
Kambara et al. BMC Research Notes           (2024) 17:60  
https://doi.org/10.1186/s13104-024-06726-7

RESEARCH NOTE Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Research Notes

Impact of HIF prolyl hydroxylase inhibitors 
in heart failure patients with renal anemia
Takahiro Kambara1*, Rei Shibata2*, Yuusuke Sakamoto1, Teruhiro Sakaguchi1, Hiroyuki Osanai1, 
Yoshihito Nakashima1, Hiroshi Asano1, Toyoaki Murohara3 and Masayoshi Ajioka1 

Abstract 

Objective Hypoxia-inducible factor prolyl hydroxylase (HIF-PH) inhibitors are a new class of anti-anemia agents. We 
retrospectively evaluated the safety and efficacy of HIF-PH inhibitors in patients with heart failure (HF) complicated 
by anemia associated with chronic kidney disase. HIF-PH inhibitor treatment was initiated in 32 patients with chronic 
HF complicated by renal anemia and were followed up for 3 months.

Results Hematocrit and hemoglobin levels markedly improved 3 months after HIF-PH inhibitor treatment. However, 
levels of NT-proBNP, which is an indicator of HF, did not decrease considerably. Based on the rate of change in NT-
proBNP, we divided the patients into “responder” and “non-responder” groups. The results showed that considerably 
more patients had a ferritin level of less than 100 ng/mL in the non-responder group at baseline. There were sub-
stantially more patients with TSAT of less than 20% in the non-responder group at 1 month after HIF-PH inhibitor 
treatment. The cut-off values to maximize the predictive power of ferritin level at baseline and TSAT value at 1 month 
after treatment were 41.8 ng/ml and 20.75. HIF-PH inhibitor treatment can be expected to be effective for improving 
both anemia and HF if ferritin≥41.8 ng/ml at baseline or TSAT≥20.75 at 1 month after treatment.
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Introduction
Anemia causes organ ischemia to impair cardiac and 
renal functions. In fact, approximately 60% of patients 
with heart failure have comorbid anemia, and the 
prognosis of heart failure complicated by anemia is 
known to be poor [1]. CKD affects anemia as the kidney 

produces erythropoietin (EPO), which is a signaling 
molecule that stimulates erythropoiesis. Patients with 
anemia increase as CKD progresses and those with 
severe comorbid anemia are known to have a poor 
prognosis. Approximately 50% of patients with heart 
failure have comorbid CKD, and the prognosis of heart 
failure complicated by CKD is poor [2]. Silverberg 
et  al. proposed cardiorenal anemia syndrome, which is 
defined as a vicious cycle consisting of such interaction 
between heart failure and CKD, as well as the pathology 
of anemia [3]. In patients with heart failure, the incidence 
of cardiorenal anemia syndrome is 25%. Moreover, 
cardiorenal anemia syndrome is associated with a higher 
mortality rate [4]. For prevention of the onset and 
progression of heart failure, it is extremely important to 
break the vicious cycle of cardiorenal anemia syndrome 
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at some point. One of methods to achieve this appears to 
be the treatment of anemia.

In the "RED-HF trial,” which investigated the 
effects of an erythropoiesis-stimulating agent (ESA) 
in patients with heart failure complicated by anemia, 
ESA treatment was not effective for preventing 
events including cardiovascular death. Instead, the 
use of ESAs significantly increased the incidence of 
thromboembolism[5]. In contrast, in the CONFIRM-HF 
trial, which examined the effects of intravenous iron 
administration in patients with heart failure complicated 
by anemia, the hospitalization rate improved 
considerably [6]. However, to date there have been no 
reports of favorable effects of oral iron administration 
to patients with heart failure. Based on these results, 
the 2021 European Society of Cardiology guidelines 
recommend screening of patients with chronic heart 
failure for anemia and iron deficiency [7]. The guidelines 
also clearly state that intravenous iron administration 
should be considered to reduce the risk of hospitalization 
for heart failure in patients with a ferritin level of less 
than 100 ng/mL or patients with a ferritin level of 100–
300 ng/mL and transferrin saturation (TSAT) of less than 
20%. As described above, it is imperative to ascertain 
the severity of anemia and iron deficiency for planning 
treatment of heart failure.

Hypoxia-inducible factor prolyl hydroxylase (HIF-PH) 
inhibitors are a new class of anti-anemia agents that 
inhibit PH activity to stabilize HIF-α and promote the 
production of endogenous EPO, thereby enhancing the 
production of hemoglobin (Hb) and erythrocytes [8]. The 
randomized control study shows that HIF-PH inhibitor is 
noninferior to ESAs with respect to cardiovascular safety 
and correction and maintenance of Hb concentrations [9, 
10]. However, there is no assessment of HIF-PH inhibitor 
safety and efficacy for heart failure patients. HIF-α 
is known to promote the production of endogenous 
EPO while also having various pleiotropic effects [11]. 
Particularly in the cardiovascular system, HIF-α is 
involved in vasomotor regulation through the production 
of nitric oxide and atrial natriuretic peptide. It promotes 
angiogenesis mediated by increased expression of 
vascular endothelial growth factor, and has other effects. 
Thus, HIF-α is expected to be effective for cardiovascular 
protection. In this study, we retrospectively evaluated the 
safety and efficacy of HIF-PH inhibitors in patients with 
heart failure complicated by renal anemia.

Main text
Methods
An expanded Method section can be found in Additional 
file 3: Methods.

Study population
We assessed 32 patients with anemia associated with 
CKD who suffered from heart failure. All participants 
had a history of treatment for symptomatic heart 
failure. They were administered oral HIF-PH inhibitors 
attending the Department of Cardiology in Tosei 
General Hospital from 2020 to 2021. All patients 
were Japanese. We excluded super-elderly individuals 
aged > 90 years, patients undergoing hemodialysis, and 
those with malignancies.

Anemia associated with CKD and iron deficiency 
was defined by the criteria of the JSDT Guideline for 
Renal Anemia in CKD [12]. Patients who had already 
met these criteria and used ESAs before the start of 
HIF-PH inhibitor treatment were also determined 
to have anemia associated with CKD. ESAs were 
switched to HIF-PH inhibitors only in patients with 
Hb level < 11  mg/dL and those with Hb level ≥ 11  mg/
dL who requested switching from injections to oral 
medications. Patients who had been taking oral iron 
preparations before the start of HIF-PH inhibitor 
treatment continued taking them without any 
modification. Only during the 3-month follow-up 
period in this study, treatment was continued without 
any changes in the doses of iron preparations even if 
iron dynamics fluctuated. For HIF-PH inhibitors, iron 
preparations, ESAs, and drugs for heart failure, we did 
not change the types or doses of the drugs during the 
3-month follow-up period.

Results
Patient characteristics
A total of 32 elderly patients with renal anemia who 
were administered oral HIF-PH inhibitors were 
enrolled in this study. Their baseline characteristics are 
shown in Table  1. Patients were 82.0 ± 6.3 years of age 
and 59.0% were male. All study subjects were patients 
with a history of treatment for symptomatic heart 
failure. A total of 76.9% of patients had hypertension, 
79.4% had dyslipidemia, 48.7% had diabetes. Moreover, 
43.6% of patients had coronary artery disease, 38.5% 
had a history of atrial fibrillations, and 53.8% had a 
history of stroke. All participants were non-dialysis-
dependent patients with CKD.

The usage of ESA, sodium ferrous citrate, angioten-
sin-converting enzyme inhibitors/angiotensin-receptor 
blockers, beta-blockers, calcium channel blockers, sta-
tin, SGLT2 inhibitors, tolvaptan, aldosterone blockers, 
angiotensin receptor-Neprilysin inhibitor and diuretics 
at baseline was 38.5%, 38.5%, 48.7%, 71.8%, 38.5%, 71.8%, 
28.2%, 60.0%, 38.5%, 23.1% and 74.8%, respectively. The 
rate of usage of antiplatelet drugs and anticoagulant 
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drugs was 38.5% and 51.3% (Additional file 2: Table S1). 
The orally administered HIF-PH inhibitors were roxadus-
tat, daprodustat and vadadustat, which were used in 59%, 
36% and 5% respectively.

During the 3-month follow-up period of this 
study, events such as death, cardiovascular death, or 
thrombosis were not observed in any of the patients.

Changes in hematologic status and NT‑proBNP
At baseline, the mean Hb level was 10.1 ± 1.4 g/dl, and 
it statically increased after 3 months to 11.6 ± 1.8 g/dl 
(p < 0.01). At baseline, the mean hematocrit (Hct) level 
was 31.2 ± 4.5%. After 3 months of HIF-PHD inhibi-
tor treatment, Hct statically increased to 36.0 ± 4.5% 
(p < 0.01) (Fig.  1A, B). The mean MCV and MCH levels 
were not statically changed during follow-up periods 
(94.9 ± 7.9 fl /30.3 ± 2.7 pg at baseline, and 96.7 ± 6.9 fl 
/31.2 ± 2.3 pg after 3 months, p = 0.24/0.06).

In addition, we assessed NT-proBNP levels, which 
is an indicator of heart failure. The NT-proBNP level 
was 1738 ± 304 pg/ml at baseline. After 3 months, 

NT-proBNP was not statically changed (1640 ± 306 pg/
ml, p = 0.23) (Fig. 1C).

Patient characteristics according to the changes 
in NT‑proBNP
Next, we divided the patients into those who responded 
to treatment of heart failure with HIF-PH inhibitors and 
those who did not to evaluate various parameters. We 
subtracted the baseline NT-proBNP from NT-proBNP 
level obtained after 3 months and defined the value 
divided by baseline NT-proBNP as %delta NT-proBNP 
to evaluate the patients in this study. The median %delta 
NT-proBNP in our study was 4.2%. Therefore, we divided 
the patients into two groups using the median %delta 
NT-proBNP of 4.2 as the cutoff value, which allowed us 
to group patients with an unchanged or improved state of 
heart failure separately from patients with a deteriorating 
state of heart failure for evaluation (responder group: 
%delta NT-proBNP < 4.2, non-responder group: %delta 
NT-proBNP ≥ 4.2).

Baseline clinical characteristics of each group are 
shown in Additional file  2: Table  S2. There were 16 
patients in the responder group and 16 patients in the 
non-responder group. No significant differences between 
the two groups were observed in terms of age, gender, 
BMI, Hb, Hct, TSAT, ferritin, BP, EF, NT-proBNP, 
renal function, prevalence of disease, and concomitant 
medication.

Importance of ferritin level at baseline and TSAT values 
after 1 month of HIF‑PH inhibitor treatment
HIF-PH inhibitors are known to improve the efficiency of 
iron utilization [13]. TSAT of less than 20% and a ferritin 
level of less than 100 ng/mL were used to evaluate the 
absence or presence of iron utilization disorder/iron 
deficiency. Therefore, the numbers of patients with TSAT 
of less than 20% or a ferritin level of less than 100 ng/
mL after the start of HIF-PH inhibitor treatment were 
compared between the responder and non-responder 
groups.

Table  2 shows the numbers of patients with TSAT of 
less than 20% or a ferritin level of less than 100 ng/mL 
at baseline and 1 and 3 months after administration 
of HIF-PH inhibitors. Considerably more patients 
had a ferritin level of less than 100 ng/mL in the non-
responder group at baseline. At 1 month after the start 
of HIF-PH inhibitor treatment, there were considerably 
more patients with TSAT of less than 20% in the non-
responder group. At 3 months after treatment initiation, 
there was no difference in the percentage of patients with 
either TSAT of less than 20% or a ferritin level of less 
than 100 ng/ml between the two groups.

Table 1 Baseline characteristics (n=32)

Age (years) 82.0 ± 6.3

Male/Female 20/12

BMI (kg/cm2) 22.0 ± 3.3

Systolic Diastolic BP (mmHg) 122.6 ± 20.2

Diastolic BP (mmHg) 59.5 ± 11.2

EF (%)

HFrEF -no.(%) 5 (16)

HFmrEF -no.(%) 4 (13)

HFpEF -no.(%) 23 (72)

Laboratory data

 Albumin (g/dl) 3.7 ± 0.5

 BUN (mg/dl) 31.6 ± 11.9

 Cre (mg/dl) 1.6 ± 0.6

 eGFR (mL/min/1.73m2) 32.6 ± 11.6

 Na (mEql/l) 138.7 ± 3.9

 K (mEql/l) 4.4 ± 0.5

 Cl (mEql/l) 103.7 ± 3.8

 RBC (× 104/mm3) 336.1 ± 59.1

 Hb (g/dl) 10.1 ± 1.4

 Hct (%) 31.2 ± 4.5

 MCV (fl) 94.9 ± 7.9

 Reticulo (× 104/μl) 4.7 ± 1.4

 Plt (× 104/mm3) 17.7 ± 7.3

 Fe (μg/dl) 67.3 ± 24.3

 TSAT (%) 24.2 ± 10.0

 Ferritin (ng/ml) 149.8 ± 158.5

 CRP 0.9 ± 2.5

 NT-proBNP (pg/ml) 1177 (642–1840)
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Furthermore, we performed ROC analysis to determine 
the cut-off point of ferritin level at baseline and TSAT at 
1 month after treatment to maximize its predictive value 
for the non-responder group. The cut-off values and area 
under the curve of ferritin level at baseline were 41.8 
ng/ml and 0.821 (95% confidence interval: 0.62–1.00, 
P < 0.01) (sensitivity 1.0 and specificity 0.6) and of TSAT 
at 1 month after treatment were 20.75 and 0.813 (95% 
confidence interval: 0.57–1.00, P = 0.04) (sensitivity 1.0 
and specificity 0.625), respectively (Additional file 1: Fig. 
S1 and S2).

Discussion
This study examined whether HIF-PH inhibitors were 
effective in patients with anemia associated with CKD 
who suffered from heart failure. The administration 
of HIF-PH inhibitors resulted in substantial increases 
in Hb and Hct levels after 3 months. In addition, no 
adverse events including thrombosis were observed 
during the follow-up period. Thus, the inhibitors were 
demonstrated to be relatively safe agents that could 
improve anemia.

Past large-scale clinical trials have shown that the use 
of ESAs to normalize Hb levels does not improve the 
prognosis of cardiovascular events or heart failure [5, 
14]. Moreover, the PRO2TECT trial showed that HIF-
PH inhibitors did not improve the prognosis of car-
diovascular diseases [15]. Our results were based on 
short observations, and being consistent with previous 
results, showed that HIF-PH inhibitors did not mark-
edly improve levels of NT-proBNP, which is an indica-
tor of heart failure.

The HIF signal activated by HIF-PH inhibitors 
promotes iron absorption in the gastrointestinal tract 
and affects the hepcidin-ferroportin axis, thereby 
promoting the utilization of stored iron[16]. In 
other words, HIF-PH inhibitors are agents that are 
expected to improve iron utilization disorder. This 
study demonstrated that ferritin level at baseline and 
TSAT at 1 month after the start of HIF-PH inhibitor 
treatment might affect improvement of heart failure. 
The cut-off ferritin level at baseline and TSAT value at 
1 month after the start of HIF-PH inhibitor treatment 
estimated by the ROC curve were 41.8 ng/ml and 
20.75%, respectively. This revealed that improvement 
in NT-proBNP levels could be expected in patients 
with ferritin≧41.8 ng/ml at baseline or TSAT≧20.75 at 
1 month after the start of HIF-PH inhibitor treatment. 
Based on the above, improving iron utilization 
disorder is important for improving the prognosis 
of heart failure, and the effect of HIF-PH inhibitors 
for improving TSAT may contribute to the improved 
prognosis of heart failure.

Conclusion
We evaluated the safety and efficacy of HIF-PH 
inhibitors in non-dialysis patients with CKD and heart 
failure complicated by anemia. We confirmed that 
HIF-PH inhibitors are safe agents that could improve 

Fig. 1 Changes in Hb (A), Hct (B), and NT-proBNP (C) levels during a 3-month follow-up. Data are presented as means ± SD. Hb hemoglobin, Hct 
hematocrit

Table 2 Correlation between changes in NT-proBNP and iron 
dynamics

p-value: Bold indicate significant

Responder Non‑
Responder

OR (95% CI) p‑value

Baseline

 TSAT < 20 2 5 0.27 (0.04–1.73) 0.21

 Ferritin < 100 4 8 0.14 (0.02–0.93) 0.04
1 month later

 TSAT < 20 0 5 0.09 (0.01–0.91) 0.03
 Ferritin < 100 3 6 0.10 (0.01–1.29) 0.08

3 months later

 TSAT < 20 1 5 0.15 (0.02–1.53) 0.17

 Ferritin < 100 7 9 0.56 (0.12–2.53) 0.70
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anemia. In addition, it was suggested that HIF-PH 
inhibitor treatment can be effective for improving not 
only anemia but also heart failure if ferritin≧41.8 ng/ml 
at baseline or TSAT≧20.75 at 1 month after treatment 
initiation.

Limitations
This is a retrospective study conducted at a single 
center, and not a randomized trial; moreover, the 
sample size of this study is small, and an extremely large 
number of confounding factors can affect the changes 
in NT-proBNP levels. We divided the patients into two 
groups using the median %delta NT-proBNP of 4.2 as the 
cutoff value. Although a 4.2% change is relevant for the 
comparison groups, it may not be clinically significant. 
In addition, the effects of combined treatment with 
ESA and HIF-PH inhibitors were not examined. Finally, 
we examined data obtained during an extremely short 
follow-up period of 3  months. Therefore, long-term 
studies with a larger sample size have to be conducted 
to verify the safety and efficacy of HIF-PH inhibitors in 
patients with heart failure complicated by renal anemia.

Abbreviations
BNP  Brain natriuretic peptide
EPO  Erythropoietin
Hb  Hemoglobin
HF  Heart failure
HIF-PH  Hypoxia-inducible factor prolyl hydroxylase
Hct  Hematocrit
RDW  Red blood cell distribution width
TSAT  Transferrin saturation

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13104- 024- 06726-7.

Additional file 1. Receiver operating characteristic curve for (Figure S1) 
ferritin level at baseline and (Figure S2) TSAT value at 1 month after the 
start of HIF-PH inhibitor treatment.

Additional file 2: Table S1. Comorbidities and Medication (n=32). 
Table S2. Patient characteristics according to changes in NT-proBNP.

Additional file 3. Additional methods.

Acknowledgements
None.

Author contributions
TK, RS, TM and MA designed and carried out the studies. TK, TS, YS, YN, HO, HA 
and MA analyzed the data. RS wrote the paper.

Funding
No funding.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The requirement of informed consent was waived based on the Japanese 
Ministry of Health, Labour and Welfare guidelines (Ethical Guidelines for 
Medical and Biological Research Involving Human Subjects: Section 8). In 
regard to the use of their data, patients could opt out of the study via the 
hospital website. The study was approved by the Ethics Committee of Tosei 
General Hospital (No.1002, Aichi, Japan). All study procedures complied with 
the Declaration of Helsinki.

Consent for publication
The authors affirm that participants provided written informed consent for the 
study’s publication.

Competing interests
R.S. has received lecture fees from Boehringer Ingelheim, Eli Lilly, Mitsubishi 
Tanabe Pharma, Novartis and Astrazeneca. R.S. is also affiliated with a 
department endowed by Medtronic. Other authors do not have any 
competing interest.

Received: 31 July 2023   Accepted: 21 February 2024

References
 1. Hamaguchi S, Tsuchihashi-Makaya M, Kinugawa S, Yokota T, Takeshita A, 

Yokoshiki H, Tsutsui H, Investigators J-C. Anemia is an independent pre-
dictor of long-term adverse outcomes in patients hospitalized with heart 
failure in Japan. A report from the Japanese Cardiac Registry of Heart 
Failure in Cardiology (JCARE-CARD). Circ J. 2009;73(10):1901–8.

 2. Smith GL, Lichtman JH, Bracken MB, Shlipak MG, Phillips CO, DiCapua P, 
Krumholz HM. Renal impairment and outcomes in heart failure: system-
atic review and meta-analysis. J Am Coll Cardiol. 2006;47(10):1987–96.

 3. Silverberg D, Wexler D, Blum M, Wollman Y, Iaina A. The cardio-renal 
anaemia syndrome: does it exist? Nephrol Dial Transplant. 2003;18(Suppl 
8):viii7-12.

 4. Al-Jarallah M, Rajan R, Al-Zakwani I, Dashti R, Bulbanat B, Sulaiman K, 
Alsheikh-Ali AA, Panduranga P, AlHabib KF, Al Suwaidi J, et al. Incidence 
and impact of cardiorenal anaemia syndrome on all-cause mortality in 
acute heart failure patients stratified by left ventricular ejection fraction in 
the Middle East. ESC Heart Fail. 2019;6(1):103–10.

 5. Swedberg K, Young JB, Anand IS, Cheng S, Desai AS, Diaz R, Maggioni AP, 
McMurray JJ, O’Connor C, Pfeffer MA, et al. Treatment of anemia with dar-
bepoetin alfa in systolic heart failure. N Engl J Med. 2013;368(13):1210–9.

 6. Ponikowski P, van Veldhuisen DJ, Comin-Colet J, Ertl G, Komajda M, 
Mareev V, McDonagh T, Parkhomenko A, Tavazzi L, Levesque V, et al. 
Beneficial effects of long-term intravenous iron therapy with ferric 
carboxymaltose in patients with symptomatic heart failure and iron 
deficiencydagger. Eur Heart J. 2015;36(11):657–68.

 7. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M, 
Burri H, Butler J, Celutkiene J, Chioncel O, et al. 2021 ESC Guidelines for 
the diagnosis and treatment of acute and chronic heart failure. Eur Heart 
J. 2021;42(36):3599–726.

 8. Sugahara M, Tanaka T, Nangaku M. Prolyl hydroxylase domain inhibi-
tors as a novel therapeutic approach against anemia in chronic kidney 
disease. Kidney Int. 2017;92(2):306–12.

 9. Provenzano R, Szczech L, Leong R, Saikali KG, Zhong M, Lee TT, Little DJ, 
Houser MT, Frison L, Houghton J, et al. Efficacy and cardiovascular safety 
of roxadustat for treatment of anemia in patients with non-dialysis-
dependent CKD: pooled results of three randomized clinical trials. Clin J 
Am Soc Nephrol. 2021;16(8):1190–200.

 10. Singh AK, Carroll K, McMurray JJV, Solomon S, Jha V, Johansen KL, Lopes 
RD, Macdougall IC, Obrador GT, Waikar SS, et al. Daprodustat for the 
treatment of anemia in patients not undergoing dialysis. N Engl J Med. 
2021;385(25):2313–24.

 11. Schofield CJ, Ratcliffe PJ. Oxygen sensing by HIF hydroxylases. Nat Rev 
Mol Cell Biol. 2004;5(5):343–54.

https://doi.org/10.1186/s13104-024-06726-7
https://doi.org/10.1186/s13104-024-06726-7


Page 6 of 6Kambara et al. BMC Research Notes           (2024) 17:60 

 12. Tsubakihara Y, Nishi S, Akiba T, Hirakata H, Iseki K, Kubota M, Kuriyama 
S, Komatsu Y, Suzuki M, Nakai S, et al. 2008 Japanese Society for Dialysis 
Therapy: guidelines for renal anemia in chronic kidney disease. Ther 
Apher Dial. 2010;14(3):240–75.

 13. Haase VH. HIF-prolyl hydroxylases as therapeutic targets in erythropoiesis 
and iron metabolism. Hemodial Int. 2017;21(Suppl 1):S110–24.

 14. Pfeffer MA, Burdmann EA, Chen CY, Cooper ME, de Zeeuw D, Eckardt KU, 
Feyzi JM, Ivanovich P, Kewalramani R, Levey AS, et al. A trial of darbepo-
etin alfa in type 2 diabetes and chronic kidney disease. N Engl J Med. 
2009;361(21):2019–32.

 15. Chertow GM, Eckardt KU. Vadadustat for anemia in patients with dialysis-
dependent or non-dialysis-dependent chronic kidney disease. Reply N 
Engl J Med. 2021;385(16): e56.

 16. Wojtaszek E, Glogowski T, Malyszko J. Iron and chronic kidney disease: still 
a challenge. Front Med (Lausanne). 2020;7: 565135.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Impact of HIF prolyl hydroxylase inhibitors in heart failure patients with renal anemia
	Abstract 
	Objective 
	Results 

	Introduction
	Main text
	Methods
	Study population

	Results
	Patient characteristics
	Changes in hematologic status and NT-proBNP
	Patient characteristics according to the changes in NT-proBNP
	Importance of ferritin level at baseline and TSAT values after 1 month of HIF-PH inhibitor treatment

	Discussion
	Conclusion
	Limitations
	Acknowledgements
	References


