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Abstract

Aims Although heart failure (HF) with preserved ejection fraction (HFpEF) is a leading cause for hospitalization, its overall
costs remain unclear.

Therefore, we assessed the health care-related costs of ambulatory HFpEF patients and the effect of spironolactone.
Methods and results The aldosterone receptor blockade in diastolic HF trial is a multicentre, prospective, randomized,
double-blind, placebo-controlled trial conducted between March 2007 and April 2011 at 10 sites in Germany and Austria that
included 422 ambulatory patients [mean age: 67 years (standard deviation: 8); 52% women]. All subjects suffered from chronic
New York Heart Association (NYHA) class Il or Il HF and preserved left ventricular ejection fraction of 50% or greater. They also
showed evidence of diastolic dysfunction.

Patients were randomly assigned to receive 25 mg of spironolactone once daily (n = 213) or matching placebo (n = 209) with
12 months of follow-up. We used a single-patient approach to explore the resulting general cost structure and included med-
ication, number of general practitioner and cardiologist visits, and hospitalization in both acute and rehabilitative care facilities.
The average annual costs per patient in this cohort came up to €1, 118 (+2,475), and the median costs were €332. We con-
firmed that the main cost factor was hospitalization and spironolactone did not affect the overall costs. We identified higher
HF functional class (NYHA), male patients with low haemoglobin level, with high oxygen uptake (VO,max) and coronary artery
disease, hyperlipidaemia, and atrial fibrillation as independent predictors for higher costs.

Conclusions In this relatively young, oligosymptomatic, and with regard to the protocol without major comorbidities patient
cohort, the overall costs are lower than expected compared with the HFrEF population. Further investigation is needed to in-
vestigate the impact of, for example, comorbidities and their effect over a longer period of time. Simultaneously, this analysis
suggests that prevention of comorbidities are necessary to reduce costs in the health care system.
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Introduction

Patients suffering from heart failure (HF) account for nearly
1-2% of the adult population in developed countries, rising
up to >10% among people above 70 years of age with in-
creasing prevalence due to demographic changes.™ HF
patients are mainly categorized into HF with reduced

(HFrEF) and preserved ejection fraction (HFpEF) due to dif-
ferent underlying aetiologies, demographics, comorbidities,
and response to therapies.””® The prevalence of both enti-
ties and their prognoses is comparable.” Despite remark-
able progress in HF research, we still miss a specific
treatment for HFpEF, at the moment the guidelines focus
on optimizing the comorbidities.
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However, the economic burden of HF treatment increases
with its prevalence. Cardiovascular diseases are estimated to
cost about $130 billion in Europe annually with HF as a major
matter of expense.8 HF cost estimates in the USA amount to
$39.2 billion in direct costs,9 which do not include the impact
on the economic reduction in work force nor the informal
care these patients receive. A key portion of HF direct costs
is caused by hospitalization, while ~5% of all hospital admis-
sions in Western countries are due to HF.*>™*2 Projected total
medical costs in 2030 will rise up $53.1 billion, and nearly 80%
of these projected expenses are attributed to increased hos-
pitalizations.>>™** All these details are mainly based on data-
bases from national registries and insurance companies.*®
These databases underestimate the costs of HF patients sys-
tematically because of differently attributed diagnoses for
hospitalization due to common comorbidities of HF patients.
In particular, HFpEF patients are inadequately represented
because of various comorbidities and a systematic neglect
due to the absence of direct treatment options.'” Based on
the recommended guideline treatment for HFrEF patients,
monitoring HFrEF costs is easier on a non-individual-based
approach in registries.

The aldosterone receptor blockade in diastolic HF (aldo-
DHF) study was a randomized, controlled trial investigating
the effects of chronic aldosterone receptor blockade in 422
outpatient stable HFpEF patients during a 12-month follow-
up period.*® Its co-primary endpoints were E/e’ and
peakVO,.

Thus, in this analysis, we aim to (i) analyse the structure of
the costs and to (ii) assess the direct health costs for this sta-
ble outpatient HFpEF population. Ultimately, we aim to (iii)
evaluate the effect of spironolactone on the overall direct
costs and the cost distribution and to (iv) identify predictors
for higher costs in subjects based on these findings.

Methods
Study design and setting

The aldo-DHF trial was a multicentre, randomized, placebo-
controlled, double-blind study within the framework of the
German Competence Network Heart Failure (KNHI) be-
tween 2007 and 2012.*° The study design and the primary
results of the aldo-DHF trial have been previously pub-
lished.*®2° Briefly, eligible patients were enrolled and ran-
domized to spironolactone 25 mg once daily or matching
placebo. The diagnosis of HFpEF was based mainly on the
Paulus criteria [symptomatic HF, left ventricular ejection
fraction (LVEF) > 50% at rest and echocardiographic signs
of diastolic dysfunction (tissue doppler-derived E/e’ > 15
or E/e’ > 8 in combination with the presence of either el-
evated N terminal pro brain natriuretic peptide or brain

natriuretic peptide or atrial fibrillation)]** Ultimately, symp-
tomatic patients with New York Heart Association class Il or
Ill, LVEF > 50% at rest, echocardiographic evidence of
grade > | diastolic dysfunction or present atrial fibrillation,
and peak VO, < 25 mL/kg/min were eligible for participa-
tion.2® Major exclusion criteria included prior documented
LVEF < 40%, significant coronary artery disease, myocardial
infarction or coronary artery bypass graft surgery within
3 months, definite or probable pulmonary disease [vital ca-
pacity < 80% or forced expiratory volume in 1 s < 80% of
reference values on spirometry], body mass
index > 36 kg/m, or serum creatinine > 1.8 mg/dL. After
the baseline examination and the randomization, patients
were seen at visits after 1 week and 3, 6, 9, and 12 months.
Examination results, questionnaires, and changes of medi-
cation were recorded at each visit. The study protocol
was reviewed and approved by the institutional review
board of each participating centre, and all patients pro-
vided written informed consent prior to enrolment. Aldo-
DHF was conducted in accordance with national laws,
guidelines for good clinical practice, and the Declaration
of Helsinki.

Subject population

We analysed the data of 422 patients. The data collection
also consisted of details regarding physician visits, rehabilita-
tion, and hospital admissions as well as the concomitant med-
ication at the screening, the baseline, and the follow-up visits
every 3 months for a year.

Endpoint

The main endpoint in focus was defined as the overall direct
costs. These direct costs were based on (i) structural costs
assessed by the number of general practitioner (GP) and car-
diologist visits, number of HF hospitalizations, duration of car-
diac rehabilitation, and duration of required nursing care as
well as (ii) medication costs assessed by the number of days
the medication was taken and the individual composition of
medication per day.

Cost parameter assessment

We analysed the cost of illness with a bottom-up-
approach®??3 based on the details of every single patient.
We considered cardiovascular medication as relevant for
our analysis and therefore as distinguishable from other med-
ication. These considered medication included beta-blocker,
angiotensin-converting enzyme inhibitors, angiotensin Il re-
ceptor blockers, diuretics, cardiac glycosides, statines, other
lipid-lowering agents, antiarrhythmic agents, calcium channel
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blocker, anticoagulants, nitrates, oral antidiabetic medication,
and insulin and pulmonary medication. For the calculations of
the costs due to the concomitant medication, we used the
price for the cheapest generic in the largest available package
size on the German market in the year 2011 for our
calculations.

Regarding outpatient physician visits, we considered visits
to GPs, specialists in internal medicine, and cardiologists as
relevant for our analysis. Reliable data for costs per physician
visit were only available from the year 1999.%* Therefore, we
adjusted these for inflation and set the year 2011 as the ref-
erence point of time.

The direct costs of hospitalization were assessed when
the hospitalization reported at the baseline visit for the
previous 12 months or any other follow-up visit was due
to HF. The direct economic costs of a hospitalization
emerge from both the treatment costs and the infrastruc-
tural costs of the health care provider. We used an
established approach to assess these costs by including
the average HF costs based on diagnosis-related group sta-
tistics from the Federal Statistical Office of Germany and
added the infrastructural state funding per day multiplied
by the duration of the hospital stay to assess the hospital-
ization costs.?*

Statistical methods

Study cohort and subgroups are described by absolute and
relative frequencies for categorical data, by mean and stan-
dard deviation (SD) for symmetric continuous variables and
in addition, median and quartiles/interquartile range for
skewed continuous variables.

We compared frequencies by xz test and Fisher’s exact
test. Continuous variables were compared by t-tests for inde-
pendent samples with Satterthwaite approximation or by
Mann-Whitney U tests.

For the analysis of both the physician visits and the hos-
pitalizations, we summed up the details at each visit
per patient. Medication costs were calculated as a product
of daily dosage, price per dosage, and number of days
taken.

In searching baseline variables associated with the total
direct costs, we built various regression models. After sim-
ple linear regression models with variables from Table 1,
we built a multiple regression model and excluded irrele-
vant variables by backward selection with probabilities for
inclusion: p_in = 0.2 and exclusion p_out = 0.05. Final
models were built with the variables selected that way to
get correct estimates for incidence rate ratios, which
were calculated including two-sided 95% confidence
intervals.

Table 1 patient characteristics |

Spironolactone  Placebo
Variable n (%) n (%) P value
Female 111 (52) 110 (53) 0.9150
CAD 92 (43) 78 (37) 0.2188
Arterial hypertension 197 (92) 190 (91) 0.5565
CVvD 23 (11) 22 (11) 0.9279
PAD 7 (3) 10 (5) 0.4338
Atrial fibrillation 30(14) 36 (17) 0.3746
Chronotropic incompetence 9 (4) 16 (8) 0.1356
NYHA llI 33 (15) 26 (12) 0.3659
Hyperlipidemia 130 (61) 143 (68) 0.1123
Diabetes mellitus 36 (17) 34 (16) 0.8611
sleep apnoea 29 (14) 21 (10) 0.2569
COPD 11 (5) 3(1) 0.0535
Depression 22 (10) 25(12) 0.5939
Paulus criteria positive 111 (52) 109 (52) 0.9934

CAD, coronary artery disease; COPD, chronic obstructive pulmonary
disease; CVD, cerebrovascular disease; PAD, peripheral artery dis-
ease; Paulus criteria, HFpEF criteria mentioned above.?'

Results
Subject population

A total of 422 patients were randomly assigned to receive
spironolactone (n = 213) or matching placebo (n = 209) with
12 months of follow-up. Patients who dropped out were
analysed until their dropout. There was no relevant difference
in the number of dropouts (9 vs. 13, P =0.22) nor in the base-
line characteristics (Tables 7 and 2) between both groups.

Costs per item: physician visits and
hospitalizations

Because most data were collected in 2011, that year was also
set as the reference point of time for all calculations.

The latest costs per outpatient physician visit given by the
German physician’s association were from 1999. We adjusted
those values for inflation in 2011 and calculated 19.95 € per
visit to the general practitioner and 71.16€ per visit to the
cardiologist.

The average diagnosis-related group-based cost was
3168.03 € per hospitalization. We calculated additional
64.43 € per day in hospital for infrastructural costs. For reha-
bilitation, we calculated additional 121.12 € per day.

Overall direct cost

As shown in Figurel, the overall direct costs are the sum of
the costs for outpatient physician visits, hospitalization, reha-
bilitation, and medication. The mean overall cost per patient
was 1188€. The median cost was in contrast 332€ as a result
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Table 2 Patient characteristics Il
Spironolactone Placebo

Variable N Mean SD Median IQR N Mean SD Median IQR P value
Age [yearsl 213 66.9 7.7 67.0 12.0 209 66.7 7.5 68.0 11.0 0.8038
BMI [kg/m“] 213 28.9 3.6 29.0 5.0 209 289 3.6 28.8 5.1 0.9644
MAP [mmHg] 213 97.6 11.4 96.3 16.0 209 98.2 12.2 98.0 14.7 0.5435
Pulse pressure [mmHg] 213 55.8 14.8 54.0 19.0 209 55.8 15.8 55.0 20.0 0.9667
HR in ECG [min71] 213 66.5 13.8 65.0 15.0 208 64.3 11.8 63.0 11.5 0.0815
eGFR [ml/min/1.73 m?] 211 79.3 19.2 77.7 25.6 208 78.1 18.3 77.9 24.9 0.5095
VO,max [ml/min/kg] 213 16.4 3.6 16.1 4.4 209 16.4 3.5 16.3 4.6 0.8731
E/e’ (medial) 213 12.7 3.6 11.9 43 209 12.8 4.4 11.9 3.6 0.6252
log10NTproBNP 204 2.2 0.5 2.3 0.6 195 2.2 0.4 2.2 0.5 0.5052
LAVI [ml/ng 212 28.2 9.1 26.4 10.4 208 27.8 7.7 26.7 9.7 0.9586
LVMI [ml/m*] 212 107.9 29.2 106.8 29.8 209 109.3 26.8 107.4 35.8 0.5347
Hb [g/dl] 213 13.8 1.2 13.8 1.5 209 13.8 1.3 13.8 1.8 0.8135
VACI 206 0.5 0.7 0.5 0.3 202 0.5 0.3 0.5 0.2 0.0849

Values in italic are smaller than 0.2, selection criterion before multiple regression model

BMI: body mass index; ECG: electrocardiogram; eGFR: estimated glomerular filtration rate; HR: heart rate; IQR: interquartile range; LAVI:
left atrial volume indexed to body surface area; LVMI left ventricular mass indexed to body surface area; MAP :mean arterial pressure; SD:
standard deviation; VACI: Ventricular-atrial Coupling Index; VO,max: maximal oxygen uptake

of most patients contributing to less than 1000€ per patient
per year. The main component was hospitalization due to HF.

Hospitalization and rehabilitation

Because only 14.7% (62/422) of all subjects were hospital-
ized during the follow-up period, its contribution to the
overall costs of the investigated HFpEF cohort was very

Figure 1 Distribution of mean overall direct costs of the complete study
population. Con-medication: medication taken besides study drug
(spironolactone/placebo); cardiologist: outpatient visits to cardiologist;
GP: outpatient visits to general practitioner; hospitalization: hospitaliza-
tion due to heart failure (HF); rehabilitation: rehabilitation due to HF.
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limited. However, for patients who were hospitalized, hos-
pitalization was the most expensive item. This resulted in
640.7€ [SD: £1995.7€, median 0€ (Qq: 0€; Qs: 0€)] average
costs for hospitalization per study subject during the
12 months of follow-up.

The same applies to patients who were admitted to reha-
bilitation and their costs. 5.5% (23/422) of subjects had at
least one admission for rehabilitation care that generated
an average cost of 122.3€ [SD: 693.3€, median 0€ (Q;: O€;
Qs: 0€)] per rehabilitation treatment per patient annually.

Outpatient visits

Among patients who were not hospitalized, outpatient visits,
either to the cardiologist or the GP, were the most relevant
cost item besides the prescribed medication.

One-third of the study population had no visit to the GP
during the follow-up period. Seventy-five percent of patients
had up to two visits, and one patient was outlying with 48 GP
visits during the follow-up period. Thus, on average, 35.3€
[SD: £67.9, median 20€ (Q;: 0€; Qs: 40€)] was spent for GP
visits per patient during the follow-up period.

Visits to the cardiologist were noticeably fewer but with a
similar pattern. Seventy-five percent of the study population
had up to one visit to the cardiologist. The subject with the
most visits to the cardiologist during the follow-up had 10
visits. In total, visits to the cardiologist added up to an aver-
age cost of 31.2€ [SD: +68.5€, median 0€ (Q;: 0€; Qs: 71€)]
per patient during the follow-up period.

Medication

Considering the follow-up visits at 3, 6, 9, and 12 months,
about 29% of subjects on average reported altered
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medication and 66.1% (279/422) reported none or one
change in medication during the complete follow-up period.
The con-medication taken from all participants is shown in
Table 3.

Some of the frequently taken drugs created low median
costs, like beta-blockers (17€) and statins (23€). Some of
the less frequently taken drug groups generated higher me-
dian costs, like antiarrhythmic agents (1313.6 €) and antide-
pressants (1894.9€). Anticoagulation, which included
antiplatelet therapy in our analysis, was frequently taken
and contributed notably to the costs with a relatively high
median cost (1109.5€). These findings resulted in median
con-medication costs of 223€ per subject per year. The large
distribution lead to nearly 100 subjects (one quartile) with
costs less than 100 € and a quartile with costs more than
487€ per patient per year. These results are accompanied
by mean costs of 358.7€ (SD: +396.5) per patient per year.

Effect of spironolactone

The costs for outpatient visits to both the GP and the cardiol-
ogist, the hospitalizations, and rehabilitation care were not
different in the two study arms. Table 4 shows the distribu-
tion in the total patient cohort.

The medication costs between both treatment arms are
not relevantly different (P = 0.84). Certain medication groups
were different between these study arms but had no impact
on the overall costs [calcium channel blockers were taken

Table 3 Absolute and relative frequency of medication groups in
both treatment arms

Spironolactone Placebo

(n =213) (n = 209)
Medication group No. (n) Rel. (%) No. (n) Rel. (%)
Antiarrhythmic agents 12 6 21 10
Beta blockers 150 70 160 77
CCB 47 22 74 35
ACE inhibitors 103 48 92 44
ARBs 85 40 80 38
Loop diuretics 46 22 27 13
Other diuretics 97 46 99 a7
Nitrates 23 11 18 9
Cardiac glycosides 4 2 4 2
Statins 117 55 119 57
Other cholesterol- 19 9 15 7
lowering medication
Anticoagulants 132 62 119 57
Oral antidiabetic medication 30 14 20 10
Pulmonary medication 13 6 9 4
Insulins 4 2 11 5
Antidepressants 21 10 16 8

Mediation group was considered positive, when at least one drug
from a medication group was reported to be part of the taken by
patient at one of the study visits.

ACE: angiotensin-converting-enzyme inhibitor; anticoagulants:
including antiplatelet therapy; ARBs: Angiotensin Il receptor
blockers; CCB: calcium channel blockers; Rel.: relative frequency.

Table 4 Comparison of the descriptive cost items without medica-
tion costs

Total patient cohort (n = 422)

Cost item Min Max Med Q Qs
GP 0 958 20 0 40
Cardiologist 0 712 0 0 71
Hospitalization 0 18,288 0 0 0
Rehabilitation 0 8,478 0 0 0

Costs in € (Euro).GP, costs of outpatient visits to the general prac-
titioner; cardiologist, costs of outpatient visits to the cardiologist;
hospitalization, costs of hospitalizations due to heart failure; reha-
bilitation, costs of rehabilitation care due to heart failure.

more often in the placebo group (P = 0.01) and loop diuretics
more in the spironolactone group (P = 0.02)].

Predictors

Factors associated with impact on the costs are shown in
Table 5. Factors like atrial fibrillation, coronary artery disease,
and higher HF functional class were associated with higher
costs, while higher haemoglobin levels in women predicted
lower costs. Other factors, for example, age, arterial hyper-
tension, and chronic obstructive pulmonary disease, as well
as the level of diastolic dysfunction (E/e’), showed no impact
on higher costs.

Discussion

In this analysis, we measure for the first time the costs of
an ambulatory HFpEF cohort, which account for a median
amount of 332 € per patient per year (1118€ on average).
The analysis of the structure revealed hospitalization as the
driving cost factor followed by medication, rehabilitation,
and outpatient visits. Spironolactone did not change the
overall costs or the distribution over the different items;
however, it showed associations with certain compositions
of the con-medication. Independent predictors for higher
costs included men with lower haemoglobin values, better
VO,max, as well as the presence of coronary artery disease,
hyperlipidaemia, and atrial fibrillation.

Table 5 Incidence rate ratio of relevant predictive factors for over-
all costs

Predictive factor IRR 95% ClI P

Haemoglobin 0.791 0.706-0.887 <0.001
VO, max 1.049 1.009-1.090 0.015
Female vs. male 0.619 0.464-0.824 0.001
CAD, yes vs. no 1.399 1.026-1.910 0.034
Hyperlipidaemia, yes vs. no 1.608 1.189-2.175 0.002
Atrial fibrillation, yes vs. no 2.164 1.516-3.093 <0.001
NYHA 1l vs. 1I 1.640 1.120-2.406 0.011

CAD: coronary artery disease; Cl: confidence interval; IRR: incidence
rate ratio; NYHA: New York Heart Association.
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This analysis gained power through the bottom-up-
approach, which focused on the use of resources on every
level of each subject instead of referring to aggregated cohort
data.

Analyses by other authors investigating HF populations and
providing their use of medical resources focused mainly on a
different selection of patients, for example, Biermann et al. in-
vestigated a pooled HF cohort with LVEF < 50%.2" In that anal-
ysis, HFrEF and HF with mid-range ejection fraction patients
showed higher need for medical resources indicating higher
costs. There were more often outpatient visits to both GPs
as well as cardiologists than in our cohort [6.1 (¥9) and 1.7
(£2.5) vs. 1.8 (+3.4) and 0.4 (+£1.0) per year]. Hospital admis-
sions due to HF were more frequent in those patients [0.8
(£1.2) vs. 0.2 (+0.6) per year]. However, even the basic charac-
teristics differed: the cohort was younger and there were
more male subjects [25.2% female subjects and mean
age 62.9 (+ 13.6) years vs. 52% female subjects and mean
age 67 (+ 8) years]. Both analyses, theirs and ours, could show
that higher HF functional classes were associated with higher
costs.

Focusing on HFpEF populations only, similar effects could be
shown, for example, by Redfield et al. In the RELAX trial, they
investigated the effect of phosphodiesterase-5 inhibition with
administration of sildenafil for 24 weeks, compared with pla-
cebo in an HFpEF cohort.?® It did not result in significant im-
provement in exercise capacity or clinical status, but the data
could be analysed in the same bottom-up-approach like ours
and showed also a significant higher need for medical re-
sources in both medication and hospitalization terms. Al-
though the RELAX cohort was similar to the ALDO cohort
regarding the basic baseline characteristics (mean age
69 years, 49% women), they differed in others, such as the co-
morbidities. In summary, comorbidities were more present in
the RELAX than in the ALDO group, for example, arterial hyper-
tension 85% vs. 92%, diabetes mellitus 43% vs. 17%, chronic
obstructive pulmonary disease 19% vs. 3%, and atrial fibrilla-
tion 51% vs. 15%. Consequently, the number of con-
medication was higher than in the ALDO cohort, for example,
loop diuretics 77% vs. 17% or ACEi 70% vs. 46%. Even in labo-
ratory and clinical testing, the RELAX group appeared to be
sicker with median N-terminal pro brain natriuretic peptide
values around 700 pg/mL vs. 158 pg/mL in the ALDO cohort.
VO,max was at 11.7 mL/min/kg vs. >16 mL/min/kg in the
aldo-DHF data. Diastolic parameters like E/e’ (16 vs. 11.8)
and left atrial volume indexed to body surface area (44 mL/
m? vs. 26 mL/mZ) were also different. This constellation indi-
cates that patients with a higher disease burden have higher
costs, represented by the fact that HF hospitalization was an
inclusion criterion in RELAX but not in aldo-DHF. In contrast,
only 37% of aldo-DHF patients had a hospitalization before
baseline. Korves et al.” could show that hospitalization and
especially the 6 months after HF hospitalization are the most
costly periods of the patient journey.

Conclusively, we show that early stage HFpEF patients have
lower costs and because managing the comorbidities is the
main treatment approach at the moment, an early diagnosis
and prevention as well as treatment of comorbidities reduces
the economic costs even of an oligosymptomatic, relatively
young HFpEF cohort.

In analysing the predictive factors for higher costs, the only
item that we can change and improve besides optimal ther-
apy of comorbidities is VO,max. This underlines the idea that
physical exercises could improve HFpEF population outcomes
and lower the costs of their care.

Limitations to this analysis include focusing on direct costs.
Indirect costs, for example, disability to work, early retire-
ment, and commute to diagnosis or treatment, were not in-
cluded. Incidental costs in an elderly population with HFpEF
are negligible due to their higher age (67 + 8 years) and the
presumed retirement. Intangible costs were not observed in
the study protocol.

Compared with many other studies focusing on HFpEF, our
study population is relatively young. Being young and only
oligosymptomatic with a relatively low rate of HF hospitaliza-
tion created lower costs.

But even the number of outpatient visits was much lower
than expected, especially regarding visits to the cardiologist.
Regular study visits may have influenced the number of other
outpatient visits to the GP or cardiologist although subjects
were instructed to keep regular appointments, including those
required for prescriptions for the con-medication.

Regarding the con-medication, we most likely underesti-
mate the real costs because we always calculated for the
cheapest generic per largest pack size drug of an agent. At
the same time, we only calculated single medication thera-
pies and did not include polypills, which are usually cheaper
than the combination of two drugs.

We could calculate the costs of a stable, oligosymptomatic
patient with HFpEF per year. Because the hospitalizations and
the following patient monitoring create the highest costs, we
need to find methods to reduce HF hospitalizations and pro-
cesses to decrease their impact on the overall costs in future
steps.

Conflict of interest

None declared.

Funding

This work was supported by the German Competence
Network for Heart Failure, funded by the German Federal
Ministry of Education and Research, and the Charité—
Universitatsmedizin Berlin, Germany.

ESC Heart Failure 2020; 7: 786-793
DOI: 10.1002/ehf2.12606



792

D. Hashemi et al.

References

1.

. Bleumink

Ponikowski P, Voors AA, Anker SD,
Bueno H, Cleland JGF, Coats AJS, Falk
V, Gonzalez-Juanatey JR, Harjola V-P,
Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske
B, Riley JP, Rosano GMC, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer
P. 2016 ESC Guidelines for the diagnosis
and treatment of acute and chronic
heart failure. Eur J Heart Fail 2016; 18:
891-975.

GS, Knetsch AM,
Sturkenboom MCJM, Straus SMJM,
Hofman A, Deckers JW, Witteman JCM,
Stricker BHC. Quantifying the heart fail-
ure epidemic: prevalence, incidence
rate, lifetime risk and prognosis of heart
failure—The Rotterdam Study. Eur
Heart J 2004; 25: 1614-1619.

. Redfield MM, Jacobsen SJ, Burnett JC

Jr, Mahoney DW, Bailey KR, Rodeheffer
RJ. Burden of systolic and diastolic ven-
tricular dysfunction in the community.
JAMA 2003; 289: 194-202.

. Mosterd A, Hoes AW. Clinical epidemiol-

ogy of heart failure. Heart 2007; 93:
1137-1146.

. Ponikowski P, Voors AA, Anker SD,

Bueno H, Cleland JGF, Coats AJS, Falk
V, Gonzalez-Juanatey JR, Harjola V-P,
Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske
B, Riley JP, Rosano GMC, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer
P, Authors/Task Force Members, Docu-
ment Reviewers. 2016 ESC Guidelines
for the diagnosis and treatment of acute
and chronic heart failure: the task force
for the diagnosis and treatment of acute
and chronic heart failure of the Euro-
pean Society of Cardiology (ESC). De-
veloped with the special contribution.
Eur J Heart Fail 2016; 18: 891-975.

. Vaduganathan M, Patel RB, Michel A,

Shah SJ, Senni M, Gheorghiade M, But-
ler J. Mode of death in heart failure with
preserved ejection fraction. J Am Coll
Cardiol Elsevier 2017; 69: 556-569.

. Owan TE, Hodge DO, Herges RM,

Jacobsen SJ, Roger VL, Redfield MM.
Trends in prevalence and outcome of
heart failure with preserved ejection
fraction. N Engl J Med 2006; 355:
251-259.

. Benjamin EJ, Blaha MJ, Chiuve SE,

Cushman M, Das SR, Deo R, de Ferranti
SD, Floyd J, Fornage M, Gillespie C, Isasi
CR, Jiménez MC, Jordan LC, Judd SE,
Lackland D, Lichtman JH, Lisabeth L,
Liu S, Longenecker CT, Mackey RH,
Matsushita K, Mozaffarian D, Mussolino
ME, Nasir K, Neumar RW, Palaniappan
L, Pandey DK, Thiagarajan RR, Reeves
MJ, Ritchey M, Rodriguez CJ, Roth GA,
Rosamond WD, Sasson C, Towfighi A,
Tsao CW, Turner MB, Virani SS, Voeks
JH, Willey JZ, Wilkins JT, Wu JH, Alger
HM, Wong SS, Muntner P, American
Heart Association Statistics Committee

10.

11.

12.

13.

14.

15.

16.

17.

18.

and Stroke Statistics Subcommittee.
Heart Disease and Stroke Statistics—
2017 Update: A Report From the Ameri-
can Heart Association. Circulation 2017;
135: e146-e603.

. Lloyd-Jones D, Adams RJ, Brown TM,

Carnethon M, Dai S, De Simone G,
Ferguson TB, Ford E, Furie K, Gillespie
C, Go A, Greenlund K, Haase N,
Hailpern S, Ho PM, Howard V, Kissela
B, Kittner S, Lackland D, Lisabeth L,
Marelli A, McDermott MM, Meigs J,
Mozaffarian D, Mussolino M, Nichol G,
Roger VL, Rosamond W, Sacco R, Sorlie
P, Stafford R, Thom T, Wasserthiel-
Smoller S, Wong ND, Wylie-Rosett J. Ex-
ecutive summary: heart disease and
stroke statistics—2010 update: a report
from the American Heart Association.
Circulation 2010; 121: 948-954.
Braunschweig F, Cowie MR, Auricchio A.
What are the costs of heart failure?
Europace 2011; 13: 13-17.

Meerding WJ, Bonneux L, Polder JJ,
Koopmanschap MA, van der Maas PJ.
Demographic and epidemiological deter-
minants of healthcare costs in Nether-
lands: cost of illness study. BMJ 1998;
317: 111-115.

Rodriguez-Artalejo F, Guallar-Castillon
P, Banegas Banegas JR, del Rey Calero
J. Trends in hospitalization and mortal-
ity for heart failure in Spain, 1980-
1993. Eur Heart J 1997; 18: 1771-1779.
Ziaeian B, Fonarow GC. Epidemiology
and aetiology of heart failure. Nat Rev
Cardiol 2016; 13: 368-378.

Shafie AA, Tan YP, Ng CH. Systematic re-
view of economic burden of heart fail-
ure. Heart Fail Rev 2018; 23: 131-145.
Lesyuk W, Kriza C, Kolominsky-Rabas P.
Cost-of-illness studies in heart failure: a
systematic review 2004-2016. BMC
Cardiovasc Disord 2018; 18: 74.
Hollingworth W, Biswas M, Maishman
RL, Dayer MJ, McDonagh T, Purdy S,
Reeves BC, Rogers CA, Williams R,
Pufulete M. The healthcare costs of
heart failure during the last five years
of life: a retrospective cohort study. Int
J Cardiol Elsevier Ireland Ltd 2016;
224: 132-138.

Banerjee P, Banerjee T, Khand A, Clark
AL, Cleland JGF. Diastolic heart failure:
neglected or misdiagnosed? J Am Coll
Cardiol Elsevier Masson SAS 2002; 39:
138-141.

Edelmann F, Wachter R, Schmidt AG,
Kraigher-Krainer E, Colantonio C,
Kamke W, Duvinage A, Stahrenberg R,
Durstewitz K, Loffler M, Diingen H-D,
Tschope C, Herrmann-Lingen C, Halle
M, Hasenfuss G, Gelbrich G, Pieske B,
Aldo-DHF  Investigators. Effect of
spironolactone on diastolic function
and exercise capacity in patients with
heart failure with preserved ejection
fraction: the Aldo-DHF randomized con-
trolled trial. JAMA 2013; 309: 781-791.

19.

20.

21.

22.

23.

24.

Mehrhof F, Loffler M, Gelbrich G,
Ozcelik C, Posch M, Hense HW, Keil U,
Scheffold T, Schunkert H, Angermann
C, Ertl G, Jahns R, Pieske B, Wachter R,
Edelmann F, Wollert KC, Maisch B,
Pankuweit S, Erbel R, Neumann T,
Herzog W, Katus H, Miiller-Tasch T,
Zugck C, Diingen HD, Regitz-Zagrosek
V, Lehmkuhl E, Stérk S, Siebert U,
Wasem J, Neumann A, Gohler A, Anker
SD, Kohler F, Mockel M, Osterziel K-J,
Dietz R, Rauchhaus M. A network
against failing hearts—introducing the
German ‘competence Network Heart
Failure’. Int J Cardiol 2010; 145:
135-138.

Edelmann F, Schmidt AG, Gelbrich G,
Binder L, Herrmann-Lingen C, Halle M,
Hasenfuss G, Wachter R, Pieske B. Ratio-
nale and design of the ‘aldosterone re-
ceptor blockade in diastolic heart
failure’ trial: a double-blind, random-
ized, placebo-controlled, parallel group
study to determine the effects of
spironolactone on exercise capacity and
diastolic function in pa. Eur J Heart Fail
2010; 12: 874-882.

Paulus WJ, Tschope C, Sanderson JE,
Rusconi C, Flachskampf FA, Rademakers
FE, Marino P, Smiseth OA, De Keulenaer
G, Leite-Moreira AF, Borbély A, Edes I,
Handoko ML, Heymans S, Pezzali N,
Pieske B, Dickstein K, Fraser AG,
Brutsaert DL. How to diagnose diastolic
heart failure: a consensus statement on
the diagnosis of heart failure with nor-
mal left ventricular ejection fraction by
the Heart Failure and Echocardiography
Associations of the European Society of
Cardiology. Eur Heart J 2007; 28:
2539-2550.

Schoffski O, Glaser P, Schulenburg J-M
G v.d, eds. Gesundheitsékonomische
Evaluationen.  Berlin, Heidelberg:

Springer Berlin Heidelberg; 1998.

Icks A, Chernyak N, Bestehorn K,
Briiggenjiirgen B, Bruns J, Damm O,
Dintsios C-M, Dreinhéfer K, Gandjour
A, Gerber A, Greiner W, Hermanek P,
Hessel F, Heymann R, Huppertz E, Jacke
C, Kéchele H, Kilian R, Klingenberger D,
Kolominsky-Rabas P, Krdmer H, Krauth
C, Lingen M, Neumann T, Porzsolt F,
Prenzler A, Pueschner F, Riedel R,
Riither A, Salize HJ, Scharnetzky E,
Schwerd W, Selbmann HK, Siebert H,
Stengel D, Stock S, Voller H, Wasem J,
Schrappe M. Methoden der
gesundheitsokonomischen  Evaluation
in der Versorgungsforschung TT -
Methods of  Health Economic
Evaluation for Health Services Re-
search. Gesundheitswesen 2010; 72:
917-933.

Krauth C, Hessel F, Hansmeier T, Wasem
J, Seitz R, Schweikert B. Empirical stan-
dard costs for health economic evalua-
tion in Germany—a proposal by the
working group methods in health

ESC Heart Failure 2020; 7: 786-793
DOI: 10.1002/ehf2.12606



The economic Impact of HFpEFfrom Aldo-DHF

793

25.

economic evaluation. Gesundheitswesen
Germany 2005; 67: 736-746.

Biermann J, Neumann T, Angermann
CE, Erbel R, Maisch B, Pittrow D,
Regitz-Zagrosek V, Scheffold T, Wachter
R, Gelbrich G, Wasem J, Neumann A.
Economic burden of patients with vari-
ous etiologies of chronic systolic heart
failure analyzed by resource use and
costs. Int J Cardiol Elsevier Ireland Ltd
2012; 156: 323-325.

26. Redfield MM, Chen HH, Borlaug BA,

Semigran MJ, Lee KL, Lewis G, LeWinter
MM, Rouleau JL, Bull DA, Mann DL,
Deswal A, Stevenson LW, Givertz MM,
Ofili EO, O’Connor CM, Felker GM,
Goldsmith SR, Bart BA, McNulty SE,
Ibarra JC, Lin G, Oh JK, Patel MR, Kim
RJ, Tracy RP, Velazquez EJ, Anstrom
KJ, Hernandez AF, Mascette AM,
Braunwald E, for the RELAX Trial. Effect
of phosphodiesterase-5 inhibition on

27.

exercise capacity and clinical status in
heart failure with preserved ejection
fraction. JAMA 2013; 309: 1268-1277.
Korves C, Eldar-Lissai A, McHale J,
Lafeuille M-H, Hwa Ong S, Sheng Duh
M. Resource utilization and costs follow-
ing hospitalization of patients with
chronic heart failure in the US. J Med
Econ 2012; 15: 925-937.

ESC Heart Failure 2020; 7: 786-793
DOI: 10.1002/ehf2.12606




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


