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ABSTRACT 

Background. Anaemia is a common comorbidity in patients with chronic kidney disease ( CKD) and heart failure ( HF) . 
Roxadustat has been approved for the treatment of anaemia in patients with CKD. However, its efficacy and safety in 

treating anaemia in patients with both CKD and HF remain unclear. We conducted a retrospective study with propensity 
score matching ( PSM) to evaluate the efficacy and safety of roxadustat in this population. 
Methods. This retrospective study enrolled patients diagnosed with HF comorbid with CKD and anaemia. The patients 
were divided into two groups: a roxadustat group and a control group. One-to-one PSM was used to balance baseline 
characteristics between the groups. The primary endpoint was the change in haemoglobin ( Hb) at week 8. Secondary 
endpoints included Hb response, changes in haematocrit, iron parameters, echocardiographic parameters, B-type 
natriuretic peptides and lipid levels. Exploratory endpoints were mortality and rehospitalization rates over 
30 days–2 years. Safety endpoints included the incidence of hyperkalaemia, liver damage and thrombotic events. 
Results. A total of 1055 patients were screened. After PSM, 206 patients were included. Baseline characteristics were 
comparable between the matched cohorts. At week 8, the roxadustat group experienced a greater increase in Hb than 

the control group, with a difference of 0.8 g/dl ( 95% confidence interval 0.3–1.3; P = .003) . The roxadustat group also 
demonstrated a higher Hb response ( 60.2% versus 28.2%; P < .001) and a greater increase in haematocrit ( 4.7 ± 0.9% 

versus 2.8 ± 0.6%; P = .008) than the control group. No significant differences were observed for other secondary 
endpoints. Thrombotic events were similar between the two groups and there were no differences in the risks of 
mortality or rehospitalization. 
Conclusions. Roxadustat was effective in correcting and maintaining Hb levels in patients with anaemia, HF and CKD. It 
did not increase thrombotic and other adverse events, mortality or rehospitalization risks, making it a promising 
treatment option for anaemia in this population. 
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GRAPHICAL ABSTRACT 

Keywords: anaemia, chronic kidney disease, heart failure, roxadustat 

KEY LEARNING POINTS 

What was known: 

• Anaemia is a common comorbidity in patients with chronic kidney disease ( CKD) and heart failure ( HF) .
• Roxadustat has been approved for anaemia in patients with CKD. However, its efficacy and safety for anaemia with both 

CKD and HF remain unclear.

This study adds: 

• Roxadustat was effective in correcting and maintaining haemoglobin levels in patients with anaemia, HF and CKD.
• Roxadustat did not increase thrombotic and other adverse events, mortality or rehospitalization risks in patients with 

anaemia, HF and CKD.

Potential impact: 

• Roxadustat is a promising treatment option for anaemia in patients with both HF and CKD.
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NTRODUCTION 

he incidence of heart failure ( HF) has increased rapidly in re- 
ent decades, presenting a complex clinical syndrome charac- 
erized by a high comorbidity burden and multi-organ systemic 
athophysiology. Chronic kidney disease ( CKD) is one of the 
ost prevalent comorbidities, affecting up to 50% of patients 
ith HF. CKD is often considered an adverse factor, contribut- 

ng to the challenges in effective drug implementation, despite 
umerous treatment attempts for HF. These two conditions—HF 
nd CKD—exert synergistic effects, with the presence of one ac- 
elerating the progression of the other. Consequently, there is a 
ressing need for novel therapeutic approaches that can miti- 
ate both cardiovascular and renal risks in this population. 

Anaemia frequently complicates the clinical course of both 
F and CKD. Together, these three conditions—HF, CKD and 
naemia—exacerbate one another, forming what has been 
ermed a ‘vicious cycle of deterioration’. This cycle leads to 
oor outcomes, including rapid progression to end-stage renal 
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isease and worsening chronic HF [1 –4 ]. Accordingly, correcting
naemia may improve outcomes in patients with both HF and
KD. Previous studies have demonstrated that erythropoiesis- 
timulating agents ( ESAs) are effective in treating anaemia in 
atients with CKD. However, ESAs have not been shown to im-
rove HF outcomes and are associated with an increased risk of
troke [5 , 6 ]. 

Roxadustat, a hypoxia-inducible factor ( HIF) prolyl hydrox- 
lase inhibitor, has recently been shown to effectively treat 
naemia in patients with CKD [7 , 8 ]. The drug works by reversibly
inding to and inhibiting HIF prolyl hydroxylase, an enzyme re-
ponsible for the degradation of HIF transcription factors under 
ormal oxygen conditions. By inhibiting these enzymes, roxadu- 
tat reduces HIF breakdown and promotes HIF activity, leading to
ncreased endogenous erythropoietin production and enhanced 
rythropoiesis. In addition, it also reduces the expression of the
eptide hormone hepcidin, promoting iron absorption, transport 
nd mobilization, which improves iron availability and increases 
aemoglobin ( Hb) levels [9 –11 ]. 
Given these mechanisms, we hypothesized that roxadustat 

ay improve anaemia in patients with both HF and CKD, po-
entially benefiting HF outcomes. However, limited research has 
een conducted in this specific area. Therefore, this retrospec- 
ive study aimed to evaluate the effects of roxadustat on Hb lev-
ls and adverse events to assess its efficacy and safety for treat-
ng anaemia in patients with HF and CKD. 

ATERIALS AND METHODS 

tudy design 

his retrospective cohort study enrolled patients admitted to the 
hina–Japan Friendship Hospital between 1 June 2019 and 27 
ebruary 2022, who were diagnosed with HF comorbid with CKD
nd anaemia. HF was diagnosed according to clinical practice 
uidelines [6 , 12 ], while CKD was identified based on the Kidney
isease: Improving Global Outcomes guidelines [13 ]. Anaemia 
as defined according to the World Health Organization stan- 
ards. Based on the post-enrolment treatment, patients were di- 
ided into two groups, a roxadustat group and a control group.
he patient selection process is illustrated in Fig. 1 . The study
rotocol was approved by the Ethics Committee of the China–
apan Friendship Hospital and adhered to the principles outlined 
n the Declaration of Helsinki. 

atient population 

dults diagnosed with HF, CKD and anaemia were eligible. The
nclusion criteria were as follows: patients ≥18 years of age,
iagnosed with HF. For HF with preserved ejection fraction 
 HFpEF) , patients were defined as having signs and symptoms 
f HF, a left ventricular ejection fraction ( LVEF) ≥50% and ob- 
ective evidence of cardiac structural and/or functional abnor- 
alities consistent with left ventricular ( LV) diastolic dysfunc- 

ion or elevated LV filling pressures. These abnormalities include 
chocardiography at rest with an left atrial volume > 34 ml/m2 

r > 40 ml/m2 in atrial fibrillation or early filling velocity on
ransmitral Doppler/early relaxation velocity on tissue Doppler 
 E/e′ ) > 9; or pulmonary artery systolic pressure > 35 mmHg; or
ricuspid regurgitation velocity > 2.8 m/s; or N-terminal pro- 
ormone of brain natriuretic peptide ( NT-proBNP) > 125 pg/ml 
n sinus rhythm; or > 365 pg/ml in atrial fibrillation; or BNP
 35 pg/ml in sinus rhythm; or > 105 pg/ml in atrial fibrillation.
or HF with reduced ejection fraction ( HFrEF) , the definition in- 
luded an LVEF ≤40%, while HF with mildly reduced ejection
raction ( HFmrEF) was defined as a LVEF of 41–49% with accom-
anying signs and symptoms of HF and NT-proBNP > 125 pg/ml
n sinus rhythm; or > 365 pg/ml in atrial fibrillation; or BNP
 35 pg/ml in sinus rhythm; or > 105 pg/ml in atrial fibrillation
6 , 12 ] and CKD stage 3–5 [estimated glomerular filtration rate
 eGFR) < 60 ml/min/1.73 m2 , with or without renal replacement
herapy] and anaemia ( defined as baseline Hb < 13 g/dl for men
nd < 12 g/dl for women and body weight of 45–160 kg. Exclu-
ion criteria were as follows: any clinically significant infec-
ion or evidence of an active underlying infection; acute coro-
ary syndrome, stroke, seizure or thromboembolic events ( such 
s deep vein thrombosis or pulmonary embolism) within the
ast 52 weeks; acute or chronic active bleeding within 6 months
rior to enrolment; other types of anaemia ( e.g. thalassemia,
ickle cell anaemia, pure red cell aplasia or haemolytic anaemia) ;
hronic liver disease; blood transfusion within the past 12 weeks
r anticipated need for transfusion; intravenous iron supple-
entation during the screening period and/or unwillingness to
ithhold intravenous iron; prior treatment with roxadustat or
ny HIF prolyl hydroxylase inhibitor; and lactation, breastfeed- 
ng or women preparing for pregnancy. 

reatment 

ialysis patients in the roxadustat group received a weight-
ased starting dose of 100 mg ( for patients weighing 40–59 kg) or
20 mg ( for patients weighing ≥60 kg) three times a week, while
on-dialysis patients in the roxadustat group received a weight-
ased starting dose of 70 mg ( for patients weighing 40–59 kg) or
00 mg ( for patients weighing ≥60 kg) three times a week. The
ontrol group received standard care, including oral iron supple-
ents, ESAs or dialysis. 

ata collection and follow-up 

his study collected clinical data from patients, including de-
ographic and clinical measurements in the medical records at
aseline and at 2, 4 and 8 weeks after treatment initiation. Ad-
erse reactions were also recorded. Mortality and rehospitaliza-
ion data were primarily obtained through telephone interviews.

tudy outcomes 

he primary endpoint was the mean change in Hb levels from
aseline to week 8 among all the patients. The key secondary
ndpoint included the Hb response. Other secondary endpoints
ere the mean changes from baseline to week 8 in iron pa-
ameters, BNP levels, lipid profiles and echocardiographic pa-
ameters. The exploratory endpoint was the effect of roxadus-
at on mortality and rehospitalization over a follow-up period
f 30 days–2 years. Safety endpoints included the incidence of
yperkalaemia, thrombotic events and liver damage. Detailed 
tudy outcomes are presented in Supplementary Table 1. 

tatistical analyses 

iven the non-randomized nature of the study, propensity score
atching ( PSM) was conducted to minimize selection bias. Using 
ropensity scores, the greedy match macro was used to match
he roxadustat group and control group patients in a 1:1 ra-
io. Confounding variables included in the model were age, sex,
lood pressure, Hb concentration, eGFR, low-density lipoprotein 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf061#supplementary-data
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Figure 1: Flow chart of a matched cohort of patients with HF comorbid with CKD and anaemia. The flow chart illustrates the patient screening process. Following 1:1 

PSM, there were 103 patients in each group. 
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 LDL) levels, LVEF and dialysis status. Detailed statistical meth- 
ds are presented in Table 1 . 
Continuous data were presented as mean ± standard devi- 

tion ( SD) or median [interquartile range ( IQR) ] and were com- 
ared using a two-sided Student’s t -test or Wilcoxon test as ap- 
ropriate. Categorical data were described as frequencies ( %) 
nd compared using the chi-squared test. All outcome analy- 
es were performed using matched data. For the primary end- 
oint, analysis of covariance ( ANCOVA) was used ( adjusted for 
aseline Hb) to calculate the mean change in Hb levels from 

aseline to week 8. For secondary endpoints, the proportion of 
atients achieving an Hb response and the use of ESAs were cal- 
ulated. Additionally, the mean changes from baseline to week 
 in haematocrit, iron parameters, BNP and lipid levels, as well 
s the mean changes in echocardiographic parameters during 
ollow-up, were assessed. ANCOVA was used for continuous 
ariables and the chi-squared test for categorical variables. For 
ortality and rehospitalization outcomes, patients were cen- 
ored at the first event. Kaplan–Meier analysis was used to cal- 
ulate survival and event rates, with hazard ratios ( HRs) and 95% 

onfidence intervals ( CIs) used to assess the risk of events in the 
oxadustat group compared with the control group. A two-sided 
 -value < .05 was considered statistically significant. Statistical 
nalyses were performed using SPSS for Mac version 25.0 ( IBM,
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Table 1: Baseline characteristics before and after propensity matching. 

Before propensity matching ( n = 327) After propensity-matching ( n = 206) 

Characteristics Control ( n = 201) Roxadustat ( n = 126) P -value Control ( n = 103) Roxadustat ( n = 103) P -value 

Demographics 
Age ( years) , mean ± SD 71.9 ± 14.6 64.4 ± 16.2 .000 69.4 ± 15.6 67.4 ± 14.8 .332 
Female, n ( %) 89 ( 44.3) 53 ( 42.1) .694 43 ( 41.7) 46 ( 44.7) .673 

Clinical measurements 
Systolic BP ( mmHg) , mean ± SD 141.3 ± 25.4 150.2 ± 22.7 .002 144.6 ± 22.3 146.8 ± 19.7 .483 
Diastolic BP ( mmHg) , mean ± SD 76.5 ± 14.6 81.9 ± 13.1 .002 78.3 ± 14.9 80.9 ± 12.5 .166 
Heart rate ( bpm) , mean ± SD 79.9 ± 16.3 80.3 ± 12.2 .791 78.4 ± 14.3 79.5 ± 10.8 .550 
Body mass index ( kg/m2 ) , mean ± SD 25.4 ± 5.7 26.8 ± 16.3 .385 25.2 ± 5.6 25.7 ± 4.9 .480 

HF phenotype, n ( %) 
HFpEF 182 ( 90.5) 113 ( 89.7) .849 93 ( 90.3) 92 ( 89.3) > .999 
HFrEF or HFmrEF 19 ( 9.5) 13 ( 10.3) .849 10 ( 9.7) 11 ( 10.7) > .999 

Comorbidities, n ( %) 
Coronary artery disease 68 ( 33.8) 32 ( 25.4) .107 29 ( 28.2) 26 ( 25.2) .637 
Hypertension 177 ( 88.1) 116 ( 92.1) .426 95 ( 92.2) 99 ( 96.1) .234 
Diabetes mellitus 113 ( 56.2) 70 ( 57.4) .734 63 ( 61.2) 56 ( 54.4) .340 
Cerebral infarction 53 ( 26.4) 25 ( 20.8) .352 31 ( 30.1) 22 ( 21.4) .151 
Thyroid dysfunction 27 ( 13.4) 13 ( 11.8) .568 12 ( 11.1) 11 ( 10.7) .825 
Dialysis 75 ( 37.3) 62 ( 49.2) .034 36 ( 35.0) 46 ( 44.7) .155 
Haemodialysis 66 ( 32.8) 55 ( 43.7) .049 34 ( 33.0) 43 ( 41.7) .179 
Smoking history 25 ( 12.4) 14 ( 11.8) .783 17 ( 16.5) 12 ( 11.7) .565 

Admission laboratory values 
Hb ( g/dl) , mean ± SD 9.5 ± 2.0 8.8 ± 1.7 .001 9.0 ± 1.9 8.9 ± 1.7 .612 
HCT ( %) , mean ± SD 27.9 ± 5.8 26.8 ± 7.4 .147 26.8 ± 5.4 26.9 ± 7.8 .969 
eGFR ( ml/min/1.73 m2 ) , mean ± SD 23.5 ± 20.6 11.7 ± 9.8 .000 15.4 ± 13.5 13.2 ± 9.3 .180 

< 15, n ( %) 83 ( 41.3) 89 ( 70.6) .000 63 ( 61.2) 74 ( 71.8) .104 
≥15, n ( %) 118 ( 58.7) 37 ( 29.4) 40 ( 38.8) 29 ( 28.2) 

Glucose ( mmol/l) , mean ± SD 7.1 ± 3.1 6.8 ± 3.0 .411 7.1 ± 3.1 6.7 ± 3.2 .299 
HbA1c ( %) ,mean ± SD 6.3 ± 1.5 6.1 ± 1.5 .939 6.0 ± 1.2 6.2 ± 1.4 .509 
Triglyceride ( mmol/l) , mean ± SD 1.3 ± 0.8 1.5 ± 2.0 .113 1.4 ± 0.7 1.5 ± 0.9 .266 
Total cholesterol ( mmol/l) , mean ± SD 3.8 ± 1.1 4.1 ± 1.8 .117 3.9 ± 1.2 4.1 ± 1.6 .339 
LDL-C ( mmol/l) , mean ± SD 2.3 ± 0.6 2.5 ± 1.1 .026 2.4 ± 0.7 2.5 ± 1.1 .114 
HDL-C ( mmol/l) , mean ± SD 1.0 ± 0.3 1.1 ± 0.4 .524 1.0 ± 0.3 1.1 ± 0.3 .241 
Potassium ( mmol/l) , mean ± SD 4.2 ± 0.5 4.3 ± 0.7 .067 4.4 ± 0.6 4.3 ± 0.6 .509 
Serum ferritin ( μg/l) , median ( IQR) 133.1 ( 56.0–260.9) 124.5 ( 56.1–290.6) .839 150.1 ( 70.5–250.2) 128.1 ( 63.4–282.9) .957 

≥300, n ( %) 23 ( 11.4) 23 ( 18.2) .914 14 ( 13.6) 17 ( 16.5) .873 
100–< 300, n ( %) 137 ( 68.2) 68 ( 54.0) 63 ( 61.2) 59 ( 57.3) 
< 100, n ( %) 41 ( 20.4) 35 ( 27.8) 26 ( 25.2) 27 ( 26.2) 

Ferritin > 100 and TAST > 20%, n ( %) 25 ( 21.2) 27 ( 21.4) .963 20 ( 19.4) 24 ( 23.3) .497 
TAST ( %) , mean ± SD 23.8 ± 15.6 21.5 ± 12.4 .308 22.2 ± 13.5 21.8 ± 12.5 .841 

> 20%, n ( %) 153 ( 76.1) 86 ( 68.2) .119 69 ( 67.0) 69 ( 67.0) > .999 
≤20%, n ( %) 48 ( 23.9) 40 ( 31.8) 34 ( 33.0) 34 ( 33.0) 

Medications at admission, n ( %) 
ACEI/ARB/ARNI 85 ( 42.3) 46 ( 36.5) .299 33 ( 32.0) 35 ( 34.0) .767 
Beta-blocker 138 ( 68.7) 89 ( 71.8) .847 71 ( 68.9) 69 ( 67.0) .765 
MRA 28 ( 13.9) 14 ( 11.8) .437 6 ( 5.8) 9 ( 8.7) .421 
Loop diuretic agent 116 ( 57.7) 83 ( 66.9) .181 62 ( 60.2) 71 ( 68.9) .190 
Nitrate 35 ( 17.4) 41 ( 32.5) .674 30 ( 29.1) 30 ( 29.1) > .999 
Statin 143 ( 71.1) 83 ( 65.9) .315 77 ( 74.8) 70 ( 68.0) .281 
ESA 55 ( 27.4) 41 ( 32.5) .317 26 ( 25.2) 35 ( 34.0) .170 
Oral iron 160 ( 79.6) 108 ( 85.7) 220 83 ( 80.6) 86 ( 83.3) .586 

BP: blood pressure; HCT: haematocrit; HbA1c: glycosylated haemoglobin; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; 

TSAT: transferrin saturation; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; ARNI: angiotensin receptor neprilysin inhibitor; MRA: 
mineralocorticoid receptor antagonist. 

A
c

R

P

A  

F  

J  

c  

m  

t  

l  

t  

e  

w  
rmonk, NY, USA) and R version 3.6.0 ( R Foundation for Statisti- 
al Computing, Vienna, Austria) . 

ESULTS 

atient characteristics 

 total of 1055 patients were admitted to the China–Japan
riendship Hospital with a diagnosis of HF and CKD from 1
une 2019 to 1 February 2022. Of these, 494 patients were ex-
luded due to missing values in demographic characteristics,
edical history or medication information. Another 125 pa-

ients without anaemia or echocardiography data, 98 patients
acking Hb information at the 8-week follow-up and 11 pa-
ients with a history of intravenous iron treatment were also
xcluded. Thus 327 patients were included in our cohort, of
hich 126 were in the roxadustat group and 201 in the control
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Figure 2: The primary and secondary endpoints. ( A) The mean ( SD) of Hb from baseline to week 8, with an increase of 1.4 ± 0.2 g/dl in the roxadustat group versus 
0.7 ± 0.2 g/dl in the control group. ( B) The mean ( SD) of HCT from baseline to week 8. The HCT in the roxadustat group was significantly higher than in the control 
group at week 8 ( 31.6 ± 6.0% versus 29.7 ± 4.5%) . HCT: haematocrit. 
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Table 2: Hb response. 

Definition 
Controls 
( n = 103) 

Roxadustat 
( n = 103) P -value 

Definition a , n ( %) 29 ( 28.2) 62 ( 60.2) < 0 .001 
Definition b , n ( %) 40 ( 38.8) 52 ( 50.5) 0 .093 
Definition c , n ( %) 36 ( 35.0) 48 ( 46.6) 0 .089 

a The percentage of patients with a mean Hb level of at least 10.0 g/dl at week 8. 
b The percentage of patients with a Hb increase from baseline ≥1.0 g/dl in the Hb 

level at week 8. 
c The percentage of patients with a Hb increase from baseline ≥1.0 g/dl ( if 
> 8.0 g/dl at baseline) or ≥2.0 g/dl ( if ≤8.0 g/dl at baseline) . 

g
2  

2

l
s
o
p
(

I
1
(
m
8
t
d
t

C
e
t
t
s

roup. Following 1:1 PSM, there were 103 patients in each group 
 Fig. 1 ) . 

Before matching, patients in the roxadustat group were 
ounger ( 64.4 ± 16.2 versus 71.9 ± 14.6 years; P < .001) 
nd had higher systolic blood pressure ( 150.2 ± 22.7 versus 
41.3 ± 25.4 mmHg; P = .002) , a higher proportion undergoing 
ialysis ( 49.2% versus 37.3%; P = .034) , lower Hb levels ( 8.8 ± 1.7 
ersus 9.5 ± 2.0 g/dl; P = .001) , lower eGFR ( 11.7 ± 9.8 versus 
3.5 ± 20.6 ml/min/1.73 m2 ; P < .001) and higher LDL choles- 
erol ( 2.5 ± 1.1 versus 2.3 ± 0.6 mmol/l; P = .026) than the control 
roup. After PSM, the baseline characteristics between the two 
roups were well balanced. The mean age was 68.4 years, with 
17 ( 56.8%) male patients. In the roxadustat and control groups,
6 ( 44.7%) versus 36 ( 35.0%) patients were on dialysis, 92 ( 89.3%) 
ersus 93 ( 90.3%) had HFpEF, 86 ( 83.3%) versus 83 ( 80.6%) received 
ral iron and 35 ( 34.0%) versus 26 ( 25.2%) were treated with ESAs,
espectively. Further details are provided in Table 1 . 

fficacy outcomes 

rimary endpoint 

uring the primary analysis period, the mean change in Hb lev- 
ls from baseline to week 8 was significantly greater in the rox- 
dustat group, with an increase of 1.4 ± 0.2 g/dl in the roxadus- 
at group versus 0.7 ± 0.2 g/dl in the control group, resulting in 
 between-group difference of 0.8 g/dl ( 95% CI 0.3–1.3; P = .003) 
 Fig. 2 A) . 

econdary endpoints 

b response and haematocrit. A significantly higher percentage of 
atients receiving roxadustat ( 60.2%) achieved an Hb response 
 defined as Hb ≥10.0 g/dl) than the control group ( 28.2%) dur- 
ng the first 8 weeks of treatment ( P < .001) . Additionally, 50.5% 

f the patients in the roxadustat group and 38.8% in the con- 
rol group experienced an Hb increase ≥1.0 g/dl from baseline 
 P = .093) . Similarly, the percentage of patients with an Hb in- 
rease ≥1.0 g/dl ( if baseline Hb was > 8.0 g/dl) or ≥2.0 g/dl ( if 
aseline Hb was ≤8.0 g/dl) was 46.6% in the roxadustat group 
ersus 35.0% in the control group ( P = .089) ( Table 2 ) . 
The haematocrit was significantly higher in the roxadustat 
roup than in the control group at week 8 ( 31.6 ± 6.0% versus 
9.7 ± 4.5%; P = .008) , with a mean increase of 4.7 ± 0.9% versus
.8 ± 0.6%, respectively ( P = .008) ( Fig. 2 B) . 

There was no significant difference in ESA usage at base- 
ine between the roxadustat and the control groups ( 34.0% ver- 
us 25.2%; P = .170) . However, during the follow-up, the use 
f ESAs decreased significantly in the roxadustat group com- 
ared with the control group ( 8.7% versus 26.1%; P = .001) 
 Supplementary Table 2) . 

ron parameters. At baseline, the median ferritin levels were 
28.1 μg/l ( IQR 65.4–282.9) in the roxadustat group and 150.1 μg/l 
 IQR 70.5–250.2) in the control group ( P = .957) . At week 8, the 
edian ferritin levels in the roxadustat and control groups were 
3.1 μg/l ( IQR 39.8–197.7) and 145.0 μg/l ( IQR 69.3–198.3) , respec- 
ively ( P = .184) . Transferrin saturation levels remained stable 
uring the treatment and did not differ significantly between the 
wo groups ( Supplementary Table 3) . 

ardiac biomarkers, structure and function. No significant differ- 
nces were found in the mean change in natriuretic pep- 
ide levels, a biomarker for HF, from baseline to week 8 be- 
ween the groups ( P = .118) . Moreover, an evaluation of cardiac 
tructure and function at follow-up ( mean follow-up duration 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf061#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf061#supplementary-data
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.3 ± 4.7 months) revealed no adverse effects of roxadustat on 
ardiac structure or function ( Supplementary Table 4) . 

ipid parameters. Although there was a trend toward reductions 
n total cholesterol, LDL cholesterol and triglyceride levels in the
oxadustat group compared with the control group, these differ- 
nces were not statistically significant ( Supplementary Table 5) .

xploratory endpoints 

ortality and rehospitalization. A 2-year follow-up of all patients 
evealed no increased risk of mortality or rehospitalization in 
he roxadustat group compared with the control group. Nom- 
nal reductions in cardiovascular rehospitalizations at 30 days 
HR 0.51 ( 95% CI 0.165–1.592) , P = .248], cardiovascular mortality 
t 1 year [HR 0.50 ( 95% CI 0.136–1.850) , P = .280] and cardiovas-
ular rehospitalizations at 2 years [HR 0.69 ( 95% CI 0.418–1.125) ,
 = .135] were observed ( Supplementary Table 6) . 

dverse events. The incidence of hyperkalaemia at week 8 was
0.7% in the roxadustat group and 11.7% in the control group.
iver damage was reported in 4 ( 3.9%) patients in the roxadustat 
roup versus 3 ( 2.9%) patients in the control group with respect 
o aspartate aminotransferase levels and in 6 patients in the rox-
dustat group ( 5.8%) versus 6 patients in the control group ( 5.8%) 
egarding alanine aminotransferase levels. Deep vein thrombo- 
is occurred in 3 ( 2.9%) patients in each group. Overall, the in-
idence of adverse events was similar between the two groups
 Supplemental Table 7) . 

ubgroup analyses 

ubgroup analyses for the primary endpoint, including sex, age,
VEF, eGFR, ischaemic aetiology, diabetes, dialysis, ESA use and 
ral iron administration, showed that Hb changes were consis- 
ent across all subgroups ( Supplementary Fig. 1) . 

ISCUSSION 

he findings of this retrospective PSM cohort of 206 patients
ith HF, CKD and anaemia provided insights into the efficacy 
nd safety of roxadustat as a treatment option. After 8 weeks
f follow-up, the roxadustat group experienced a significant in- 
rease in Hb levels compared with the control group, with a
etween-group difference of 0.8 g/dl ( 95% CI 0.3–1.3; P = .003) ,
onsistent with previous research [7 , 8 ]. However, there were no
bserved differences between the two groups regarding mortal- 
ty or HF-related rehospitalizations. These findings offer real- 
orld evidence supporting roxadustat as a potential therapeutic 
ption for anaemia in patients with HF and CKD, affirming its ef-
cacy and safety. 
Cardiorenal anaemia syndrome affects ≈20% of patients hos- 

italized for HF [1 ]. Current treatments for anaemia, includ-
ng the correction of haematinic deficiencies ( iron, B12 and 
olate) , ESAs and blood transfusion, have limitations. The Re- 
uction of Events with Darbepoetin alfa in Heart Failure trial
 NCT00358215) demonstrated that ESAs do not significantly af- 
ect clinical outcomes, including death or rehospitalization due 
o worsening HF, and may increase the risk of stroke [5 ]. Blood
ransfusions, while effective as short-term therapies in cases of 
evere anaemia, are associated with many risks, including dis- 
ase transmission. This highlights the need for novel, efficient 
nd convenient treatments that can address anaemia and im- 
rove outcomes in patients with HF and CKD. 
Recent studies have highlighted the benefits of HIF prolyl hy-
roxylase inhibitors, including roxadustat, which enhance iron 
ioavailability and increase Hb levels without the side effects as-
ociated with ESAs in patients with CKD [7 , 8 ]. Our data further
upported roxadustat’s role in alleviating anaemia in patients
ith HF and CKD. Although our study found a smaller Hb in-
rease than previous studies, where the between-group differ-
nce was 2.2 g/dl ( 95% CI 1.9–2.6; P < .001) , the comorbidities and
iverse anaemia treatments in our population likely contributed
o these variations in response. 

It is worth noting that oral iron supplements and erythro-
oiesis were not restricted in our study, and there were no differ-
nces between the groups at baseline. In our study, the addition
f roxadustat reduced the need for ESAs, likely because roxadu-
tat administered three times per week induced intermittent ac-
ivation of hypoxia-inducible target genes. These genes include
rythropoietin, erythropoietin receptors, enzymes involved in 
aem biosynthesis and proteins that facilitate iron absorption
nd transport, all of which contribute to coordinated erythro-
oiesis. Roxadustat also increases endogenous erythropoietin 
roduction while suppressing inflammatory cytokines, further 
nhancing erythropoiesis. 

The HIF oxygen-sensing pathway has been shown to be up-
egulated in isolated iron deficiency patients with HF, suggest-
ng that iron deficiency in HF is associated with hypoxia-related
athways [14 , 15 ]. In this study, changes in iron parameters
howed improvement with roxadustat as compared with the
ontrol group. A reduction in ferritin was observed with rox-
dustat, consistent with previous studies, which may indicate
hat roxadustat improves anaemia by reducing inflammation,
nd promoting iron utilization for erythropoiesis. These findings
uggest that roxadustat may attenuate the functional iron defi-
iency in patients with HF and CKD. Previous studies have at-
ributed the improvement in iron metabolism to reductions in
epcidin levels and an increase in soluble transferrin receptors
8 , 16 ]. 

Sodium–glucose co-transporter 2 ( SGLT2) inhibitors, a class 
f therapies proven to improve outcomes in patients with HF,
ave also been shown to reduce hepcidin and ferritin levels,
hereby alleviating the inflammation-mediated functional iron 
eficiency observed in HF [17 ]. In our study, there was no signif-
cant difference between the groups regarding the use of oral
ron at baseline ( 83.3% versus 80.6%; P = .586) , and patients
eceiving intravenous iron were excluded. Furthermore, only a
ew patients were using SGLT2 inhibitors, as the majority had
n eGFR < 20 ml/min/1.73 m2 and SGLT2 inhibitors were not
et included in HF treatment guidelines when the study began
n China in 2019. Thus roxadustat may offer additional bene-
ts beyond anaemia correction by improving iron metabolism,
hereas ESAs did not significantly affect iron metabolism. 
Studies have demonstrated that the HIF pathway plays a

rucial role in myocardial ischaemia, where HIF- α promotes va-
odilation, myocardial resilience, metabolic reprogramming and 
ncreases in capillary density. Roxadustat has been shown to
educe the myocardial infarct area and improve heart function
n ischaemic HF [18 ]. In contrast, our study did not observe any
ignificant effects of roxadustat on cardiac structure, function
r biomarkers of HF. This discrepancy may be due to the diverse
auses of HF in our study population, with coronary heart
isease present in only one-quarter of the patients, while most
ad HF of other aetiologies. Additionally, severe anaemia can
ead to high-output HF in patients with normal left ventricular
unction, as cardiac output and LVEF decrease proportionally
ith increased Hb levels in patients with CKD and anaemia [19 ].

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf061#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf061#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf061#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf061#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf061#supplementary-data
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Previous studies have also demonstrated that roxadustat can 
ower total cholesterol and LDL cholesterol levels in patients 
ith CKD through HIF-dependent effects on cholesterol synthe- 
is and the upregulation of adenosine triphosphate–binding cas- 
ette transporter A1, which reduces intracellular cholesterol [20 ,
1 ]. However, in our study, total cholesterol, triglycerides and 
DL cholesterol showed no significant differences between the 
ontrol and roxadustat groups over 8 weeks. The high preva- 
ence of statin use in our study population likely contributed to 
 more intensive lipid-lowering effect, potentially masking the 
ipid-lowering effects of roxadustat [16 ]. 

Although previous studies in patients with CKD have re- 
orted a higher frequency of hyperkalaemia and thromboem- 
olic events with roxadustat [7 , 8 , 16 , 22 ], the overall frequency 
f liver damage, hyperkalaemia and thromboembolic events was 
alanced between groups in our study. The lower incidence of 
hese adverse events in our population may be attributed to bet- 
er renal function and a lower frequency of dialysis. Addition- 
lly, roxadustat may not increase the risk of thromboembolism 

ue to its minimal effect on platelets [23 ]. Moreover, there were 
o differences between the treatment groups in the incidence 
f cardiovascular adverse events, including all-cause mortality,
ardiovascular mortality and rehospitalization related to cardio- 
ascular diseases over 2 years. Cardiovascular adverse events 
hould be considered safety signals rather than primary markers 
f efficacy in studies addressing comorbidities in patients with 
F. Our results suggest that roxadustat is a safe and effective 
reatment for anaemia in patients with HF without increasing 
ardiovascular risk. 

Our study included a large number of HFpEF patients, sug- 
esting that roxadustat may have a more pronounced effect 
n this population. However, the subgroup analysis did not re- 
eal significant differences between those with LVEF ≥50% and 
hose with LVEF < 50%. Additionally, subgroup analysis indicated 
o significant interaction between dialysis and non-dialysis pa- 
ients. Future research should include a larger cohort of patients 
ith HFpEF or HFrEF and CKD with or without dialysis. 

imitations 

ur study has several limitations. First, as a single-centre ret- 
ospective study with a small sample size, roxadustat therapy 
as not randomly assigned and baseline characteristics were 
ot fully comparable between the two groups. However, to miti- 
ate this limitation, a PSM was used, which resulted in compara- 
le baseline characteristics between the groups. Additionally, we 
re currently conducting a prospective, randomized controlled 
rial to further evaluate the efficacy and safety of roxadustat 
n patients with HF, anaemia and CKD ( NCT05691257) . Second,
he follow-up period for laboratory tests in our study was lim- 
ted to 8 weeks. A longer follow-up period may provide further 
nsights into the potential cardioprotective effects of roxadus- 
at. Third, we did not measure the quality of life of the patients,
hich could potentially improve as iron deficiency is corrected.
dditionally, repeated echocardiographic assessments were not 
vailable for many patients, preventing us from assessing im- 
rovements in cardiac structure or function during follow-up.
uture research should address these areas to better understand 
he effects of roxadustat. 

ONCLUSIONS 

oxadustat was effective in correcting and maintaining Hb lev- 
ls in patients with anaemia, HF and CKD. It did not increase the 
ncidence of cardiovascular or other adverse events compared 
ith usual care. A key advantage of roxadustat was its oral mode 
f administration, which is particularly beneficial for outpatient 
anagement of HF. These findings suggest that roxadustat is a 
romising treatment option for anaemia in patients with both 
F and CKD. 

UPPLEMENTARY DATA 

upplementary data are available at Clinical Kidney Journal online .
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