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ABSTRACT
Objective Digital healthcare systems could provide 
insights into the global prevalence of heart failure (HF). 
We designed the CardioRenal and Metabolic disease 
(CaReMe) HF study to estimate the prevalence, key 
clinical adverse outcomes and costs of HF across 11 
countries.
Methods Individual level data from a contemporary 
cohort of 6 29 624 patients with diagnosed HF was 
obtained from digital healthcare systems in participating 
countries using a prespecified, common study plan, 
and summarised using a random effects meta- analysis. 
A broad definition of HF (any registered HF diagnosis) 
and a strict definition (history of hospitalisation for HF) 
were used. Event rates were reported per 100 patient 
years. Cumulative hospital care costs per patient were 
calculated for a period of up to 5 years.
Results The prevalence of HF was 2.01% (95% CI 1.65 
to 2.36) and 1.05% (0.85 to 1.25) according to the 
broad and strict definitions, respectively. In patients with 
HF (broad definition), mean age was 75.2 years (95% CI 
74.0 to 76.4), 48.8% (40.9–56.8%) had ischaemic 
heart disease and 34.5% (29.4–39.6%) had diabetes. 
In 51 442 patients with a recorded ejection fraction (EF), 
39.1% (30.3–47.8%) had a reduced, 18.8% (13.5–
24.0%) had a mildly reduced and 42.1% (31.5–52.8%) 
had a preserved left ventricular EF. In 1 69 518 patients 
with recorded estimated glomerular filtration rate, 
49% had chronic kidney disease (CKD) stages III–V. 
Event rates were highest for cardiorenal disease (HF 
or CKD) and all cause mortality (19.3 (95% CI 11.3 to 
27.1) and 13.1 (11.1 to 15.1), respectively), and lower 
for myocardial infarction, stroke and peripheral artery 
disease. Hospital care costs were highest for cardiorenal 
diseases.
Conclusions We estimate that 1–2% of the 
contemporary adult population has HF. These 
individuals are at significant risk of adverse outcomes 
and associated costs, predominantly driven by 
hospitalisations for HF or CKD. There is considerable 
public health potential in understanding the 
contemporary burden of HF and the importance of 
optimising its management.

INTRODUCTION
Heart failure affects up to 64 million people world-
wide and its incidence is expected to rise with ageing 
populations and improved diagnostic methods.1 

Heart failure already places an enormous economic 
burden on healthcare systems, with Europe and the 
US each allocating 1–2% of their annual healthcare 
budgets towards it.2

Heart failure management is changing rapidly 
following pivotal clinical trials,3–8 which are shaping 
treatment guidelines.9–11 Consequently, the popu-
lation with heart failure is also evolving quickly. 
Multinational studies of the characteristics and 
outcomes in persons with heart failure are scarce, 
often describing highly selected patient groups 
and likely unrepresentative of today’s patient.12–14 
Hence there is a need for a comprehensive under-
standing of the contemporary patient with heart 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Few studies have assessed the burden of heart 
failure (HF) using both healthcare data from 
electronic healthcare records and national 
registries, and of those that have, highly 
selected patient populations that might not be 
representative of today’s problem have been 
described.

WHAT THIS STUDY ADDS
 ⇒ This study shows that the contemporary 
prevalence of heart failure is 2% when a broad 
definition of HF was used and 1% when a strict 
definition was applied, similar across several 
countries.

 ⇒ The most frequent comorbidities were 
ischaemic heart disease and chronic kidney 
disease (CKD) stages III– V. Patients with HF 
have high risks of cardiorenal complications (HF 
or CKD) and all cause mortality.

 ⇒ Furthermore, hospital care costs were highest 
for cardiorenal diseases, higher than those 
stemming from atherosclerotic cardiovascular 
diseases.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The cardiorenal burden, risks and costs in 
HF patients highlights an urgent need for 
improved risk management and an area that 
policy makers need to prioritise when planning 
healthcare for patients with HF.

 on F
ebruary 27, 2023 at U

C
L Library S

ervices. P
rotected by copyright.

http://heart.bm
j.com

/
H

eart: first published as 10.1136/heartjnl-2022-321702 on 13 F
ebruary 2023. D

ow
nloaded from

 
 on F

ebruary 27, 2023 at U
C

L Library S
ervices. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2022-321702 on 13 F

ebruary 2023. D
ow

nloaded from
 

 on F
ebruary 27, 2023 at U

C
L Library S

ervices. P
rotected by copyright.

http://heart.bm
j.com

/
H

eart: first published as 10.1136/heartjnl-2022-321702 on 13 F
ebruary 2023. D

ow
nloaded from

 
 on F

ebruary 27, 2023 at U
C

L Library S
ervices. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2022-321702 on 13 F

ebruary 2023. D
ow

nloaded from
 

 on F
ebruary 27, 2023 at U

C
L Library S

ervices. P
rotected by copyright.

http://heart.bm
j.com

/
H

eart: first published as 10.1136/heartjnl-2022-321702 on 13 F
ebruary 2023. D

ow
nloaded from

 
 on F

ebruary 27, 2023 at U
C

L Library S
ervices. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2022-321702 on 13 F

ebruary 2023. D
ow

nloaded from
 

 on F
ebruary 27, 2023 at U

C
L Library S

ervices. P
rotected by copyright.

http://heart.bm
j.com

/
H

eart: first published as 10.1136/heartjnl-2022-321702 on 13 F
ebruary 2023. D

ow
nloaded from

 
 on F

ebruary 27, 2023 at U
C

L Library S
ervices. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2022-321702 on 13 F

ebruary 2023. D
ow

nloaded from
 

 on F
ebruary 27, 2023 at U

C
L Library S

ervices. P
rotected by copyright.

http://heart.bm
j.com

/
H

eart: first published as 10.1136/heartjnl-2022-321702 on 13 F
ebruary 2023. D

ow
nloaded from

 
 on F

ebruary 27, 2023 at U
C

L Library S
ervices. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2022-321702 on 13 F

ebruary 2023. D
ow

nloaded from
 

 on F
ebruary 27, 2023 at U

C
L Library S

ervices. P
rotected by copyright.

http://heart.bm
j.com

/
H

eart: first published as 10.1136/heartjnl-2022-321702 on 13 F
ebruary 2023. D

ow
nloaded from

 
 on F

ebruary 27, 2023 at U
C

L Library S
ervices. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2022-321702 on 13 F

ebruary 2023. D
ow

nloaded from
 

 on F
ebruary 27, 2023 at U

C
L Library S

ervices. P
rotected by copyright.

http://heart.bm
j.com

/
H

eart: first published as 10.1136/heartjnl-2022-321702 on 13 F
ebruary 2023. D

ow
nloaded from

 
 on F

ebruary 27, 2023 at U
C

L Library S
ervices. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2022-321702 on 13 F

ebruary 2023. D
ow

nloaded from
 

 on F
ebruary 27, 2023 at U

C
L Library S

ervices. P
rotected by copyright.

http://heart.bm
j.com

/
H

eart: first published as 10.1136/heartjnl-2022-321702 on 13 F
ebruary 2023. D

ow
nloaded from

 
 on F

ebruary 27, 2023 at U
C

L Library S
ervices. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2022-321702 on 13 F

ebruary 2023. D
ow

nloaded from
 

http://www.bcs.com/pages/default.asp
http://heart.bmj.com/
http://orcid.org/0000-0002-4467-0132
http://orcid.org/0000-0001-5423-3967
http://orcid.org/0000-0001-8741-3411
http://orcid.org/0000-0003-2247-8454
http://dx.doi.org/10.1136/heartjnl-2022-321702
http://dx.doi.org/10.1136/heartjnl-2022-321702
http://dx.doi.org/10.1136/heartjnl-2022-321702
http://crossmark.crossref.org/dialog/?doi=10.1136/heartjnl-2022-321702&domain=pdf&date_stamp=2023-01-03
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/
http://heart.bmj.com/


2 Norhammar A, et al. Heart 2023;0:1–9. doi:10.1136/heartjnl-2022-321702

Heart failure and cardiomyopathies

failure. The CardioRenal and Metabolic disease (CaReMe) 
Heart Failure study collected detailed contemporaneous data 
from healthcare systems in 11 nations to determine the preva-
lence of heart failure and to detail patient characteristics, risks 
and costs associated with heart failure across the participating 
countries.

MATERIALS AND METHODS
Study setting and data sources
The multinational, observational CaReMe study used data from 
healthcare registries, including patient records from routine 
clinical practice across Belgium, Canada, Germany, Israel, 
Italy, Norway, Portugal, Spain, Sweden, Switzerland, and the 
UK (figure 1).14 A description of the data sources is provided 

in the online supplemental material (3–6) online supplemental 
material (pages 3–6). A heat map describing the coverage of the 
registries, data availability and healthcare level at which heart 
failure was identified is illustrated in figure 2. Permissions were 
obtained from ethics authorities before the start of the study in 
each participating country that required it. Approval numbers 
are available in the online supplemental materials (3- 6).

Study population
To define the patient population, diagnoses of heart failure were 
searched for in all data available prior to the index date (online 
supplemental table S1). Prevalence was determined using a broad 
and a strict definition of heart failure. The broad definition 
included patients with a diagnosis of heart failure in a primary care 

Canada

Germany

Italy

Spain

Sweden

Switzerland

Belgium

Israel

Norway

Portugal

United Kingdom

      0

 50,000

100,000

150,000

Number of HF patients

Figure 1 Number of included patients with heart failure (HF) in each of the 11 participating countries.

Figure 2 Description of data sources used across the participating countries. Data extractions are from the following levels of healthcare: (1) 
primary healthcare, (2) secondary healthcare (specialist or outpatient hospital care) and (3) tertiary healthcare (inhospital care). Green colour, Data 
available and utilized; Orange colour, Data not available.
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or hospital setting.15 The strict definition was restricted to patients 
with history of a hospital admission where heart failure was the 
main diagnosis, reflecting the prevalence of validated heart failure 
diagnoses.15

Index years and follow-up time
Three cohorts were formed in each country to describe: cohort 
1 (cross sectional), the most contemporary patient characteris-
tics; cohort 2 (longitudinal risks), 1 year event rates; and cohort 3 
(longitudinal costs), hospital healthcare costs over a period of up 
to 5 years. All patients were indexed on 1 January in the year that 
their country of residence entered the study (online supplemental 
table S2). The index year varied between nations to ensure that 
the most recent data available in each participating country were 
used, and thus that the most contemporary patient populations 
were formed. For cohorts 2 and 3, indexing was adjusted to allow 
sufficient follow- up.

Baseline characteristics
In cohort 1, comorbidities and laboratory variables were searched 
for in all available data prior to the index, except for cancer, where 
diagnoses were identified in the 5 year period prior to the index. 
Medication use (renin–angiotensin–aldosterone system inhibitors, 
beta blockers, mineralocorticoid receptor antagonists, angiotensin 
receptor–neprilysin inhibitors and sodium–glucose cotransporter 
2 (SGLT- 2) inhibitors) indicated by a filled drug prescription was 
searched for in the year prior to the index.

Outcomes
Clinical outcomes
In cohort 2, 1 year hospital event rates per 100 patient years from 
index year were calculated for hospitalisations with a main diag-
nosis of heart failure, chronic kidney disease (including diagnoses 
of chronic, acute, unspecified, diabetic, hypertensive, glomerular, 
tubulo- intestinal or dialysis), myocardial infarction, stroke, periph-
eral artery disease and all cause death (online supplemental table 
S3).

Hospital healthcare costs
In cohort 3, the cumulative costs were calculated for each patient 
for a period of up to 5 years, including costs for all first and 
repeated hospitalisations. Costs were extracted from registered 
diagnose related groups that were weighted and calculated within 
each country (eg, the actual reimbursement claims to the local 
payer).

Statistical analysis
Analyses were performed separately in each country according 
to a prespecified common statistical analysis plan. Baseline 

characteristics were described using mean and SD for numerical 
variables, and frequencies and percentages for categorical vari-
ables. Random effect estimates were used when pooling data, 
assuming some heterogeneity between countries. The pooled 
estimates from the random effects models are presented with 
95% CIs. Tau was used to describe this heterogeneity, which 
corresponds to the estimated SD in the underlying distribution 
of true results across participating countries. All analyses were 
conducted using R statistical software (R V.3.5.0). The meta- 
analyses of means and proportions were performed using meta-
mean and metaprop functions, respectively, in the meta package, 
and tau was estimated using a restricted maximum- likelihood 
estimator.

Event rates
Event rates were calculated as events per 100 patient years based 
on time to first event, and patients were censored at death or 
1 year after the index. Patients without an event were censored at 
the end of follow- up or when leaving the database. All analyses 
of the cumulative incidence are descriptive and formal compari-
sons between countries were not performed.

Hospital healthcare costs
Costs were summarised annually within each patient as the 
total cost per year per diagnosis, and then summarised further 
within country as the mean cost per patient per year. Costs were 
censored from death onwards, whereas patients leaving the data-
base were not included in the denominator from the year after 
leaving the database. Results are presented separately for each 
country and there was no standardisation or formal comparisons 
between countries. All diagnoses were analysed independently 
from other diagnoses and hospitalisations, given that more than 
one of the targeted diagnoses contributes costs to each of the 
included diagnoses. Therefore, one cannot add the hospital 
healthcare costs of two diagnoses to form a combined cost.

Patient and public involvement
Patients and the public were not involved in the design, conduct, 
reporting or dissemination plans of this study.

RESULTS
Prevalence of heart failure
In a background population of >32 million adults, the pooled 
prevalence of heart failure was 2.01% (95% CI 1.65 to 2.36) 
and 1.05% (95% CI 0.85 to 1.25) according to the broad and 
strict heart failure definitions, respectively (table 1). The highest 
prevalence (broad definition) was in Portugal (2.9%) and the 
lowest in the UK (1.4%). In countries with nationwide coverage 

Table 1 Prevalence of heart failure in 32 million patients across multiple countries in Asia, Europe and North America, 2018–20

Canada Israel Italy Norway* Portugal Spain Sweden* UK Total
Pooled prevalence
(95% CI) Tau

Prevalence of heart failure

  Broad definition (%) 2.26 n/a 1.54 1.84 2.86 1.88 2.22 1.44 1.77 2.01 (1.65 to 2.36) 0.48

  Strict definition (%) 1.06 0.60 0.82 1.13 1.43 n/a 1.27 1.05 1.07 1.05 (0.85 to 1.25) 0.27

No of patients with heart failure

  Strict definition (n) 11 243 9759 35 660 46 840 1840 n/a 103 182 74 055 282 579

  Broad definition (n) 23 953 n/a 67 369 76 561 3681 21 851 180 727 165 244 539 386

  Background population >18 years (n) 1 060 153 1 622 570 4 363 833 4 153 579 128 605 1 189 003 8 147 081 11 496 448 32 161 272

Broad definition of heart failure=numbers of patients with a registered heart failure diagnosis in any available healthcare records. Strict definition of heart failure=only patients hospitalised with heart failure as the main diagnosis.
*Countries with nationwide coverage of patients with heart failure and background populations. Background populations were estimated based on the coverage of the healthcare registries for countries in which this information was available. 
Random effect estimates were used to calculate pooled values and tau describes the estimated SD of the underlying data across countries.
n/a, not available.
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(Norway and Sweden), the prevalence of heart failure (broad 
definition) was 1.8% and 2.2%, respectively.

Baseline characteristics
A total of 6 29 440 patients with prevalent heart failure (broad 
definition) were identified between 2018 and 2020 (mean 
age 75.2 years (95% CI 74.0 to 76.4); 44.8% (95% CI 41.1 
to 48.6) women; 48.8% (95% CI 40.9 to 56.8) had ischaemic 
heart disease; 44.1% (95% CI 39.1 to 49.0) had atrial fibrilla-
tion; and 34.5% (95% CI 29.4 to 39.6) had diabetes) (table 2). 
Most patients (74%) had a New York Heart Association (NYHA) 
class II or class III functional classification, whereas NYHA class 
I (13%) and class IV (13%) were less frequent. Regarding disease 
modifying medical treatment, 65.8% (95% CI 60.3 to 671.3) 
of patients were being treated with renin–angiotensin–aldoste-
rone system inhibitors, 69.3% (95% CI 62.5 to 76.1) with beta 
blockers and 30.2% (95% CI 16.8 to 43.6) with mineralocor-
ticoid receptor antagonists. Of the novel heart failure medica-
tions, 3.8% (95% CI 1.9 to 5.7) of patients were treated with 
angiotensin receptor–neprilysin inhibitors and 2.9% (95% CI 
1.6 to 4.2) with SGLT- 2 inhibitors. Device treatment was regis-
tered in 8.2% (95% CI 4.3–12.1) of patients.

Baseline left ventricular ejection fraction and estimated 
glomerular filtration rate
Measured left ventricular ejection fraction and estimated 
glomerular filtration rate (eGFR) were reported in 51 442 and 
1 69 518 patients, respectively, representing 20% and 62% of 
patients with available electronic health records (online supple-
mental table S4). Left ventricular ejection fraction was reduced 
in 39.1% (95% CI 30.3 to 47.8), mildly reduced in 18.8% 
(95% CI 13.5 to 24.0) and preserved in 42.1% (95% CI 31.5 
to 52.8) of those patients (figure 3A and online supplemental 
table S5). Of the 1 69 518 patients with a measured eGFR value, 
49% had chronic kidney disease, stages III–V (eGFR of <60 mL/
min/1.73 m2; figure 3B and online supplemental table S5).

Event rates and hospital healthcare costs
Patterns of events per 100 patient years in persons with preva-
lent heart failure were similar across countries, and highest for 
cardiorenal disease (19.3 events (95% CI 11.3 to 27.2)) and all 
cause mortality (13.10 events (95% CI 11.1 to 15.1)) (table 3). 

When the components of cardiorenal disease were assessed sepa-
rately, event rates for heart failure and chronic kidney disease 
were 15 and 6 events per 100 patients years, respectively. Events 
per 100 patient years for myocardial infarction (2.7 events 
(95% CI 1.3 to 3.9)), stroke (1.8 events (95% CI 1.2 to 2.5)) and 
peripheral artery disease (1.4 events (95% CI 0.8 to 2.0)) were 
lower, with similar incidence patterns between countries. During 
the first year, 13.1% died. Hospital healthcare costs were avail-
able from six countries covering 462 825 (74%) patients in the 
population. Baseline and cumulative costs were highest for heart 
failure, followed by chronic kidney disease. In comparison, costs 
for atherosclerotic cardiovascular diseases were lower (figure 4 
and online supplemental table S6).

DISCUSSION
From a contemporary routine clinical practice setting that 
included a background population of approximately 32 million 
people, this study characterised more than 600 000 patients 
with heart failure using digital healthcare registries in 11 coun-
tries, and estimated the total cost of heart failure in healthcare 
systems across Europe, Israel and North America. The preva-
lence of heart failure varied between 1% and 2%, dependent on 
whether a strict or broad definition of heart failure was applied. 
Those with heart failure had numerous comorbidities, with isch-
aemic heart disease and chronic kidney disease stages III–V being 
higher than previously reported. Despite large heterogeneity in 
phenotypes of heart failure between countries, mainly explained 
by variations in the data sources, similar event rates and cost 
patterns from heart failure were observed. Modern treatment 
with angiotensin receptor–neprilysin inhibitors, SGLT- 2 inhib-
itors and devices was generally still low. Most healthcare costs 
were attributable to cardiorenal events, higher than those 
stemming from atherosclerotic cardiovascular diseases, illus-
trating high rates of repeated heart failure events and mortality 
following heart failure. Patients with heart failure were also at 
high risk of death (13% died after 1 year).

Prevalence of heart failure
The prevalence of heart failure (1–2%) is consistent with several 
European focused cohort studies conducted over the past two 
decades.16 However, as recently highlighted, heart failure often 
goes undiagnosed, and thus its prevalence could be as high as 
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Figure 3 Baseline measurements of left ventricular ejection fraction (n=51 422) and estimated glomerular filtration rate (eGFR, n=1 69 518) across 
participating countries from data sources including these variables. (A) The proportion of 51 442 patients with heart failure and reduced (HFrEF), 
mildly reduced (HFmrEF) and preserved (HFpEF) left ventricular ejection fraction. Mean (SD) ejection fraction (EF%) is shown for each country on top 
of each bar. (B) The 1 69 518 patients with heart failure and a recorded eGFR value. Mean (SD) eGFR is shown for each country on top of each bar. 
Chronic kidney disease defined as eGFR <60 mL/min/1.73 m2.
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4%.16 By applying a broader definition of heart failure, it can be 
expected that not only a higher prevalence would be estimated 
than that using the strict definition, but also increased discrep-
ancy between countries. The recent European Heart Failure 
Atlas Survey also found variations in prevalence between coun-
tries (1.2–3.9%),16 potentially due to varying reporting practices 
and diagnostic tools, variation in the population’s average age 
and, perhaps more importantly, differences in the clusters of risk 
factors.

A population burdened by comorbidities
The average age (75 years) of the patients in this study was higher 
than that of the populations included in several randomised clin-
ical trials and cohort studies focused on heart failure.4–8 Although 
the burden of comorbidities differed between countries, this 
study demonstrated that overall, around 50% of patients had 
ischaemic heart disease, one third had diabetes and about 50% 
had eGFR verified stage III–V chronic kidney disease (eGFR 
<60 mL/min/1.73 m2), of which most (78%) were stage IIIa or 
stage IIIb. This indicates that contemporary patients with heart 
failure in clinical practice are generally older and burdened with 
more comorbidities than previously reported in single country 
studies (routine healthcare settings) that are now ageing.11 13 17 
This might partly be explained by a general trend of increasing 
survival, highlighting the importance of access to contemporary 
data to better understand the current population with heart 
failure.

Cardiorenal syndrome (heart failure and chronic kidney 
disease) has been associated with a substantially higher mortality 
risk than atherosclerotic cardiovascular diseases.18 19 This study 
reports a high prevalence of cardiorenal syndrome. The highest 
hospitalisation rates after the first year were related to cardio-
renal causes, further emphasising the deleterious interaction 
between heart failure and chronic kidney disease, and high-
lighting the importance of detecting chronic kidney disease in 
patients with heart failure.19

Heart failure phenotypes
The overall distribution of heart failure with reduced (39%), 
mildly reduced (19%) and preserved (42%) left ventricular 
ejection fraction (HFrEF, HFmrEF and HFpEF, respectively) in 
routine clinical practice differs from other studies with highly 
selected populations in terms of HFrEF (56–60%) and HFpEF 
(16–23%),20 21 but is consistent with reports of increasing 
proportions of HFpEF in ageing populations.1 16 For instance, 
HFrEF is often reported to be more common in populations 
with acute heart failure.22 However, HFpEF or HFmrEF were 
most common (61%) phenotypes in the present study where 
data were collected in a routine clinical setting (at any healthcare 
level, both primary and hospital care, and not following an acute 
hospitalisation for heart failure). Proportions varied between 
countries, with higher incidences of HFpEF in countries with 
older populations, variations that might also be explained by how 
patients were referred or diagnosed (eg, availability of cardiolo-
gist examinations, accuracy of echocardiography measurements 
etc).

Risks
Event rates for heart failure and mortality were higher in this 
study compared with those reported by recent clinical trials in 
heart failure with reduced and preserved heart failure.4–8 This 
might be explained by a population identified in clinical prac-
tice, which was older in age, versus those formed in randomised Ta
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clinical trials, indirectly highlighting the need for clinical trials in 
an older, more representative, patient population.4–8

Hospital healthcare costs in a population with heart failure
The cumulative costs analyses account for repeated events, 
rather than the time to first event. This provided the capacity 
to demonstrate that, over a 5 year period, hospital healthcare 
costs in patients with heart failure were mainly driven by cardio-
renal events, and to a lesser extent by atherosclerotic cardiovas-
cular disease events, further highlighting the need for improved 
cardiorenal prevention and management.

Observational data collected from contemporary, real world, 
routine, clinical practice settings at all healthcare levels are of 
increasing importance given that heart failure management is 
rapidly changing due to paradigm shifting trials3–8 and updated 
guidelines.9–11 Hence real time understanding of the charac-
teristics of patients with heart failure, as well as its burden and 
treatment, in routine real world clinical practice is warranted to 
understand unmet clinical needs and the current implementation 
of new guidelines.23 24 For instance, it displays a truer comor-
bidity pattern of patients in need of intensified prevention, and 
thus informs how healthcare resources could be optimised. 
Further, it illustrates more realistic patterns and event rates 
resulting from heart failure than does the clinical trial setting, 
including more per protocol follow- up or disease specific regis-
tries where patients are often selected based on hospitalisation 
for heart failure. Moreover, data from the present study have 
been collected by all types of healthcare professionals interacting 
with patients with heart failure, and not only in a cardiology 
setting. Indeed, event rates in the present study were also higher 

than those in the most recent HFrEF trials, as discussed above. 
Finally, for researchers planning and interpreting clinical trial 
findings, the understanding of differences in characteristics and 
event rates across countries might be important to acknowledge 
if unexpected heterogeneity is seen in relation to treatment 
effects.25

This study used digital healthcare data to characterise over 
600 000 patients with heart failure who were in routine clin-
ical care. The recorded diagnoses for heart failure and chronic 
kidney disease used in that protocol have been validated previ-
ously, demonstrating high sensitivity and specificity (online 
supplemental material (3–6)).

Despite the strengths of this study, the findings should be 
interpreted with caution. The generalisability of our results to 
populations with very different circumstances in terms of race, 
resources or care is unknown. The prevalence of heart failure 
was not obtained in three of the 11 participating countries 
since estimation of the background population was missing. 
However, the robustness of the findings were supported by their 
consistency across heterogenous data sources (figure 2), repre-
sentative population data (all countries) and different ethnici-
ties (American, Asian and European; figure 1). Undetected and 
unreported heart failure in patients was not possible to assess 
in this study and might therefore underestimate the true prev-
alence. This study only assessed outcomes requiring hospital 
care, which might have also underestimated event rates with less 
severe conditions (eg, those managed in primary care). Some 
variables were not available in the registries (eg, ejection frac-
tion (available in 20% of the population), eGFR (available in 
62%), hypertension history, diabetes duration, body mass index, 

Figure 4 Cumulative hospital healthcare costs per patient in 3 62 825 patients with heart failure (HF) from six countries. Hospital healthcare cost 
data were available from Canada, Italy, Portugal, Spain, Sweden and the UK. Costs are in US$ per patient at index and cumulatively over a period of 
up to 5 years (from 2014 in Sweden, the UK and Canada; from 2015 in Spain; from 2017 in Portugal; and from 2018 in Italy). The x axis is the number 
of years (year 0 to 1 almost not illustrated). *For the purpose of currency conversion to US Dollars, US$1=0.77 Canadian Dollars, 1.13 Euros and 
8.56 Swedish Krona. Fixed currency rates were used and variations over time were not accounted for. CKD, chronic kidney disease; MI, myocardial 
infarction; PAD, peripheral artery disease.
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smoking, alcohol consumption, diet, physical activity, stress, 
socioeconomic and environmental factors), limiting the descrip-
tive capacity of this study. Further, data sources were limited to 
high income countries.

Although hospital healthcare costs were obtained in six out of 
the 11 participating countries, the available data covers 74% of 
the total population with heart failure, providing an indication 
of what healthcare costs could amount to across all countries 
in the analysis. It was assumed that the national healthcare and 
reimbursement structure specifics would affect different diseases 
similarly, and that within country ranking of costs for different 
diseases would therefore be possible. Renal replacement therapy 
costs were handled differently in different countries and this is 
likely to affect some within country rankings; notably, rankings 
were nonetheless quite similar between countries. However, ulti-
mately, total healthcare costs are likely to be underestimated in 
this study as most costs are attributed to hospital care and do not 
account for non- hospital related costs (eg, primary care, drugs, 
indirect disease burden (eg, sick leave), etc).

CONCLUSION
In this contemporary population from a routine clinical prac-
tice setting, the prevalence of heart failure was 1–2% in Europe, 
Canada and Israel. Of these, more than half (>60%) had mildly 
reduced or preserved heart failure and almost half showed signs 
of kidney failure. These individuals are at significant risk of 
adverse outcomes and associated costs, predominantly driven by 
hospitalisations for heart failure or chronic kidney disease. With 
rapidly improving treatments for heart failure, there is consid-
erable public health potential in understanding the contempo-
rary burden of heart failure and the importance of optimising 
its management.
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Investigator and Study Group 
 

CaReMe HF Investigators (by country in alphabetical order)  
From Belgium, Marc Vanderheyden MD, Cardiovascular Centre, OLV Hospital Aalst, Aalst; Imke Masuy, 
LynxCare Clinical Research, Leuven; and Monika Beles, Cardiovascular Center, Onze-Lieve-Vrouw Ziekenhuis 
Aalst, Aalst.  
From Canada, Professor Navdeep Tangri MD PhD, Department of Medicine and Community Health Sciences, 
University of Manitoba, Winnipeg. 
From Germany, Professor Andreas Bollmann MD PhD, and Sebastian König PhD, Heart Center Leipzig at 
University of Leipzig and Leipzig Heart Institute, Leipzig; and Vincent Pellissier PhD, and Anne Nitsche, Leipzig 
Heart Institute, Leipzig. 
From Israel, Professor Avraham Karasik MD PhD, and Cheli Melzer Cohen MD PhD, Maccabi Institute for 
Research and Innovation, Maccabi Healthcare Services, Tel Aviv. 
From Italy, Professor Aldo P Maggioni MD PhD, and Letizia Dondi MSc, Fondazione ReS Ricerca e Salute, 
Casalecchio di Reno, Bologna. 
From Norway, Kari Anne Sveen MD PhD, and Professor K.I. Birkeland MD PhD, Oslo University Hospital and 
University of Oslo, Oslo; Johan Bodegård MD PhD, AstraZeneca Nordic, Oslo.  
From Portugal, Professor Tiago Taveira-Gomes MD PhD, Department of Community Medicine, Information and 
Decision in Health, Faculty of Medicine, University of Porto; Professor Cristina Gavina MD PhD, Department of 
Cardiology, Hospital Pedro Hispano USLM. 
From Spain, Dr Manuel Botana MD PhD, University Hospital Lucus Augusti, Lugo; Roberto Alcazar MD, 
University Hospital Infanta Leonor, Madrid; Antonio Hormigo MD, Primary Care Center Puerta Blanca, Malaga; 
and Nicolás Manito MD, University Hospital Bellvitge, Hospitalet de Llobregat, Barcelona. 
From Sweden, Professor Anna Norhammar MD PhD, Karolinska Institutet, and Capio S:t Göran hospital, 
Stockholm; Professor Johan Sundström MD PhD, Department of Medical Sciences, Uppsala University, Uppsala; 
Professor Jan W Eriksson MD PhD, Department of Medical Sciences, Clinical Diabetes and Metabolism, Uppsala 
University, Uppsala; Thomas Cars PhD, SENCE Research AB, Uppsala; and Marcus Thuresson PhD, Statisticon 
AB, Uppsala. 
From Switzerland, Professor Lukas Hunziker Munsch MD, Department of Cardiology, University Hospital of Bern, 
Inselspital, Switzerland; Valentina Gonzalez-Jaramillo MD MSc, and Professor Taulant Muka MD PhD, Institute of 
Social and Preventive Medicine (ISPM), University of Bern, Bern. 
From United Kingdom, Professor Amitava Banerjee MD PhD, Institute of Health Informatics, University College 
London, London, and Department of Cardiology, University College London Hospitals, London; Ruiqi Zhang PhD, 
and Jil Billy Mamza PhD, Medical and Scientific Affairs, BioPharmaceuticals Medical, AstraZeneca, Cambridge. 
 
Contributing non-authors 

From Belgium, Isabelle Fovel, Eef Vandendriessche, Zarha Vermeulen PhD, and 
Marieke De Boeck PhD, AstraZeneca, Brussels. 
From Canada, Navid Shobeiri PhD and Sheena Kayaniyil PhD, AstraZeneca, Ontario. 
From Germany, Carolin Schanner, Leipzig Heart Institute, Leipzig; and Antje Arnold and Marija Halbach, 
AstraZeneca, Hamburg. 
From Israel, Maya Greenbloom, AstraZeneca, Tel Aviv. 
From Italy, Marco Gnesi PhD, Francesca Pluchinotta MD, and Lavinia Narici, AstraZeneca, Milan. 
From Portugal, Mário Almeida, Hugo Martinho, and Filipa Bernardo, AstraZeneca, Lisbon. 
From Spain, Carlos Escobar Cervantes MD, University Hospital La Paz, Madrid; and Beatriz Palacios PhD and Luis 
Varela MD, AstraZeneca, Madrid 
From Sweden, Susanna Jerström and Helena Goike PhD, AstraZeneca Nordic, Södertälje. 
From Switzerland, Peter Langer, AstraZeneca, Bern. 
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Data Sources 
The study consists of data from nationwide cohort studies including patients with heart failure (HF) from Belgium, 
Canada, Germany, Israel, Italy, Norway, Portugal, Spain, Sweden, Switzerland and United Kingdom to obtain a 
study population of appropriate coverage. Countries within the Europe and Canada region and associated data 
sources were selected based on quality, representativeness, and availability. Hence, within each country, all 
available sources were scrutinized and interrogated for the research purpose. The properties of registries vary 
country to country (e.g., access to primary- and hospital care [Belgium, Canada, Israel, Italy, Portugal, Spain and 
United Kingdom] versus hospital care only [Germany, Norway and Switzerland], full population data (Norway and 
Sweden), representative population data [all countries]. Each country is represented by a national scientific 
committee. Additionally, a single, pre-specified protocol was implemented within each country, ensuring that data 
collection procedures were consistent between nations despite inherent differences between the various healthcare 
registries. The initiative is sponsored by AstraZeneca. A description of the respective databases is provided below. 
 
Belgium 
The Belgian retrospective data analysis study “CORDIS-HF” was set-up in order to collect baseline descriptive data 
(demographics, medication use, medical history, lab values) and cardiovascular /renal outcomes from Belgian HF 
patients. The study used the electronic medical records obtained from HF patients in a representative cardiology 
centre in Belgium (Cardiovascular Centre OLV Hospital Aalst, Dr.Marc Vanderheyden).  

LynxCare, a data processor according to the GDPR (acting solely on the instructions of the hospital), 
obtained the study data through their data mining and natural language processing solution „CareMonitor‟ whereby 
structured, semi-structured and unstructured reports (e.g., free text in clinical notes) are automatically processed and 
pre-defined datapoints are extracted and coded. These pre-defined datapoints are detected by using computational 
linguistic techniques and comprehensive clinical ontologies, scientifically validated (like SNOMED CT). LynxCare 
is an accredited data partner of the European Health Data Network and stores the data compliant to the OMOP 
Common Database Model, enabling the participation in other international research. This process has proven a 90% 
accuracy on a patient level for the datapoints defined, contingent on the inclusion of the datapoint in the clinical file. 
The result of this study is a pseudonymized research database compliant with the European Health Data Network 
requirements to be used by the hospital for the duration of the project for answering study questions, improving 
clinical insights and outcomes for the patients and can be a source for future research projects (conditionally to 
subsequent EC approvals). For the hospital, the source data is visualised in a comprehensive dashboard and can be 
consulted on the database level. All extracted concepts can be easily verified using the traceback functionality that 
shows the initial source were the data is extracted from LynxCare. 
 
Canada 
We conducted a retrospective cohort analysis using administrative health databases housed at the Repository at the 
Manitoba Centre for Health Policy (MCHP) at the University of Manitoba. The Repository holds population-wide 
de-identified health information for Manitoba residents. All databases are de-identified but contain a scrambled 
personal health identification number (PHIN) that allows linking unique individuals across databases. Demographics 
and vital status information were obtained from the Manitoba Health Insurance Registry. Medication information 
was obtained from the Drug Program Information Network (DPIN) database. Diagnostic and procedural information 
from all hospitalizations was determined using the Hospital Discharge Abstracts (CIHI-DAD). Laboratory data was 
obtained from the Diagnostic Services of Manitoba database which captures laboratory measures from hospital and 
community laboratories in Manitoba.  

This study was approved by the University of Manitoba Health Research Ethics Board (ethics file number 
HS223414 (H2019:454)). The results and conclusions are those of the authors and no official endorsement by 
Manitoba Health was intended or should be inferred. Data used in this study are from the Population Health 
Research Data Repository housed at the Manitoba Centre for Health Policy, University of Manitoba and were 
derived from data provided by Manitoba Health, Seniors, and Active Living, Vital Statistics, and Shared Health 
Diagnostic Services. 
 
Germany 
The “HELIOS-HF” study database includes HF patient information from administrative data covering 
approximately 86 Helios group hospitals. The Helios hospital group operates metropolitan and regional acute care 
hospitals ranging from basic to maximum care, outpatient clinics, and prevention centres across Germany 
(https://www.helios-gesundheit.de/). Patients have free choice of healthcare providers independent of insurance 
status. Helios hospitals provide inpatient care to about 1.2 million patients annually that corresponds to about 7% of 
all hospitalizations in Germany. The German Diagnosis Related Groups (G‐DRG) system is used for hospital 
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reimbursement in Germany since 2004 and is subject to encoded diagnoses (International Statistical Classification of 
Diseases, German Modification; ICD-10 GM) and procedures (German procedure classification; OPS). This 
obligatory documentation and accounting system is specified and regulated in detail by mandatory coding 
instructions and requires the coding of a main diagnosis for all in-hospital cases reflecting the underlying cause for 
hospital admission. Up to 15% of the codes are controlled – and corrected if required – by specialized physicians 
(“Medizinischer Dienst der Krankenversicherung”) independently from health insurances and hospitals. 
Administrative data provides information on basic characteristics (age, gender), the encoded main and secondary 
diagnoses at hospital discharge, type of hospital admission and type of hospital discharge. EMR data contains 
additional information (including used medication and laboratory results) for the sub-cohort of patients from the 
Heart Center Leipzig. The data are arranged on a case-by-case basis and can only be assigned to the specific patient 
within one unique hospital. There are no cross-links between hospitals regarding cases of individual patients. 
 
Israel 
Data from the Maccabi Healthcare Services (MHS) were used for this study. MHS is the second largest primary 
healthcare insurer and provider in Israel. This health maintenance organization (HMO) serves 25% of the total 
population in Israel, with approximately 2.2 million members. Since 1999, information on member–MHS 
interactions have been recorded in a large central computerized database. The database includes beyond 
demographic and administrative data, information on hospitalizations, emergency department, physician, outpatient 
specialist, and home healthcare visits. Additionally, purchases of medications and other aids, laboratory tests, 
imaging, and paramedical services such as nursing care, physiotherapy, social workers, and dietary consultations, 
patients‟ socioeconomic status and health care utilization are all captured.  Comorbidities are gathered in MHS 
chronic disease registries (diabetes mellitus, hypertension, chronic kidney disease, chronic obstructive pulmonary 
disease, and specific cardiovascular disease registry). Specific diagnoses including cerebrovascular accident, 
transient ischemic attack, myocardial infarction, peripheral vascular disease and atrial fibrillation were also 
available. Israel is well-represented by this database, though Maccabi patients are slightly younger, less 
heterogeneous, and have a slightly better higher income compared to the country as a whole.1  
 
Italy 
The database held by ReS Foundation (Fondazione ReS Ricerca e Salute) captures different administrative data 
sources, including Hospital Discharge Records (inpatient data, including causes of hospitalisation and associated 
costs), drug prescription, outpatient visits, and exemption codes for chronic diseases. Such data are reimbursement 
claims for the National Health System, which provides every resident in Italy with a public health insurance. 
The database is covering over 7 million patients aged 18 or older retrieved from several Regions across the whole 
Country, corresponding to more than 10% of the total Italian population. Subjects in the ReS database have been 
shown to have similar characteristics compared to demographics of the National Institute of Statistics (ISTAT) 
regarding the general census population.  
 
Norway 
The study database includes patient information from three linked national Norwegian registries with full coverage 
of the Norwegian population: the Norwegian Prescription Database (July 2004 to April 2020) covering all filled 
drug prescriptions using ATC codes; the Norwegian Cause of Death Registry (1958 to April 20202; and the 
Norwegian Patient Register covering all open patient clinic visit diagnoses and all hospital discharge diagnoses for 
the years 2008 to 2020. Diagnoses are recorded according to the ICD-system. Data linkage was performed by the 
Norwegian Institute of Public Health.  

The study was approved by the Regional Ethics Committee, Helse Sør-Øst (reference numbers 
2015/1337/REK sør-øst A and 11744) and was authorized by the Norwegian Data Inspectorate (Datatilsynet). The 
linked database was separately managed by Statisticon AB (Uppsala, Sweden). 
 
Portugal 
The Unidade de Saude Local de Matosinhos EPE (USLM-EPE) is an integrated public medical care centre 
comprising both primary, secondary and tertiary healthcare. It fully serves the population of Matosinhos region, a 
urban area, that amounts to approximately 175.000 patients. Data was collected and anonymised by the hospital IT 
department from multiple healthcare systems used to provide everyday care both in hospital and primary care.  
The study was approved by the Ethics Committee and the Data Protection Officer of USLM-EPE. This was a 
secondary data study and data were fully anonymized and dissociated from patients. Therefore, according to 
Portuguese regulation, there was no need for collecting informed consent from the patients.  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Heart

 doi: 10.1136/heartjnl-2022-321702–9.:10 2023;Heart, et al. Norhammar A



5 
 

 
Spain 
Observational cohort study, comprising cross-sectional and longitudinal retrospective analyses using secondary data 
captured in electronic health records from seven Spanish regions. Data sources were provided by BIG-PAC®. BIG-
PAC is an electronic database that integrates information from primary and specialist care medical records. This 
database has been validated as an information source for studies of epidemiology, therapeutic adaptation and 
health/non-healthcare resource use. It has been demonstrated its representativeness of the Spanish population.   
This study was approved by the Investigation Ethics Committee of Consorci Sanitari from Terrassa on 16th 
December 2019. This was a secondary data study and data were fully anonymized and dissociated from patients. 
Therefore, according to Spanish regulation, there was no need for providing informed consent. 
 
Sweden 
The study database includes patient information from three linked national Swedish registries with full coverage of 
the Swedish population: the Prescribed Drug Register (July 2005 to December 2018) covering all filled drug 
prescriptions using the Anatomical Therapeutic Chemical (ATC) codes; the Cause of Death Registry (1987 to 2018); 
and the National Patient Registry covering all open patient clinic visit diagnoses for 2001 to 2018 and all hospital 
discharge diagnoses for the years 1987–2018.3  Diagnoses are recorded according to the ICD-system and has been 
shown to be of high validity.4 All three registers are held by the Swedish National Board of Health and Welfare 
(NBHW), who also performed the data linkage by using unique personal identification numbers.5  
The study was approved by the Stockholm Regional Ethics Committee (reference numbers 2020-05714 and 
2013/2206-31), with data linkage performed by the Swedish National Board of Health and Welfare. The linked 
database was separately managed by Statisticon AB (Uppsala, Sweden). 
 
Clinical and Laboratory data Sweden (CELOSIA HF dataset) 

The study population in the CELOSIA HF dataset comprises all patients in Stockholm with a recorded diagnosis of 
heart failure in the Stockholm Regional Healthcare Data Warehouse (called VAL) between January 2013 to June 
2018 (Stockholm with its 2.4 million citizens accounts for 24% of the Swedish population). VAL includes 
information on all contacts with healthcare financed by Region Stockholm and data from primary care, secondary 
care and hospitalizations are included. Diagnoses are recorded according to the ICD system. Data on prescription 
drugs are coded according to the ATC system. VAL also contains demographic information on patient age, sex, 
migration status and death. For the study population, we included data on diagnoses, clinical procedures, 
demographics, and drug utilization for the period of January 2003 to June 2018. From Electronic Health Records, 
we included data on clinical measurements and results from laboratory tests for the period of January 2003 to June 
2018 (with limited data in the earlier years and increasing over time). 

The study was approved by the Ethical Review Authority (reference number 2020-03850). The CELOSIA 
HF dataset was separately managed by Sence Research AB (Uppsala, Sweden). 
 
Switzerland 
All patients with heart failure who were admitted at Bern University Hospital (Inselspital), Switzerland- a large 
tertiary cardiology center- between January 2015 and January 2020, were eligible for the present study. The clinical 
data warehouse at the Inselspital contains administrative and medical data of all patients from the department of 
cardiology and the heart failure division. Among other data, demographic and clinical characteristics, information on 
hospitalizations, comorbidities, implantable cardiac devices, heart failure and diabetes medication, laboratory data, 
and survival status is obtained. Demographic and clinical characteristics included age, sex, body mass index, NYHA 
functional class and left ventricular ejection fraction. Comorbidities included were chronic kidney disease, type 2 
diabetes mellitus; cardiac devices included implantable cardioverter defibrillator, pacemaker and cardiac 
resynchronization therapy. Laboratory data consisted of lipid profile, HbA1c, iron, estimated glomerular filtration, 
and N-terminal-pro hormone BNP. The presence of cardiac devices, mainly ICD and CRT, was extracted using 
Swiss surgical classification (CHOP) codes. Medication information was obtained using ATC codes. Survival status 
was assessed by linking with the national mortality record. Information about the diagnosis was obtained based on 
the International Statistical Classification of Diseases and Related Health Problems 10th version, ICD. Survival 
status was assessed by linking with the national mortality record. 

The study was approved for quality assurance by the Ethics Committee of the Canton Bern approved the 
study (KEK-Nr. Req-2020-00980). Data sharing is partly restricted as the original dataset contains de-identifying 
sets of coded diagnoses on patient level. Further data requests can be sent to Dr. Dominique Furrer 
(hc.lesni@rerruf.euqinimod), the director of the institutional data access at the Insel Data Science Center, University 
Hospital of Bern, Berne, Switzerland. 
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United Kingdom 
Data Source: The Clinical Practice Research Datalink (CPRD) is a real‐world research service supporting 
retrospective and prospective public health and clinical studies.6 CPRD database contains de-identified patient data 
sourced from a sample of general practitioner (GP) practices that use either the Vision or EMIS software systems 
contributing to the CPRD GOLD or CPRD Aurum primary care databases, respectively.7 These de‐identified 
databases containing primary care data have been individually linked to secondary care and other health‐ and area‐
based datasets. The April 2020 release of both CPRD GOLD and CPRD Aurum were analysed. To avoid duplicate 
patient records, the „Vison to EMIS Migrators‟ file was used to remove practices from CPRD GOLD where these 
overlap with the Aurum records. CPRD GOLD included 19 million individuals (with acceptable quality medical 
records) from 1987 onwards, from whom data were actively being collected for 3.1 million patients (4.7% of the 
population of UK). In addition, the CPRD GOLD database collects data from the four countries of the UK, with 
22% of contributing practices located in England at the time of this study, 8% in Northern Ireland, 45% in Scotland 
and 25% in Wales. CPRD Aurum included 32 million individuals with complete reliable data spanning from 1 
January 1995, from whom data were being actively collected for 11.1 million patients (17% of the population of 
UK). The CPRD Aurum database is more recently established, and at the time of this study (April 2020 release) 
drew on data collected from general practices in England mainly (99%), using the EMIS practice system. The 
databases include diagnoses, issued drug prescriptions, clinical measures taken within the general practice, lab tests 
and referrals to specialist care, and have been linked to national secondary care databases (e.g., Hospital Episode 
Statistics, HES with detailed hospitalisation information on hospital admissions episodes in UK) as well as 
deprivation and death registration (Office for National Statistics, ONS) data. The ONS mortality data was used to 
identify the specific cause of death outcomes. Hospitalisation information and specialist care notes are generally 
recorded by the general practitioner into the primary care patient records. Patients in CPRD are broadly 
representative of the UK general population.7,8    
 

Study population: The study population comprised patients with heart failure diagnosis registered in CPRD GOLD 
and CPRD Aurum practices in the UK, including patients in research active practices and in those eligible for 
linkage to HES data. HF patients aged 18 years or older who had contributed data between 1 Jan 2007 and 30 April 
2020 were included in this ecological study. Patients met the eligibility criteria for broad definition of prevalence 
estimates if they had a HF diagnosis (Read/SNOMED-CT) codes documented on or before the 1 January 2020 and 
were alive and registered in a CPRD practice on that date. Denominator data consisted of the count of all acceptable 
patients who were alive and registered at a CPRD contributing practice on 1 January 2020. Patients met the 
eligibility criteria for the strict definition of prevalence if they had an ICD-10 code for HF diagnosis documented on 
or before the 1 January 2019 and were alive and registered in a CPRD practice contributing linkage data to HES on 
that date. Denominator data consisted of the count of all acceptable patients who were alive and registered at a 
CPRD contributing practice with eligible linkage to HES on 1 January 2019. The latest available linked dataset for 
HES linkage at the time of this study (Set 18) was used for the analysis. A sub‐cohort of patients with ICD-10 code 
in primary position for HF diagnosis in the HES-linked dataset and actively registered in the practices on 1 January 
2018 was used to describe the 1-year year event rates. HES data were from practices in England only.  
Ethics: This overall study protocol was approved by the Independent Scientific Advisory Committee (ISAC) of 
CPRD; protocol reference number: 19_264AR3. This study is based in part on data from the Clinical Practice 
Research Datalink (CPRD) obtained under license from the UK Medicines and Healthcare Products Regulatory 
Agency. The data is provided by patients and collected by the National Health Service as part of patient care and 
support. This CPRD study also used data from the Office for National Statistics and Hospital Episode Statistics. 
Copyright © (2020), reused with the permission of The Health & Social Care Information Centre. All rights 
reserved. The interpretation and conclusions contained in this study are those of the authors alone.  
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Table S1: Comorbidity definitions 

Disease ICD-8 ICD-9 ICD 10 Surgical code/medication 

CVRD (includes all codes below)     

     Myocardial infarction 410.9, 410.99 410 I21-I22, I25.2, I25.6  

     CABG  414.02-07, V45.81-82  Surgical by-pass codes 

     PCI with stent    
Peripheral intervention 
codes 

      Unstable angina  411 I20.0  

     Angina pectoris 4193, 4139 413, 414.0 
I20.1, I20.8, I20.9, I25.1, 
I25.5 

Nitrates: C01DA 

     Heart failure (total) 
425.99, 427.09–
427.19, 427.99, 
428.99 

428 I50, I11.0, I13.0, I13.2  

          Heart failure   I50  

          Heart failure - hypertensive   I11.0, I13.0, I13.2  

     CKD (total) 
581.00–582.09, 
583 

585, 583.81, 250D 

N17-N19, I12.0-I12.9, 
I13.1, I13.2, N08.3, 
E10.2, E11.2, E12.2, 
E13.2, E14.2, Z49, Z99.2 

Dialysis and kidney 
transplantation codes 

          CKD - Acute   N17  

          CKD - Chronic   N18  

          CKD - Unspecified   N19  

          CKD - Diabetic   
E10.2, E11.2, E12.2, 
E13.2, E14.2, N08.3 

 

          CKD - Hypertensive   I12.0-I12.9, I13.1, I13.2  

          CKD - Dialysis   Z49, Z99.2 Daily codes 

     Atrial fibrillation 427.93, 427.94 427.3 I48  

     Stroke  430-438, V125 I60-I66, G45  

          Hemorrhagic 

43000-43099, 
43100, 43108–
43190, 43198-
43199 

430-432 I60-I62  

          Ischemic 
43200–43299, 
43309–43399, 
43409-43499 

433-434, 436 I63  

          Transitory ischemic attack 43509-43599 V12.5, 435 G45  

     Peripheral artery disease 440.20–440.30 440/441/444 I70.2, I73.9, I74.2-9 
Revascularization codes, 
upper/lower extremities 

Dialysis   Z49, Z99.2  

Cancer 140.0–204.4 140-239 C00-C99  

CVRD, cardiovascular renal disease. CABG, coronary artery bypass graft. PCI, percutaneous coronary intervention. 
CKD, chronic kidney disease.  
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Table S2: Index dates for the cohorts 

 
Cohort 1: 

Most contemporary baseline date 
Cohort 2: 

1-year event rate baseline date 
Cohort 3: 

5-year cost analysis baseline date 

Belgium 2018-01-01 2018-01-01 n/a 

Canada 2019-01-01 2018-01-01 2014-01-01 

Germany First HHF during 2019 n/a n/a 

Israel 2020-01-01 2019-01-01 n/a 

Italy 2018-01-01 2018-01-01 2018-01-01 

Norway 2020-01-01 2019-01-01 n/a 

Portugal 2019-01-01 2018-01-01 2017-01-01 

Spain 2019-01-01 2019-01-01 2015-01-01 

Sweden 2019-01-01 2018-01-01 2014-01-01 

Switzerland First HHF during 2015-2019 n/a n/a 

UK 2020-01-01 2018-01-01 2014-01-01 
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Table S3: Outcomes 

Variable Definition Comment 

All-cause death Death of any cause  

    Cardiovascular death Death with any “I” diagnosis as underlying cause of death 
Only in countries with cause of death 
registry  

Myocardial infarction I21, I22  

Stroke I60-I63  

Heart failure I50, I11.0, I13.0, I13.2  

CKD 
N17-N19, I12.0-I2.9, I13.1, I13.2, N08.3, E10.2, E11.2, E12.2, 
E13.2, E14.2, Z49, Z99.2 + procedure codes 

 

PAD I70.2, I73.9, I74.2-9  

CKD, chronic kidney disease. PAD, peripheral artery disease. 
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Table S4: Coverage of EF% and eGFR in data sources 

 

Proportion of patients with registered ejection fraction (EF) or estimated glomerular filtration rate (eGFR) with available electronic medical records (EMR) 
containing laboratory data 

 

Population with 
available EMR 

EF 
registration % 

  

Population with 
available EMR 

eGFR 
registration % 

Portugal 3681 2032 55 % 
 

Portugal 3681 2537 69 % 

Israel 9759 4980 51 % 
 

Canada 29953 2338 8 % 

Spain 21851 19708 90 % 
 

UK 165244 116841 71 % 

Sweden 28116 4294 15 % 
 

Israel 9759 9168 94 % 

Switzerland 14204 8374 59 % 
 

Belgium 2379 2222 93 % 

Belgium 2379 2379 100 % 
 

Sweden 28116 15369 55 % 

UK 165244 6073 4 % 
 

Total 239132 148475 62 % 

Total 245234 47840 20 % 
      

         

Proportion of patients with registered ejection fraction (EF) or estimated glomerular filtration rate (eGFR) with and without available electronic medical records 
(EMR) containing laboratory data 

 

Total HF 
population EF % 

  

Total HF 
population eGFR % 

Portugal 3681 2032 55 % 
 

Portugal 3681 2537 69 % 

Israel 9759 4980 51 % 
 

Canada 29953 2338 8 % 

Spain 21851 19708 90 % 
 

UK 165244 116841 71 % 

Sweden 180727 4294 2 % 
 

Israel 9759 9168 94 % 

Switzerland 14204 8374 59 % 
 

Belgium 2379 2222 93 % 

Belgium 2379 2379 100 % 
 

Sweden 180727 15369 9 % 

UK 165244 6073 4 % 
 

Norway 76561 0 0 % 

Norway 76561 0 0 % 
 

Italy 67396 0 0 % 

Italy 67396 0 0 % 
 

Total 535700 148475 28 % 

Total 541802 47840 9 % 
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Table S5: Baseline EF% and eGFR 

 
Belgium Canada Germany* Israel Portugal Spain Sweden Switzerland UK Total 

Random effects 
estimate 
(95%CI) 

Ʈ2 

Ejection fraction, mean (SD) 44 (14) n/a 43 (15) n/a 55 (12) 44 (11) 42 (12) 43 (16) 42 (14) 44 (13) 44.7 (41.3-48.1) 4.61 

      ≥50% 891 (37) n/a 1,041 (29) 2,536 (51) 1,516 (75) 8,123 (41) 1,704 (40) 3,322 (40) 1,498 (25) 20,631 (40) 42.1 (31.5-52.8) 15.31 

      >40 - <50% 445 (19) n/a 1,029 (29) 888 (18) 256 (13) 1,553 (8) 1,103 (26) 1,057 (13) 1,599 (26) 7,930 (15) 18.8 (13.5-24.0) 7.51 

      ≤40% 1,043 (44) n/a 1,532 (43) 1,553 (31) 260 (13) 10,032 (51) 1,487 (35) 3,995 (48) 2,976 (49) 22,878 (44) 39.1 (30.3-47.8) 12.63 

eGFR, mean (SD) 52 (23) 65 (25) 62 (24) 62 (25) 69 (24) n/a 52 (19) n/a 60 (19) 60 (21) 60.1 (54.5-65.7) 6.99 

     ≥60 811 (36) 13,615 (58) n/a 4,746 (52) 1,753 (69) n/a 5,421 (35) n/a 64,492 (55) 90,838 (54) 51.0 (40.6-61.5) 13.05 

     <60 1,411 (64) 9,766 (42) n/a 4,422 (48) 784 (31) n/a 9,948 (65) n/a 52,349 (45) 78,680 (46) 49.0 (38.5-59.4) 13.05 

     45-59 481 (22) 4,716 (20) n/a 1,882 (21) 377 (15) n/a 4,510 (29) n/a 27,905 (24) 39,871 (24) 21.8 (17.9-25.6) 4.74 

     30-44 470 (21) 3,205 (14) n/a 1,502 (16) 228 (9) n/a 3,311 (22) n/a 17,580 (15) 26,296 (16) 16.1 (12.3-19.9) 4.70 

     15-29 380 (17) 1,272 (5) n/a 710 (8) 122 (5) n/a 1,773 (12) n/a 5,665 (5) 9,922 (6) 8.5 (4.7-12.4) 4.83 

      <15 80 (4) 573 (2) n/a 328 (4) 57 (2) n/a 354 (2) n/a 1,199 (1) 2,591 (2) 2.5 (1.7-3.3) 0.94 

SD, Standard deviation. EF%, left ventricular ejection fraction. eGFR, estimated glomerular filtration rate, ml/min/1.73 m2. *eGFR <60 ml/min/1.73 m2. CKD, chronic kidney 
disease defined as eGFR <60 ml/min/1.73 m2.  
UK, United Kingdom. 
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Table S6: Detailed Hospital health care costs (US$) per patient.  

 
Year 1 Year 2 Year 3 Year 4 Year 5 

Canada      

  Cardiovascular and renal disease      

     Cardiorenal disease      

          Heart failure 3719 4563 5450 6464 7280 

          Chronic kidney disease 2104 3473 5299 7073 11023 

     Atherosclerotic cardiovascular disease      

          Myocardial infarction 3908 4962 6150 7172 7913 

          Stroke 261 349 468 557 650 

         Peripheral artery disease 602 724 940 1108 1229 

Italy      

  Cardiovascular and renal disease      

     Cardiorenal disease      

          Heart failure 700 1038 n/a n/a n/a 

          Chronic kidney disease 100 195 n/a n/a n/a 

     Atherosclerotic cardiovascular disease      

          Myocardial infarction 177 244 n/a n/a n/a 

          Stroke 128 226 n/a n/a n/a 

          Peripheral artery disease 101 193 n/a n/a n/a 

Portugal      

  Cardiovascular and renal disease      

     Cardiorenal disease      

          Heart failure 867 1597 2142 2626 3074 

          Chronic kidney disease 468 868 1196 1551 1914 

     Atherosclerotic cardiovascular disease      

          Myocardial infarction 43 101 146 191 217 

          Stroke 510 885 947 1015 1050 

          Peripheral artery disease 94 138 180 225 271 

Spain      

  Cardiovascular and renal disease      

     Cardiorenal disease      

          Heart failure 2161 3982 5603 7028 8618 

          Chronic kidney disease 625 1173 1750 2258 2752 

     Atherosclerotic cardiovascular disease      

          Myocardial infarction 107 203 289 366 457 

          Stroke 152 290 435 553 677 

          Peripheral artery disease 69 123 185 238 297 

Sweden      

  Cardiovascular and renal disease      

     Cardiorenal disease      

          Heart failure 2983 4933 6561 7954 9114 

          Chronic kidney disease 1250 2245 3119 3899 4586 

     Atherosclerotic cardiovascular disease      

          Myocardial infarction 209 360 482 576 654 

          Stroke 298 487 643 772 879 

          Peripheral artery disease 274 461 607 742 848 

United Kingdom      

  Cardiovascular and renal disease      

     Cardiorenal disease      

          Heart failure 3303 6297 9060 12454 15831 

          Chronic kidney disease 2505 4841 7074 9872 12721 

     Atherosclerotic cardiovascular disease      

          Myocardial infarction 1672 3184 4532 6144 7816 

          Stroke 245 440 633 899 1174 

                 Peripheral artery disease 359 688 979 1355 1807 

SD, Standard deviation. The holistic cardiorenal disease definition (heart failure or chronic kidney disease)9 is important to 

better understand the interchangeable relationship between these conditions, 10,11 improve treatment strategies,12 and reduce the 

burden on healthcare providers.13,14 
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