HFpEF as in HFrEF. Myocarditis, chronic obstructive pulmo-
nary disease, and cancer were all more common in HFpEF
than in HFrEF. Treatment with RASis, beta-blockers, statins,

and loop diuretics was more common in patients with HFpEF
than in those with HFrEF.

Healthcare level at first diagnosis of heart failure

More patients with incident heart failure received their first
diagnosis of heart failure in inpatient care (66%) than in out-
patient secondary care (26%) or primary care (8%). Of
patients who received their first diagnosis of heart failure in
inpatient care, most had HFrEF (47%), while the majority of
those diagnosed in primary care had HFpEF (57%). Most
patients diagnosed in outpatient secondary care had either
HFpPEF (37%) or HFrEF (36%).

Healthcare and treatment during follow-up in
patients with incident heart failure

In patients with HFrEF, HFmrEF, or HFpEF, the proportion
who received specialist care for heart failure at outpatient
secondary care facilities was highest in the year immediately
following the first heart failure diagnosis (Figure 1). During
that first year, a smaller proportion of patients with HFpEF
received outpatient secondary care than those with HFmrEF
or HFrEF. While utilization of outpatient secondary care de-
creased thereafter for all LVEF-based groups, the reduction
was far more pronounced in patients with HFpEF. Indeed,
only 26% of patients with HFpEF still received outpatient
secondary care in the second year, compared with 34%
and 56% of patients with HFmrEF and HFrEF, respectively.
The proportion of patients who received primary care was
also highest in the year immediately following the first heart
failure diagnosis. However, the decrease in primary care
during the years following was far less substantial than that
in outpatient secondary care. Additionally, the primary care
visits followed a relatively similar pattern between the
LVEF-based groups.

High proportions of patients with HFrEF received specialist
care for heart failure at outpatient secondary care facilities
during the 2 years following their first diagnosis, regardless
of the level of care in which that first diagnosis was made
(Supporting Information, Figure SI). The proportions of
patients who received outpatient secondary care over the
same 2 year period were lower in those with HFmrEF or
HFpEF, especially in those who received their first heart fail-
ure diagnosis in primary care. High proportions of those pa-
tients continued to receive heart failure treatment in primary
care settings. In that context, patients who received their first
diagnosis of heart failure in outpatient secondary care more
often received subsequent, outpatient secondary care. How-
ever, high proportions of patients with HFpEF still received
treatment in primary care even if their first diagnosis of heart
failure was made in outpatient secondary care.
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Table 1 Characteristics of patients with incident heart failure at time of first diagnosis of heart failure

All patients HFrEF HFmrEF HFpEF
N (%) 8042 3407 (42.4%) 1737 (21.6%) 2898 (36.0%)
Age, years, mean (SD) 72.3(13.3) 70.2 (13.7) 71.4 (13.3) 75.2 (12.3)

Female, n (%)

3261 (40.5%)

1162 (34.1%)

Level of healthcare for first heart failure diagnosis and diagnosis position, N (%)

Primary care
Outpatient care, 1st position
Outpatient care, not 1st
Inpatient care, 1st position
Inpatient care, not 1st
Socio-economic status, N (%)
High
Middle
Low
Missing
Comorbidities, N (%)
Ischaemic heart disease
ASCVD
Myocardial infarction
Stroke
Peripheral artery disease
Atrial fibrillation
Hypertension
Valvular disease
COPD
Pulmonary hypertension
Myocarditis
Congenital heart disease
Sarcoidosis
Amyloidosis
Type 1 diabetes
Type 2 diabetes
Any cancer
CKD diagnosis or laboratory, N (%)
Diagnosis
KDIGO-confirmed CKD by eGFR
CKD diagnosis or KDIGO-CKD
Laboratory measurements, mean (SD)
NT-proBNP, ng/L
SBP, mmHg
Body mass index, kg/m?
HbA1c, mmol/mol
eGFR, mL/min/1.73 m’
UACR, g/mol
C-reactive protein, mg/L
Haemoglobin, g/L
LDL cholesterol, mmol/L
Total cholesterol, mmol/L
Potassium, mmol/L
Maximum potassium, mmol/L
Medication use, N (%)

617 (7.7%)
1281 (15.9%)

827 (10.3%)
2370 (29.5%)
2947 (36.6%)

1620 (20.2%)

3320 (41.3%)

3093 (38.5%)
9 (0.1%)

3167 (39.4%)
4247 (52.8%)
2407 (29.9%)
1305 (16.2%)
1003 (12.5%)
3715 (46.2%)
5695 (70.8%)
1466 (18.2%)
1088 (13.5%)
139 (1.7%)
497 (6.2%)
107 (1.3%)
40 (0.5%)
30 (0.4%)
126 (1.6%)
1947 (24.2%)
2049 (25.5%)

1352 (16.8%)
2683 (33.4%)
3035 (37.7%)

4996.2 (6966.8)
138.3 (25.1)
27.2 (5.7)
46.3 (14.5)
59.9 (20.6)
45.4 (110.1)
25.6 (49.3)
130.8 (20.4)
2.5(1.1)
45(1.2)
4.1 (0.5)
4.6 (0.7)

147 (4.3%)

459 (13.5%)

304 (8.9%)
1136 (33.3%)
1361 (39.9%)

675 (19.8%)
1396 (41.0%)
1330 (39.1%)

6 (0.2%)

1346 (39.5%)
1753 (51.5%)
1119 (32.8%)
499 (14.6%)
389 (11.4%)
1468 (43.1%)
2128 (62.5%)
446 (13.1%)
374 (11.0%)

17 (0.5%)

171 (5.0%)

41 (1.2%)

17 (0.5%)

7 (0.2%)

48 (1.4%)
792 (23.2%)
776 (22.8%)

489 (14.4%)
918 (26.9%)
1067 (31.3%)

6639.9 (8072.0)
136.0 (24.6)
26.9 (5.6)
47.0 (15.7)
61.5 (20.4)
47.6 (106.6)
25.4 (47.8)
133.8 (20.1)
2.6 (1.0)
4.5(1.2)
4.2 (0.5)
4.6 (0.6)

651 (37.5%)
121 (7.0%)

292 (16.8%)
263 (15.1%)
388 (22.3%)
673 (38.7%)

361 (20.8%)

729 (42.0%)

646 (37.2%)
<5

812 (46.7%)
997 (57.4%)
662 (38.1%)
275 (15.8%)
179 (10.3%)
761 (43.8%)
1234 (71.0%)
266 (15.3%)
(13.3%)

5 (1.4%)

4 (4.3%)

7 (1.6%)

9 (0.5%)

<5

0 (1.7%)
389 (22.4%)
449 (25.8%)

231

259 (14.9%)
526 (30.3%)
590 (34.0%)

1388

1448 (50.0%)

349 (12.0%)
530 (
260 (9. 0%)
846 (29.2%)
913 (31.5%)

584 (20.2%)
1195 (41.3%)
1117 (38.6%)

<5

604 (20.8%)
1239 (42.8%)
1378 (47.6%)

3597.3 (5352.6)
140.8 (25.4)
27.6 (5.8)
46.3 (13.6)
56.9 (20.4)
47.7 (116.9)
26.6 (51.4)
126.6 (20.2)
2.5(1.1)
4.5(1.3)
4.1 (0.5)
4.7 (0.7)

RASis 4293 (53.4%) 1556 (45.7%) 962 (55.4%) 1775 (61.2%)
Beta-blockers 4421 (55.0%) 1503 (44.1%) 1006 (57.9%) 1912 (66.0%)
MRAs 445 (5.5%) 178 (5.2%) 6 (3.8%) 201 (6.9%)
Statins 2990 (37.2%) 1069 (31.4%) 668 (38.5%) 1253 (43.2%)
SGLT2is 51 (0.6%) 23 (0.7%) 9 (0.5%) 9 (0.7%)
Loop diuretics 2151 (26.7%) 685 (20.1%) 418 (24.1%) 1048 (36.2%)
Digitalis 298 (3.7%) 102 (3.0%) 1(2.9%) 145 (5.0%)

ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; eGFR, esti-
mated glomerular filtration rate; HbA1c, haemoglobin A1c; KDIGO, Kidney Disease: Improving Global Outcomes; LDL, low-density lipo-
protein; MRAs, mineralocorticoid receptor antagonists; NT-proBNP, N-terminal pro-brain natriuretic peptide; RASis, renin-angiotensin
system inhibitors; SBP, systolic blood pressure; SD, standard deviation; SGLT2is, sodium-glucose cotransporter-2 inhibitors; UACR, urinary
albumin—creatinine ratio.

Characteristics at the time of the first heart failure diagnosis in all patients with incident heart failure and available left ventricular ejection
fraction data, and that cohort stratified by subtypes of heart failure based on reduced (HFrEF), mildly reduced (HFmrEF), or preserved
(HFpEF) left ventricular ejection fraction.
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Figure 1 The frequency of visits to (A) outpatient secondary care facilities for specialist heart failure (HF) treatment or (B) primary care facilities, each
year during the first 5 years following the first diagnosis of HF in patients with incident HF. Patients with incident HF are stratified by subtypes of HF
based on reduced (HFrEF), mildly reduced (HFmrEF), or preserved (HFpEF) left ventricular ejection fraction. [Correction added on 10 May 2024, after

first online publication: Figure 1 image has been corrected in this version.]
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In an analysis of patients who had not filled a prescription
for a pharmacological heart failure treatment [RASis (includ-
ing angiotensin-converting enzyme inhibitors, angiotensin re-
ceptor blockers, and angiotensin receptor/neprilysin inhibi-
tors), beta-blockers, mineralocorticoid receptor antagonists
(MRAs), sodium-glucose cotransporter-2 inhibitors (SGLT2is),
and/or loop diuretics] prior to their first heart failure diagno-
sis, prescriptions for RASis and beta-blockers were filled
more often than any other drug classes of interest in the
2 years thereafter (Supporting Information, Figure S2). Larger
proportions of the patients who received their first diagnosis
of heart failure in inpatient care received drug treatment
during follow-up than those whose first diagnosis was in out-
patient secondary or primary care. A lesser proportion of the
patients with HFpEF began any of the drug treatments of
interest within the 2 years following their first diagnosis of
heart failure than those with HFrEF. Initiation of SGLT2i
treatment was low during follow-up compared with other
drug classes in all LVEF-based subtypes of incident heart
failure.

Adverse outcomes in patients with incident heart
failure

The rate of adverse outcomes increased with age (Figure 2).
When evaluating specific causes for adverse outcomes, a sub-
stantial proportion of adverse events throughout the year fol-
lowing the first diagnosis of heart failure was composed of
hospitalizations due to heart failure or atherosclerotic cardio-
vascular disease (Supporting Information, Table S7). Death
rates due to heart failure, chronic kidney disease, or athero-

sclerotic cardiovascular disease were low (Supporting
Information, Figure S3), and there were no notable differ-
ences in adverse outcomes between men and women
(Supporting Information, Figure S4). When only hospitaliza-
tions and deaths due to heart failure were considered, the
prognosis for patients with HFrEF was worse than those with
HFmrEF or HFpEF (Figure 3).

Healthcare costs in patients with incident heart
failure

The average cumulative cost of all healthcare during the year
following the first diagnosis of heart failure in patients with
incident heart failure exceeded 15 000 USD per patient
(Supporting Information, Figure S5). At least half of these
healthcare costs were due to care for heart failure. When
all healthcare costs were considered, there was not a clear
pattern, indicating that one LVEF-based group was more
costly than any other groups (Supporting Information, Figure
S6). However, when only costs due to healthcare for heart
failure were considered, the proportion of costs that could
be attributed to care for patients with HFrEF was higher than
that attributable to those with HFmrEF or HFpEF, across all
age groups (Supporting Information, Figure S7). Further, the
proportion of costs stemming from care for heart failure that
could be attributed to patients (of any LVEF-based group)
who had their first diagnosis of heart failure in inpatient care
was higher than that attributable to those whose first diagno-
sis was in outpatient secondary or primary care (Supporting
Information, Figure S8).

ESC Heart Failure 2024; 11: 1377-1388
DOI: 10.1002/ehf2.14685

85U8017 SUOWILIOD BAIIER.D 8|qedl|dde auy Aq peusenob aJe sepie YO ‘88N JO Sa|nJ 1oy Ariq1]8UIIUO 43I UO (SUORIPUOD-PUR-SWIBI WD A8 |IM A eIq U1 UO//SANY) SUORIPUOD PuUe SWIe | 38U 88S " [,202/TT/90] o AriqiTauliuo A ‘Areiqi Aisealun eesddn Aq S89tT Zue/z00T 0T/I0p/Woo" A3 1M AReid 1 |puluo//:Sdiy Wwoly pepeojumod ‘€ ‘%202 ‘22855502



Heart failure outcomes by left ventricular ejection fraction in a contemporary region-wide patient cohort 1383

Figure 2 Adverse outcomes throughout the year following the first diagnosis of heart failure (HF) in patients with incident HF. Patients with incident
HF are stratified by sex and subtypes of HF based on reduced (HFrEF), mildly reduced (HFmrEF), or preserved (HFpEF) left ventricular ejection fraction.
Adverse outcomes are presented as the 1 year event rate per 100 person-years and are adjusted for age.
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Using comprehensive data from routine clinical practice
across all levels of healthcare in Stockholm County, Sweden,
this study provides a unique description of the demographics,
prevalent comorbidities, clinical profiles, and treatments of
contemporary patients with subtypes of incident or prevalent
heart failure based on HFrEF, HFmrEF, and HFpEF. This study
also provides novel insights into the healthcare journey of pa-
tients with incident heart failure following their first diagnosis
of heart failure, demonstrating that patients with HFpEF re-
ceive less follow-up specialist care for heart failure in outpa-
tient secondary care settings than those with HFrEF and that
a large proportion of patients with HFpEF or HFmrEF, who
are first diagnosed with heart failure in primary care, will more
often continue to receive their subsequent healthcare in the

heart failure drug treatments following their first diagnosis of
heart failure than those with HFrEF. However, patients with
HFrEF are at a higher risk of complications following their first
diagnosis of heart failure than those with HFpEF, more often
requiring follow-up care for heart failure. Subsequently, more
money is being spent on patients with HFrEF for heart failure
healthcare than those with HFmrEF or HFpEF.

A large proportion of contemporary patients in the cohort
with prevalent heart failure has multiple comorbidities (hy-
pertension, atrial fibrillation, ischaemic heart disease, and
myocardial infarction, adding to the burden of other preva-
lent comorbidities including chronic kidney disease, type 2 di-
abetes, and cancer). Although these comorbidities affected a
slightly smaller proportion of the patients in the cohort with
incident heart failure, prevalence was already evident at the
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Figure 3 Kaplan—Meier curves presenting the proportion of patients with incident heart failure (HF) impacted by adverse outcomes throughout the
year following their first diagnosis of HF. Adverse outcomes included all-cause hospitalizations and deaths, and all hospitalizations and deaths due
to HF, chronic kidney disease (CKD), and atherosclerotic cardiovascular disease (ASCVD). Patients with incident HF are stratified by age groups and
subtypes of HF based on reduced (HFrEF), mildly reduced (HFmrEF), or preserved (HFpEF) left ventricular ejection fraction.
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time of the first heart failure diagnosis, when patients were
on average 72 years old. Consistent with the CaReMe HF
study,” this research indicates that 50% of the population
with incident heart failure might have stage IlI-V chronic kid-
ney disease. However, despite the availability of laboratory
measurements indicating that chronic kidney disease had de-
veloped, only half of that population with chronic kidney dis-
ease had an ICD-reported diagnosis for the condition.
Preserved and mildly reduced heart failure was more
common in both incident and prevalent heart failure. In-
deed, 58% of patients with incident heart failure had an
LVEF > 40% (HFpEF, 36%; and HFmrEF, 22%) at the time
of their first heart failure diagnosis. The proportion with an

LVEF > 40% was even higher in patients with prevalent
heart failure (71%; HFpEF, 49%; and HFmrEF, 22%) mainly
due to an increase in the proportion of patients with an
LVEF > 50% (36% in incident heart failure compared with
49% in prevalent heart failure). Given that patients with
HFrEF had a much worse prognosis following their first heart
failure diagnosis, part of this transition is likely due to high
mortality in patients with HFrEF. At the time of the first
heart failure diagnosis, atrial fibrillation was predictably
more common and ischaemic heart disease less common
in patients with HFpEF. The observation that myocarditis
was less common in patients with incident HFrEF is novel.
Other clinical characteristics were similar between the
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LVEF-based groups, except for differences in NT-proBNP, sys-
tolic blood pressure, and eGFR. Similarities between patients
with HFpEF and those with HFrEF may be explained by high
variability in those traits due to high underlying variance in
LVEF. Socio-economic status and other comorbidities were
surprisingly similar between the LVEF-based groups in both
the incident and prevalent cohorts.

Differences in follow-up and treatment after first
heart failure diagnosis

Evaluating patterns of healthcare utilization in patients with
incident heart failure, this study highlighted substantial differ-
ences in the frequency of care for patients following their
first diagnosis of heart failure, which might mirror national
and local treatment guidelines for heart failure. Patients with
HFpEF received less specialist care for heart failure at second-
ary outpatient care facilities than those with HFrEF through-
out the 5 years following their first heart failure diagnosis.
It appears that the level of healthcare at which the first diag-
nosis of heart failure is made carries significant importance
for patients with HFmrEF and that those diagnosed in outpa-
tient secondary care are more likely than those diagnosed in
primary care to receive outpatient secondary care for any
follow-up care. While a similar trend was observed in those
with HFpEF, it was less overt. Further, lesser proportions of
patients with HFpEF receive outpatient secondary care after
their first diagnosis, regardless of the level of healthcare at
which that first diagnosis was made, and they remain at
that care level until their LVEF deteriorates. The differences
in the level of follow-up care might reflect a lack of
disease-modifying treatment options for patients with
HFmrEF and HFpEF during the study period. As new treat-
ments and interventions for these LVEF-based subtypes of
heart failure become available, in particular for patients with
HFpEF, healthcare utilization patterns might change.

The differences in care between patients with HFpEF and
those with HFrEF extend to pharmacological treatments for
heart failure following the first diagnosis of heart failure. In-
deed, in line with contemporary guidelines for the pharmaco-
logical treatment of heart failure of this cohort with incident
heart failure, patients with HFpEF received less pharmacolog-
ical heart failure treatment.?? Higher proportions of the pa-
tients with HFrEF were treated with RASis, MRAs, and/or loop
diuretics than those with HFpEF, and only a very low propor-
tion was treated with SGLT2is. Given that SGLT2is are a very
recent addition to guidelines for the pharmacological
treatment of heart failure,®” this was to be expected in this
cohort. Collectively, these findings highlight a potential to
improve outcomes, addressing the condition before it deteri-
orates and, subsequently, easing the burden that heart failure
places on healthcare systems.

Prognosis and healthcare utilization by left
ventricular ejection fraction

Patients with incident heart failure and HFpEF or HFmrEF
were generally less at risk of severe complications than those
with HFrEF. Indeed, patients with HFrEF had higher rates of
hospitalization for heart failure following their first heart
failure diagnosis, the most common adverse outcome during
follow-up. This burden of care for patients with HFrEF trans-
lated to a financial burden, where a large proportion of costs
for heart failure healthcare following the first diagnosis of
heart failure could be attributed to subsequent hospitaliza-
tions for heart failure in patients with HFrEF.

Consistent with previous research involving patients with
prevalent heart failure and HFrEF, HFmrEF, or HFpEF,?® this
study further demonstrated that patients with prevalent
heart failure and HFmrEF have characteristics that are similar
to those with HFpEF or HFrEF. Similar to that study’s cohort
with prevalent heart failure, this present study indicates that
the prognosis of patients with incident heart failure and
HFmrEF is more like that of patients with HFpEF than those
with HFrEF. Additionally, patterns of healthcare utilization in
patients with HFmrEF more resembled that in patients with
HFpEF than those with HFrEF, possibly reflecting a similar his-
torical limitation in the availability of pharmacological heart
failure treatments for patients with HFmrEF and those with
HFpEF. The similarities in characteristics, healthcare journey,
and prognosis between patients with HFmrEF and those with
HFrEF or HFpEF only further emphasize the need to question
if the classification, HFmrEF, has any clinical value or if it is of
academic interest only.?*

Strengths and limitations

This study had access to health registries and electronic health
records detailing most incidences of healthcare and medica-
tion use by residents in one of Sweden’s largest regions, rep-
resenting ~23% of the national population. In Sweden, each
resident has a unique person-ID consistently that is used across
all levels of public and private healthcare. This identification
number makes it possible to extract complete data for all
healthcare use, dispensed drugs, and death from nationwide
registries with full coverage. Moreover, the Swedish Cause of
Death Register has complete coverage of all Swedish residents
and is based on mandatory death reporting without exceptions.
Despite its strength in its capacity to identify patients relevant
to the study aims, to characterize the subsequent study popula-
tion, and to document a patient’s journey through healthcare,
several limitations must be acknowledged.

Only 27% of the patients from the cohort with incident
heart failure and 32% of the patients from the cohort with
prevalent heart failure had available LVEF data, limiting the
identification of HFrEF, HFmrEF, and HFpEF across the study
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sample and the subsequent analyses of the LVEF-based
groups by potential introduction of selection bias. Low ex-
traction rates of LVEF data were mainly due to the methods
used in this study. While LVEF values can be detected in
different modules in the electronic health records based on
several keywords, a large proportion of LVEF values in
Stockholm County was recorded under a specific keyword
that was not included in the search protocol. Indeed, inclu-
sion of this keyword in future studies of Stockholm County’s
electronic health records would capture a larger proportion
of the available LVEF values.

While the methods used in this study limited its capacity to
extract available LVEF values, low availability of LVEF data is
also a possible reflection of low access to and a long waiting
list for LVEF evaluation by echocardiography in the Stockholm
area, where those with elevated NT-proBNP levels, hospital
admissions, and referrals by cardiologists are prioritized.
Although large samples could still be formed, it is unknown
if the characteristics of the LVEF-based groups would change
by the inclusion of the unanalysed patients. Further, heart
failure often goes undetected or undiagnosed for a period
of time. Therefore, the proportions of patients with incident
or prevalent heart failure who could not be included in the
analyses may be larger.

Given that LVEF measurements could have been per-
formed up to 5 years prior to the index date in patients with
prevalent heart failure, it must be acknowledged that each
LVEF-based group may include patients whose LVEF could
have improved or worsened beyond the thresholds defining
their heart failure subtype between the time that the classify-
ing LVEF measurement was taken and other measurements
describing the cohort characteristics were performed.

This study did not assess if patients from a specific
socio-economic background or ethnicity were disproportionally
affected by heart failure or underserved in healthcare. Addi-
tionally, the study population was derived from a single county
in Sweden. While a large proportion of the Swedish population
resides within this county and, thus, the study’s findings may be
generalized to the wider Swedish population, it is unknown
whether the finding can be generalized to most other nations
where the healthcare systems can differ considerably.

Conclusions

In this study of contemporary patients in a real-world clinical
setting, the characteristics of patients with incident heart fail-
ure differed notably between those with HFpEF and those
with HFrEF. Patients with incident HFpEF received less heart
failure care in outpatient secondary care settings, and more
in primary care, than those with incident HFrEF. Patients with
HFrEF had higher risks of complications and exerted a higher
burden on the healthcare system, in terms of care for and

costs of heart failure, compared with the other phenotypes.
These findings demonstrate important differences in the clin-
ical presentation, prognosis, and care between subtypes of
heart failure based on LVEF and highlight a potential to im-
prove patient outcomes and ease the burden of heart failure.
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