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Abstract

Aims The aim of this study was to assess the burden of heart failure (HF) patients with/without iron deficiency/iron defi-
ciency anaemia (ID/A) from the health insurance perspective.
Methods and results We conducted a retrospective claims database analysis using the Institut für angewandte
Gesundheitsforschung Berlin research database. The study period spanned from 1 January 2012 to 31 December 2014. HF pa-
tients were identified by International Statistical Classification of Diseases and Related Health Problems, 10th revision, German
Modification codes (I50.-, I50.0-, I50.00, I50.01, I50.1-, I50.11, I50.12, I50.13, I50.14, I50.19, and I50.9). HF patients were strat-
ified into HF patients without ID/A and HF patients with ID/A (D50.-, D50.0, D50.8, D50.9, and E61.1). HF patients with ID/A
were stratified into three subgroups: no iron treatment, oral iron treatment, and intravenous iron treatment. A matching ap-
proach was applied to compare outcomes for HF patients without ID/A vs. HF patient with untreated incident ID/A without
iron treatment and for HF patients receiving no iron treatment vs. oral iron treatment vs. intravenous iron treatment.
Matching parameters included exact age, sex, and New York Heart Association functional class. An optimization algorithm
was used to balance total health care costs in the baseline period for the potential matched pairs without sample size reduc-
tion. In total, 172 394 (4537.4 per 100 000) HF patients were identified in the Institut für angewandte Gesundheitsforschung
Berlin research database in 2013. Of these, 11.1% (19 070; 501.9 per 100 000) were diagnosed with ID/A and/or had a pre-
scription for iron medication in 2013. The mean age of HF patients was 77.0 years (±12.0 years). Women were more frequently
diagnosed with HF (54.6%). HF patients with untreated incident ID/A (1.77%) had a significantly higher all-cause mortality than
HF patients without ID/A (33.1% vs. 24.1%, P < 0.01). The analysis of health care utilization revealed significant differences in
the rate of all-cause hospitalization (72.9% vs. 50.5%, P < 0.01). The annual health care costs for HF patients with untreated
incident ID/A amounted to €17 347 with incremental costs of €849 (P < 0.01) attributed to ID/A.
Conclusions Heart failure is associated with a major burden for patients and the health care system in terms of health care
resource utilization, costs, and mortality. Our findings suggest that there is an unmet need for treating more HF patients with
ID/A with iron medication.
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Introduction

Heart failure (HF) is a clinical syndrome presenting with
typical symptoms like breathlessness, ankle swelling, and
fatigue. These symptoms might be accompanied by signs
of elevated jugular venous pressure, pulmonary crackles,
and peripheral oedema. HF is caused by a structural
and/or functional cardiac abnormality, resulting in a

reduced cardiac output and/or an elevated intracardiac
pressure when the patients are at rest or during phases
of stress.1 HF appears in different stages that are classified
according to the New York Heart Association (NYHA) into
four functional classes NYHA I to NYHA IV describing the
severity of symptoms and exercise tolerance.2 Approxi-
mately 800 000 to 1 600 000 individuals of the German
population are affected by HF3 with a prevalence of
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3956.3 per 100 000 and an incidence of 270–655 per
100 0004 and differ among federal states in Germany.5,6

HF is associated with an increased mortality and was the
third most common reason for death in Germany in 2015
with 47 414 cases and 5.1% of all deceased.7 Iron defi-
ciency anaemia (ID/A) has been reported as a frequent
co-morbidity in chronic HF in up to 50% and has been as-
sociated with impaired functional capacity, poor quality of
life, and increased mortality,8–11 whereas all-cause anaemia
alone has been reported in congestive HF patients in up to
17%.12 Treating HF patients with ID/A with intravenous iron
supplement treatment improves symptoms, functional ca-
pacity, and quality of life.13,14 For patients with systolic
HF and ID receiving intravenous iron supplement treatment
also a reduction of recurrent cardiovascular (CV) and HF-
related hospitalizations and all-cause and CV mortality was
reported.15

Nevertheless, little is known about the burden of ID/A in
HF patients from a health care system/payer perspective.
So far, health care utilization—in terms of hospitalizations
and outpatient visits, as well as corresponding health care ex-
penditures—has not been investigated for HF patients with
and without ID/A, taking into account the broad spectrum
of sectors in a health care system.

The aim of this study was to provide current information
on the prevalence of HF in Germany and to further assess
the incremental burden of ID/A in patients suffering from
HF from the perspective of the statutory health insurance
(SHI). Moreover, this study compared the effect of intrave-
nous iron treatment vs. oral iron treatment or no iron treat-
ment in HF patient suffering from ID/A.

Methods

Study design

We conducted a retrospective claims database analysis using
the Institut für angewandte Gesundheitsforschung Berlin
(InGef) research database (formerly known as Health Risk In-
stitute research database) containing anonymized health care
claims of approximately four million covered lives. The InGef
research database is adjusted to the German population in
terms of age and gender and is considered to be in good
accordance with the German population for measures of
morbidity, mortality, and drug usage.16 The study was
conducted from the perspective of the SHI.

Data source

Legal basis/foundation
The InGef research database includes verified claims data of
the participating insurance companies, which is originally
used for reimbursement purposes. These claims data were

used in this study for scientific research purposes in accor-
dance with German Social Law.

Data protection
The InGef research database addresses all data protection
regulations in Germany. All personal information of patients,
physicians, and other health care providers is anonymized
before the data are made available for research. Results will
not be reported for groups with less than five patients.

Data flow
The InGef database consists of claims data from approxi-
mately 75 different health insurances corresponding to ap-
proximately two-thirds of the overall number of health
insurances in Germany. The InGef research database is an ad-
justed sample of the pooled claims data of the participating
health insurances and covers approximately four million lives,
structured to represent the German population in terms of
age and gender as of 2013.

Study period

The study period encompasses the time frame from 1 January
2012 to 31 December 2014.

Study population

Heart failure patients were identified by using International
Statistical Classification of Diseases and Related Health Prob-
lems, 10th revision, German Modification (ICD-10-GM) codes
(Heart failure I50.-, Right ventricular failure I50.0-, Primary
right ventricular failure I50.00, Secondary right ventricular
failure I50.01, Left ventricular failure I50.1-, Left ventricular
failure, NYHA functional class I I50.11, Left ventricular failure,
NYHA functional class III 50.12, Left ventricular failure, NYHA
functional class III I50.13, Left ventricular failure, NYHA func-
tional class IV I50.14, Left ventricular failure, unspecified
I50.19, Heart failure, unspecified I50.9) in the inpatient (main
or secondary diagnoses) and/or outpatient setting (verified
diagnoses) from 1 January 2013 to 31 December 2013.

Subgroups

Heart failure patients were stratified into HF patients without
ID/A and HF patients with ID/A using ICD-10-GM codes [Iron
deficiency anaemia D50.-, Iron deficiency anaemia secondary
to blood loss (chronic) D50.0, Other iron deficiency anaemias
D50.8, Iron deficiency anaemia, unspecified D50.9, Iron
deficiency E61.1] for ID/A and/or Anatomical Therapeutic
Chemical Classification System (ATC) codes for prescribed
iron medication (B03A) in the time frame from 1 January
2013 to 31 December 2013.
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An index quarter was defined for each group. For HF pa-
tients without ID/A, the index quarter was defined by the first
HF diagnosis in 2013. For HF patients with ID/A, the first
quarter in 2013 with either both an HF diagnosis and an iron
prescription or both an HF diagnosis and an ID/A diagnosis
determined the index quarter.

To assure that HF patients without ID/A were not
misclassified, they additionally were screened for ID/A codes
in the four quarters before the index quarter and in the three
quarters after the index quarter.

Furthermore, HF patients with ID/A were stratified
into three subgroups: no iron treatment, oral iron treatment,
and intravenous iron treatment. Oral iron treatment was
identified by ATC codes B03AA and B03AB for oral prepara-
tions and B03AD and B03AE for oral combinations of iron
and other agents. Intravenous iron treatment was identified
by ATC codes B03AC for parenteral iron preparations.

To ensure that patients in the no iron treatment group
were treatment naïve and were not treated with iron
throughout the entire individual observation period, patients
having a prescription of iron in the four quarters before the
index quarter or starting an iron treatment in the three quar-
ters after the index without a concurrent HF diagnosis were
excluded from this group.

To be able to compare HF patients with oral iron treatment
and intravenous iron treatment, only patients who were inci-
dent on iron treatment and did not switch the iron treatment
were included in the analysis. Therefore, patients who either
had a prescription of iron in the four quarters before the
index quarter or who switched between oral and intravenous
iron in the index quarter or the three subsequent quarters
were excluded from these two groups.

Patients were described in terms of age and sex at the in-
dex quarter. They were stratified into NYHA functional classes
using the highest NYHA functional class coded by ICD-10-GM
in the index quarter. NYHA functional class I was identified by
ICD-10-GM code I50.11, NYHA functional class II was identi-
fied by ICD-10-GM code I50.12, NYHA functional class III
was identified by ICD-10-GM code I50.13, and NYHA func-
tional class IV was identified by ICD-10-GM code I50.14. HF
patients with no specific NYHA functional class code in 2013
(I50, I50.0, I50.00, I50.01, I50.1, I50.19, and I50.9) were clas-
sified as NYHA functional class N/A.

Matching

An exact direct 1:1 matching approach was used to compare
HF patients without ID/A with HF patients with untreated in-
cident ID/A. Matching parameters were age, sex, and NYHA
functional class. Total health care costs in the four quarters
before the index quarter (baseline period) were balanced
using an optimization algorithm. In cases where there were
various matching partners available for an HF patient with in-
cident ID/A, the optimization algorithm chose the individual

that in total overall matched pairs minimized the costs differ-
ence of total health care costs in the four quarters before the
index quarter.

An exact direct 1:1:1 matching approach was used to com-
pare HF patients with ID/A receiving no iron treatment with
HF patients with ID/A who were treated with oral iron medi-
cation and with HF patients with ID/A who were treated with
intravenous iron medication. Matching parameters were age
classes of 5 years, sex, and NYHA functional class. Total health
care costs in the four quarters before the index quarter were
balanced using an optimization algorithm. In cases where
there were various matching partners available, the optimiza-
tion algorithm chose the individual that in total overall
matched pairs minimized the costs difference of total health
care costs in the four quarters before the index quarter
(baseline period).

Matching balance was measured by the standardized dif-
ference with a threshold of 10%17–20 indicating an imbalance
of the matching parameters if the standardized difference ex-
ceeds the threshold.

Patients with the need of dialysis in the baseline period
were excluded before the matching as dialysis-dependent
ID/A was not the subject of this study.

Mortality

All-cause mortality was analysed in an individual 1 year time
frame of four quarters including the index and the following
three quarters. All-cause mortality was described as an an-
nual rate, and Kaplan–Meier estimators were used to deter-
mine time to death. Differences in the all-cause mortality
between the groups were tested with log-rank tests for sta-
tistical significance. All-cause mortality was defined as any
reason for death as the utilized data source contains no ex-
plicit reason for death for each patient.

Outcomes

Health care utilization and costs were assessed in an individ-
ual 1 year time frame including the index quarter and the fol-
lowing three quarters. Hospitalizations were analysed in
terms of all-cause hospitalizations and HF-related hospitaliza-
tion, defined as hospitalizations with an HF diagnosis re-
corded as the main or secondary diagnosis. Outpatient visits
were considered to be HF related if an HF diagnosis was
coded as a verified diagnosis in the same quarter. Sick leave
was analysed in relation to HF, defined as all cases of sick
leave with an HF diagnosis, and overall. Health care costs
were analysed in total and for the cost domains inpatient
care, outpatient care, pharmaceuticals, devices and aids,
and sick leave payments. Health care costs were separately
analysed for HF patients deceasing in the 1 year time frame
and those surviving it.
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Results

Descriptive unadjusted analyses

Study population
The InGef research database encompassed 3 799 392 individ-
uals who were continuously observable in the years 2012 to
2014 with exception of individuals who deceased in 2013 or
2014. This sample served as the basis of the analysis.

Prevalence
In total, 172 394 (4537.4 per 100 000) HF patients were iden-
tified in the InGef research database in 2013. Extrapolated to
the German population, this would result in a total of approx-
imately 3 653 691 individuals and 3 159 716 individuals for
the SHI population.21,22 Of these, 11.1% (19 070; 501.9 per
100 000) were also diagnosed with ID/A and/or had a pre-
scription for iron medication in 2013. ID alone was docu-
mented in only 0.9% of the HF patients (1529 patients).

Demographics and New York Heart Association functional
classes
The mean age of HF patients was 77.0 years (±12.0 years) for
both sexes and all NYHA functional classes. Patients
with NYHA functional class IV were on average older
(79.3 ± 10.8 years) than patients with other NYHA functional
classes (NYHA I: 72.2 ± 13.0 years, NYHA II: 75.1 ± 11.6 years,
NYHA III: 77.7 ± 11.2 years, and NYHA N/A: 77.2 ± 12.2 years).
Women with HF (54.6%) were on average older than male HF
patients overall NYHA functional classes, ranging from

74.8 ± 12.8 years in NYHA functional class I to 82.0 ± 9.8 years
in NYHA functional class IV. In comparison, men with HF had
amean age of 74.0 ± 12.0 years, ranging from 69.9 ± 12.7 years
in NYHA functional class I to 76.5 ± 11.0 years in NYHA func-
tional class IV.

Themean age of HF patients with ID/A was 79.1 ± 10.9 years
in contrast to 76.7 ± 12.1 years for HF patients without ID/A.
The share of female patients was 58.5% for the group of HF
patients with ID/A and 54.1% for the group of HF patients
without ID/A. Female HF patients were on average older in
both groups, but the difference was notably smaller in the
group of HF patients with ID/A (women: 80.5 ± 11.0 years
and men: 77.2 ± 10.5 years) than in the group of HF patients
without ID/A (women: 79.3 ± 11.4 years and men:
73.6 ± 12.2 years).

Heart failure patients with ID/A presented with NYHA func-
tional classes I (3%), II (13%), III (19%), and IV (20%). Most of
the patients were classified as NYHA functional class N/A
(45%) due to NYHA functional class unspecific ICD-10-GM di-
agnoses in the index quarter. In contrast, HF patients without
ID/A presented with NYHA functional classes I (5%), II (15%),
III (13%), IV (9%), and NYHA functional class N/A (58%).

Mortality
Heart failure patients with ID/A had a higher all-cause mortal-
ity (17.8% vs. 10.8%, χ2 test P < 0.01) (Figure 1) in general,
whereas for HF patients with NYHA functional class IV, all-
cause mortality was higher in the group of HF patients with-
out ID/A (36.4% vs. 34.7%, χ2 test P < 0.01).

Figure 1 All-cause mortality stratified by NYHA functional classes.
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Iron treatment
The majority of HF patients with ID/A did not receive iron
treatment (56.1%). Oral iron was administered in 37.9% and
intravenous iron was administered in 6.0% of patients.

Health care utilization
The all-cause hospitalization rate for HF patients with ID/A
was 72.9% in contrast to 50.5% (χ2 test P < 0.01) for HF pa-
tients without ID/A. HF-related hospitalization occurred in
50.4% of the HF patients with ID/A and in 31.1% (χ2 test
P < 0.01) of the HF patients without ID/A. The average all-
cause hospitalization lasted 14.6 days for HF patients with
ID/A and 14.0 days (t-test P < 0.01) for HF patients without
ID/A. The average length of stay per HF-related hospitaliza-
tion was 15.4 days for HF patients with ID/A compared with
13.6 days (t-test P < 0.01) for HF patients without ID/A.

On average, HF patients with ID/A had 31.8 HF-related out-
patient visits compared with 19.3 (t-test P < 0.01) in HF pa-
tients without ID/A. The most physician contacts were with
a primary care physician (10.5 contacts), a nephrologist (6.1
contacts), or an internist working as primary care provider
(3.9 contacts) for HF patients with ID/A. In the group of HF
patients without ID/A, the most physician contacts were also
with a primary care physician (7.8 contacts), an internist
working as primary care provider (2.9 contacts), or a labora-
tory physician with 1.4 contacts, respectively.

Sick leave
A share of 5.3% of the HF patients without ID/A had at least
one episode of sick leave during the study period. The pro-
portion was 2.0% (χ2 test P < 0.01) in the group of HF pa-
tients with ID/A. HF-related sick leave occurred in 0.7% of
the HF patients without ID/A and in 0.3% (χ2 test P < 0.01)
of the HF patients with ID/A.

Health care costs
The mean annual overall health care costs of the surviving pa-
tients amounted to €14 998 for HF patients with ID/A and
amounted to €6916 (t-test P < 0.01) for HF patients without
ID/A. The cost driver in both groups was inpatient care. Mean
annual overall health care costs of the deceasing HF patients
were notably higher than those of the surviving HF patients.
The main cost driver was also inpatient care. However, all

other cost domains showed decreasing costs for the
deceased HF patients (Table 1).

Matching analysis—incremental burden of iron
deficiency anaemia

Matching heart failure patients without iron deficiency
anaemia to heart failure patients with untreated incident
iron deficiency anaemia
The exact matching using age, sex, and NYHA functional class
resulted in 3048 HF patients without ID/A and 3048 HF pa-
tients with untreated incident ID/A. The standardized differ-
ence for baseline costs reached 3.5%, which is below the
threshold of 10% as criteria for balanced comparison groups.

Demographics and New York Heart Association functional
classes
The mean age of the matched cohorts of HF patients without
ID/A and HF patients with untreated incident ID/A was
79.9 years (±10.1 years). More than half of the patients were
women (58.1%). The proportion of the NYHA functional clas-
ses was NYHA I 2.9%, NYHA II 12.2%, NYHA III 20.1%, NYHA IV
20.1%, and NYHA N/A 44.6%.

Mortality
Heart failure patients with untreated incident ID/A had a sig-
nificantly higher all-cause mortality than HF patients without
ID/A (33.1% vs. 24.1%, McNemar test P < 0.01). This was ob-
served overall individual NYHA functional classes except for
NYHA I where the same trend did not reach statistical signif-
icance (Table 2). When stratified by male and female pa-
tients, the all-cause mortality rate was significantly higher
for HF patients with untreated incident ID/A for the two
NYHA functional classes III and IV for both sexes. Male pa-
tients had a higher all-cause mortality than their female coun-
terparts in both groups. However, the highest all-cause
mortality was observed in female HF patients with incident
untreated ID/A and an NYHA functional class IV with 56.5%
(Table 2).

The time-to-death analysis also revealed significant differ-
ences (log-rank test P < 0.01) between the two matched co-
horts. Figure 2 shows the Kaplan–Meier curves for the overall

Table 1 Annual mean health care costs per cost domain and in total—unmatched comparison

HF patients with ID/A HF patients without ID/A

Cost domain/group Survivor Deceased Survivor Deceased

Inpatient care €8463 €16 091 €3946 €12 088
Outpatient care €3082 €1817 €1075 €721
Pharmaceuticals €2862 €1717 €1512 €1224
Devices and aids €534 €336 €270 €229
Sick leave payments €58 €21 €113 €28
Total €14 998 €19 983 €6916 €14 290

HF, heart failure; ID/A, iron deficiency/iron deficiency anaemia.
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population of HF patients without ID/A and those with HF
and untreated incident ID/A. The stratification by NYHA func-
tional classes also showed significant differences between the
two matched cohorts for all NYHA functional classes except
for NYHA I (Figure 2).

Health care utilization
The analysis of health care utilization revealed significant dif-
ferences in the rate of all-cause hospitalized patients (HF pa-
tients without ID/A: 82.6%, HF patients with untreated
incident ID/A: 83.8%, McNemar test P = 0.03). The rate of
HF-related hospitalized patients did not differ significantly be-
tween the two matched cohorts (HF patients without ID/A:
64.0%, HF patients with untreated incident ID/A: 63.0%,
McNemar test P = 0.17). HF patients with untreated incident
ID/A had significantly more all-cause hospitalizations (mean
2.2, Wilcoxon signed rank test P < 0.01) and similar HF-
related hospitalizations (mean 1.2, Wilcoxon signed rank test
P = 1) compared with HF without ID/A.

The average duration of an all-cause hospitalization was
30.8 days for HF patients without ID/A and 31.6 days for HF
patients with untreated incident ID/A (Wilcoxon signed rank
test P = 0.04). HF-related hospitalizations were of shorter du-
ration in both groups (16.9 days for HF patients without ID/A
and 17.8 days for HF patients with untreated incident ID/A)
but significantly longer for HF patients with untreated inci-
dent ID/A (Wilcoxon signed rank test P = 0.01).

Health care costs
The analysis of annual all-cause health care costs revealed in-
cremental costs of €849 for the HF patients with untreated

incident ID/A (Wilcoxon signed rank test P < 0.01) compared
with HF patients without ID/A. In detail, HF patients with un-
treated incident ID/A surviving the study period had €385
higher total mean annual health care costs than HF patients
without ID/A (Wilcoxon signed rank test P = 0.81), whereas
the total mean annual health care costs of deceased HF pa-
tients were higher in HF patients without ID/A (Wilcoxon
signed rank test P < 0.01). The cost drivers were the costs
for inpatient care in both comparison groups and for all sub-
groups (Table 3).

Matching analysis—comparison of treatment
options for iron deficiency anaemia

Matching heart failure patients with iron deficiency anae-
mia receiving no iron treatment to heart failure patients
with iron deficiency anaemia receiving oral iron treatment
and to heart failure patients with iron deficiency anaemia
receiving intravenous iron treatment
For the comparison of treatment options for ID/A, a total of
10 217 HF patients (5731 HF patients with ID/A receiving no
iron treatment, 3870 HF patients with ID/A receiving oral iron
treatment, and 616 HF patients with ID/A receiving intrave-
nous iron treatment) were available in the database for the
analysis. After the exclusion of dialysis-dependent patients,
5645 HF patients with ID/A receiving no iron treatment,
3837 HF patients with ID/A receiving oral iron treatment,
and 394 HF patients with ID/A receiving intravenous iron
treatment remained in the comparison groups.

Table 2 All-cause mortality rates for HF patients without ID/A and for HF patients with untreated incident ID/A—1:1 matched comparison

NYHA
(max. in
2013)

HF without ID/A
HF with untreated incident ID/A

without iron treatment
McNemar

test

n % n % P-value

Number of deceased
patients—male

NYHA N/A 123 23.0 167 31.2 <0.01
NYHA I 7 17.9 5 12.8 0.53
NYHA II 19 10.9 46 26.3 <0.01
NYHA III 71 26.6 105 39.3 <0.01
NYHA IV 109 41.6 138 52.7 0.01
NYHA I–IV 206 27.7 294 39.6 <0.01
Total 329 25.7 461 36.1 <0.01

Number of deceased
patients—female

NYHA N/A 142 17.2 169 20.5 0.07
NYHA I <5 8.0 7 14.0 0.32
NYHA II 36 18.4 45 23.0 0.24
NYHA III 66 19.0 128 36.9 <0.01
NYHA IV 159 45.2 199 56.5 <0.01
NYHA I–IV 265 28.0 379 40.1 <0.01
Total 407 23.0 548 31.0 <0.01

Number of deceased
patients—both

NYHA N/A 265 19.5 336 24.7 <0.01
NYHA I 11 12.4 12 13.5 0.82
NYHA II 55 14.8 91 24.5 <0.01
NYHA III 137 22.3 233 37.9 <0.01
NYHA IV 268 43.6 337 54.9 <0.01
NYHA I–IV 471 27.9 673 39.9 <0.01
Total 736 24.1 1.009 33.1 <0.01

HF, heart failure; ID/A, iron deficiency/iron deficiency anaemia; NYHA, New York Heart Association.
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Figure 2 Kaplan–Meier curves for HF patients without ID/A and for HF patients with untreated incident ID/A—overall and stratified by NYHA func-
tional class. HF, heart failure; ID/A, iron deficiency anaemia; NYHA, New York Heart Association.

Table 3 Annual mean health care costs per cost domain and in total—1:1 matched comparison

Cost domain/group

HF patients without ID/A HF patients with untreated incident ID/A

All patients Survivor Deceased All patients Survivor Deceased

Inpatient care €12 420 €10 245 €19 251 €13 833 €10 932 €19 696
Outpatient care €1102 €1201 €790 €1063 €1258 €669
Pharmaceuticals €2391 €2582 €1792 €1891 €2217 €1230
Devices and aids €472 €543 €247 €496 €613 €258
Sick leave payments €114 €140 €34 €65 €75 €44
Total €16 498 €14 711 €22 113 €17 347 €15 096 €21 896

HF, heart failure; ID/A, iron deficiency/iron deficiency anaemia.
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The exact match using age groups of 5 years, sex, and
NYHA functional class resulted in 352 patients in each
matched cohort. The groups were considered to be balanced
with a standardized difference of 0% for sex and all NYHA
functional classes. The standardized differences for exact
age and baseline costs reached up to 1.4% and 4.92%, respec-
tively, also indicating balanced matched cohorts.

Demographics and New York Heart Association classes
The majority of HF patients in the three matched cohorts was
female with 58% of the population. The average age was
79.3 years (±8.7 years) for HF patients with ID/A receiving
no iron treatment, 79.4 years (±8.6 years) for HF patients
with ID/A receiving oral iron treatment, and 79.3 years
(±8.5 years) for HF patients with ID/A receiving intravenous
iron treatment. The proportion of NYHA functional classes
was 1.4% NYHA I, 12.2% NYHA II, 16.8% NYHA III, 8.5% NYHA
IV, and 61.1% NYHA N/A.

Mortality
A total of 23.6% of the HF patients with ID/A receiving no iron
treatment deceased in the follow-up period. HF patients with
ID/A receiving oral iron treatment had a lower all-cause mor-
tality with 22.4%, and HF patients with ID/A receiving intrave-
nous iron treatment had the lowest all-cause mortality with
18.5%. Men had a higher risk of dying compared with women
in all three matched cohorts with 27.9% vs. 20.5% for HF pa-
tients with ID/A receiving no iron treatment, 24.5% vs. 21.0%
for HF patients with ID/A receiving oral iron treatment, and
21.1% vs. 16.6% for HF patients with ID/A receiving intrave-
nous iron treatment (Table 4).

The time-to-death analysis revealed a significant advantage
for HF patients with ID/A receiving intravenous iron treat-
ment compared with HF patients with ID/A receiving no iron
treatment in NYHA functional class II (log-rank test P = 0.01),
NYHA functional class III (log-rank test P = 0.01), and pooled
NYHA functional classes I–IV (log-rank test P< 0.01), whereas
oral iron treatment compared with no iron treatment only
showed a significant advantage in NYHA functional class III
(log-rank test P = 0.02).

Direct comparison of oral iron treatment and intravenous
iron treatment favoured intravenous iron treatment in NYHA
functional class II patients (log-rank test P = 0.02) and re-
vealed the same trend for the pooled NYHA functional classes
I–IV (log-rank test P = 0.13). See Figure 3–5 for individual
Kaplan–Meier curves for HF patients with ID/A stratified by
treatment option and NYHA functional classes.

Health care utilization
Heart failure patients with ID/A receiving no iron treatment
had the highest all-cause hospitalization rate (78.1%) of the
three matched cohorts compared with 76.4% for HF patients
with ID/A receiving oral iron treatment and 70.7% for HF pa-
tients with ID/A receiving intravenous iron treatment. No sig-
nificant difference was observed between the HF patients

with ID/A receiving no iron treatment and those receiving
oral iron treatment (McNemar test P = 0.32). In contrast,
the all-cause hospitalization rate of HF patients with ID/A re-
ceiving intravenous iron treatment differed significantly from
those receiving no iron treatment (McNemar test P < 0.01)
and those receiving oral iron treatment (McNemar test
P < 0.01). More than half of the HF patients with ID/A receiv-
ing no iron treatment (53.7%) and of the HF patients with
ID/A receiving oral iron treatment (51.4%) experienced HF-
related hospitalizations. HF patients with ID/A receiving intra-
venous iron treatment had a lower HF-related hospitalization
rate with 48.6% (χ2 test P < 0.01). HF-related hospitalization
rates increased with higher NYHA functional class from
31.2%–38.1% for NYHA functional class N/A up to 90.0%–
93.3% for NYHA functional class IV.

Heart failure patients with ID/A receiving no iron treat-
ment had on average 2.0 all-cause hospitalizations and 0.9
HF-related hospitalizations. HF patients with ID/A receiving
oral or intravenous iron treatment had similar average hospi-
talizations (2.0 and 1.9 all-cause hospitalizations; 0.9 and 0.9
HF-related hospitalizations, respectively). The average dura-
tion of an all-cause hospitalization was 30.1 days for HF pa-
tients with ID/A receiving no iron treatment, 26.6 days for
HF patients with ID/A receiving oral iron treatment, and
24.9 days for HF patients with ID/A receiving intravenous iron
treatment. HF-related hospitalizations were of shorter dura-
tion in all three matched cohorts (14.0 days for HF patients
with ID/A receiving no iron treatment, 13.0 days for HF pa-
tients with ID/A receiving oral iron treatment, and 12.0 days
for HF patients with ID/A receiving intravenous iron
treatment).

The main contact in the outpatient setting for HF patients
with ID/A was the primary care physician with 13.5 visits for
HF patients with ID/A receiving no iron treatment, 13.4 visits
for HF patients with ID/A receiving oral iron treatment, and
13.9 visits for HF patients with ID/A receiving intravenous
iron treatment. The second most contact was with an inter-
nist working as a primary care provider with 3.7, 4.7, and
5.9 visits, respectively. In contrast, a cardiologist was only
seen 0.7, 0.9, and 1.4 times by the respective HF patient
groups. All-cause sick leave occurred in the group of HF pa-
tients with ID/A receiving no iron treatment with 2.6% of
the HF patients having sick leave and in less than 1.4% for
HF patients with ID/A receiving oral treatment and for HF pa-
tients with ID/A receiving intravenous iron treatment (less
than five patients). The average length of sick leave in of HF
patients with ID/A receiving no iron treatment was 2.3 days.

Health care costs
The comparison of all-cause annual health care costs identi-
fied HF patients with ID/A receiving no iron treatment to
have the highest mean costs (€15 144). The lowest all-cause
annual costs were observed in HF patients with ID/A receiving
oral iron treatment (€14 130). The cost driver in all three
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matched cohorts was costs for inpatient care, accounting for
74.3% in HF patients with ID/A receiving no iron treatment,
71.3% in HF patients with ID/A receiving oral iron treatment,
and 51.7% in HF patients with ID/A receiving intravenous
iron treatment. The smaller share of costs for inpatient care
in the intravenous iron group was compensated by a share
of 33.9% of total costs for pharmaceuticals, which accounted
in contrast for 14.5% in HF patients with ID/A receiving
no iron treatment and for 16.2% in HF patients with ID/A re-
ceiving oral iron treatment. Deceased HF patients had 1.3,

1.3, and 1.4 times higher annual mean total health care
costs (Table 5).

Brief summary of main results

This study estimated the current prevalence of HF in
Germany to be 4537.4 per 100 000 with a share of 11.1% also
suffering from ID/A. HF was shown to be a disease of the

Figure 3 Kaplan–Meier curves for HF patients with untreated ID/A and for HF patients with ID/A starting oral iron treatment—overall and stratified by
NYHA functional class. HF, heart failure; ID/A, iron deficiency anaemia; NYHA, New York Heart Association.
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elderly (mean age 77.0 ± 12.0 years). Most HF patients with
ID/A did not receive iron treatment (56.1%).

Heart failure patients with untreated incident ID/A suffered
from a significantly higher all-cause mortality thanmatched HF
patients without ID/A (33.1% vs. 24.1%, McNemar test
P < 0.01), independently of NYHA functional class. The incre-
mental health care costs of untreated incident ID/A were esti-
mated at €849 with inpatient care being the cost driver.

The comparison of treatment options for ID/A revealed the
highest all-cause mortality for HF patients with untreated

ID/A (23.6%), whereas patients receiving intravenous iron
treatment had the lowest all-cause mortality of 18.5%
(McNemar test P = 0.07). A significant survival benefit was
shown for the NYHA functional classes II (log-rank test
P = 0.01) and III (log-rank test P = 0.01) as well as for
the pooled NYHA functional classes I–IV (log-rank test
P < 0.01). For oral iron treatment, a significant survival ben-
efit compared with no iron treatment was only shown for
NYHA functional class III (log-rank test P = 0.02). Total annual
health care costs ranged from €14 130 for HF patients with

Figure 4 Kaplan–Meier curves for HF patients with untreated ID/A and for HF patients with ID/A starting intravenous iron treatment—overall and
stratified by NYHA functional class. HF, heart failure; ID/A, iron deficiency anaemia; NYHA, New York Heart Association.
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ID/A receiving oral iron treatment to €15 144 for HF patients
with ID/A receiving no iron treatment. The costs for inpatient
care were the cost driver in all three cohorts.

Discussion

General results for prevalence and demographics

This study provides current data on the prevalence of HF
in Germany (4537.4 per 100 000 individuals). Compared
with DEGAM3 and Störk et al.4 (3956.3 per 100 000), our

study shows that the prevalence of HF has significantly
increased over the last years. It shows that about 11.1% of
all HF patients are diagnosed with ID/A and that more than
half of these HF patients (56.1%) receive no ID/A specific
treatment. The proportion of HF patients diagnosed with
ID/A is significantly lower than what is known from the liter-
ature with up to 50%. Moreover, the share of ID alone among
HF patients was 32.5% as reported by Klip et al. whereas in
our study, this proportion only reached 0.9%.11 This might
be related to the findings from Wienbergen et al.,23 who re-
ported that iron status is often not determined (37.8%)

Figure 5 Kaplan–Meier curves for HF patients with ID/A starting oral iron treatment and for HF patients with ID/A starting intravenous iron treatment
—overall and stratified by NYHA functional class. HF, heart failure; ID/A, iron deficiency anaemia; NYHA, New York Heart Association.
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despite of European Society of Cardiology (ESC) guideline
2016 recommendation.1

Comparison results for heart failure patients
without iron deficiency anaemia vs. heart failure
patients with untreated incident iron deficiency
anaemia

This study revealed that HF patients with untreated inci-
dent ID/A had a lower 1 year survival probability than HF
patients without ID/A, irrespective of NYHA class. Similar
implications are found in the literature that highlights the
need to diagnose and treat ID/A among HF patients.9,12,24

Anker et al.13 and Ponikowski et al.14 showed that treating
HF patients with ID/A with intravenous iron supplement
(ferric carboxymaltose) improves symptoms, functional ca-
pacity, and quality of life. For patients with systolic HF
and ID receiving intravenous iron supplement treatment
also a reduction of recurrent CV and HF-related hospitaliza-
tions and all-cause and CV mortality was reported.15 From
a cost perspective, the cost driver for the treatment of
HF with and without ID/A is the inpatient costs. This was
also shown by a review of Lesyuk et al. who identified 16
cost-of-illness studies from Germany, Greece, Ireland, Italy,
Nigeria, Poland, South Korea, Spain, Sweden, and the
USA. Most of the included studies found hospital admission
to be the most expensive part of the total costs for HF pa-
tients. Total annual costs per HF patient were estimated
lowest for South Korea with $868 and highest for
Germany with $25 532.25 Out of the 16 studies, two
studies reported annual costs for Germany. Zugck et al. re-
ported annual costs ranging from €11 794 to €16 303 for
2002 that is similar to our findings of €16 498 for HF
patients without ID/A and €17 347 for HF patients with un-
treated incident ID/A.26 Neumann et al. reported direct
medical costs of €2879 for all HF patients in Germany in
2006.27 These costs are not comparable with our results
as they refer to medical costs directly linked to HF treat-
ment whereas our cost estimates include all health care ex-
penditures of HF patients, as the focus of our study was to
investigate the impact of ID/A in HF.

Comparison results for heart failure patients with
iron deficiency anaemia and no evidence of iron
treatment to heart failure patients with iron
deficiency anaemia and oral iron treatment and
to heart failure patients with iron deficiency
anaemia and intravenous iron treatment

Heart failure patients with ID/A and no iron medication have
the highest mortality rate in all study cohorts. HF patients
with ID/A are mainly treated by a primary care physician
and see a cardiologist on irregularly basis.

Recent studies have shown that treatment with intrave-
nous iron can improve the functional capacity, symptoms,
and quality of life in patients with HF and ID.13,14,28,29 The
use of oral iron failed to improve exercise capacity as was
shown by Lewis et al.30

This study revealed that HF patients with untreated inci-
dent ID/A had a lower 1 year survival probability than HF pa-
tients without ID/A, irrespective of NYHA class. Additionally,
the study showed that iron treatment is associated with an
improved survival probability. This trend was particularly
evident in HF patients with ID/A starting intravenous iron
treatment. They had a significantly higher 1 year survival
probability than untreated patients in most NYHA classes. In-
travenous iron treatment was also associated with survival
advantages when compared with oral iron treatment, espe-
cially among NYHA class II patients.

Internal validity and risk of bias

Between 45% and 61% of the HF patients in this study were
classified as NYHA functional class N/A, meaning that they
had no NYHA functional class specific ICD-10-GM code in
the index quarter, but an ICD-10-GM diagnosis of I50, I50.0,
I50.00, I50.01, I50.1, I50.19, and I50.9. An alternative algo-
rithm or a more NYHA functional class specific coding practice
might provide the opportunity to group these patients also
into the four NYHA functional classes and thereby would en-
hance the statistical power of the results. Otherwise, it could
also influence the results in the opposite direction.

Table 5 Annual mean health care costs per cost domain and in total—1:1:1 matched comparison

HF patients with ID/A receiving
no iron treatment

HF patients with ID/A receiving
oral iron treatment

HF patients with ID/A receiving
intravenous iron treatment

Cost domain/group All patients Survivor Deceased All patients Survivor Deceased All patients Survivor Deceased

Inpatient care €11 249 €9734 €16 160 €10 078 €8724 €14 758 €7806 €6686 €12 753
Outpatient care €1149 €1253 €811 €1178 €1278 €830 €1558 €1636 €1214
Pharmaceuticals €2193 €2485 €1247 €2288 €2564 €1334 €5114 €5242 €4548
Devices and aids €511 €562 €346 €561 €607 €400 €553 €538 €617
Sick leave payments €42 €55 €0 €25 €32 €0 €54 €67 €0
Total €15 144 €14 089 €18 564 €14 130 €13 206 €17 321 €15 085 €14 169 €19 131

HF, heart failure; ID/A, iron deficiency/iron deficiency anaemia.
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German claims data contain no direct information about
the reason of death. The present study therefore analysed
the overall mortality of HF patients. Nevertheless, the data
source provides sufficient information to analyse the overall
mortality and the time to death as German claims data con-
tain information on the status of an individual whether it is
alive or dead and the corresponding insurance time. More-
over, the information recorded in the inpatient setting con-
tains a reason for discharge from hospital that could be
death and in combination with the end date of the inpatient
stay provides the exact date of death. However, more disease
specific information would be desirable to analyse disease
specific mortality rates.

Strengths and weaknesses

This study has some weaknesses. First, German claims data
contain no clinical information that is not necessary for the
reimbursement purpose of the data collection. Therefore,
the study had to rely on the information that is coded in
the utilized coding systems namely the ICD-10-GM catalog.
The ICD-10-GM catalog provides information about the NYHA
functional classes I to IV but contains also non-NYHA func-
tional class specific codes. In cases where only these codes
were recorded, no further clinical information was available
to classify these HF patients into one of the NYHA functional
groups.

Furthermore, the data source contains no information on
the intention of the treating physicians. For a proportion of
the 56.1% HF patients with ID/A, who received no iron treat-
ment, the decision of not treating these patients with iron
medication might have been an active and reasonable deci-
sion of the treating physician. Laboratory data to verify this
assumption are not available in German claims data, but the
degree of ID/A is supposed to have an impact on the treat-
ment decision of the attending physician.

This study has some major strengths. First, the utilized
data source allows to generalize the results of this study
to a major part of the German population as approximately
85% of the German population are covered by the SHI. In
contrast to registries and clinical trials where a selected
population is investigated, this analysis might not be
affected by a selection bias. Second, participants of the
German SHI system benefit on nearly full coverage of all
health care services. Only little copayments exist in the
German SHI and these are furthermore limited to 2% of
the annual income of the insured individuals (1% for chron-
ically ill individuals) §62 SGB V. German claims data there-
fore provide not only the full picture of costs from the
payer’s perspective but also nearly the full picture of all
direct health care costs and the corresponding health
care utilization.

Generalizability

The InGef research database is based on claims data from the
SHI system but is adjusted to the German overall population
in terms of age and sex. This fact limits the generalizability of
the result for the overall SHI population as the proportion of
women is higher in this population than in the overall Ger-
man population due to the fact that proportionately, more
men choose a private health insurance in Germany. On the
other hand, the generalizability of the results to the German
population might be biased due to the fact that individuals
with an annual income above a defined threshold (so called
‘Jahresarbeitsentgeltgrenze’) could choose a private health
insurance instead of the SHI. These individuals tend to be
healthier than the individuals that have to be insured by
the SHI.31 Moreover, the prevalence of CV disease, for exam-
ple, HF, shows regional differences among the federal states
in Germany. The adjusted age and sex distribution of the
InGef research database does not account for these regional
differences.5

Limitations

In general, claims data analyses are subject to limitations, as
they are primarily collected for accounting purposes, and
therefore, clinical parameters are not covered. Furthermore,
diagnoses in the outpatient setting are only recorded on a
quarterly basis, which leads to an overestimation of HF-related
outpatient visits in this analysis as all visits within a quarter
were considered as HF related if an HF diagnosis was recorded
in that quarter. Another limitation of the study is due to the
fact, that ‘over-the-counter’ (OTC) medication is not recorded
in the database. The group of HF patients with ID/A and no
iron treatment might be overestimated if patients buy OTC
iron treatment on their own. From an analytical standpoint,
our analysis therefore shows conservative results for this pa-
tient group as some of these patients might benefit from
OTC iron treatment that was not captured in the comparison.

Conclusions

Heart failure is associated with a major burden for patients
and the health care system in terms of health care resource
utilization, costs, and mortality. ID/A is an independent pre-
dictor of unfavourable outcome, and a cost driver in HF pa-
tients and HF patients with ID/A has higher all-cause
mortality and causes higher health care utilization and costs.
Compared with previous findings,9,32 this claims database
analysis suggests that ID/A is underdiagnosed in the German
setting, which was also suggested elsewhere.23,33 Especially
ID alone is almost non-existent according to our findings.
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The present study revealed that HF patients with ID/A are, on
average, older and sicker in terms of NYHA classification, with
a higher proportion of women than HF patients without ID/A.
These findings are in line with evidence obtained in other ob-
servational studies.9,12 In addition, the data suggest that ID/A
in HF patients is undertreated and that intravenous iron is a
rarely chosen treatment option in the German setting,
despite clinical guidelines suggesting this treatment.1 The
total health care costs of HF patients increase with the pres-
ence of ID/A. HF patients with ID/A receiving pharmaceutical
treatment with iron medication present with lower inpatient
costs compared with HF patients with untreated ID/A. The
additional costs for iron medication are still compensated
by lower costs for inpatient care.

Our findings suggest that there is an unmet need for
treating more HF patients with ID/A with iron medication,
resulting in costs savings for the SHI and reduced mortality
for the affected HF patients. However, more research is
needed to evaluate long-time effects and to further investi-
gate the cohort of undefined NYHA functional class.
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