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Abstract
Introduction
The dose of roxadustat, a hypoxia-inducible factor prolyl hydroxylase (HIF-PH) inhibitor, required to treat
anemia, the hemoglobin level and the rate of hemoglobin target achievement were retrospectively
investigated in non-dialyzed chronic kidney disease (CKD) patients with and without type 2 diabetes.

Methods
As the full analysis set, 25 subjects (10 with diabetes and 15 without diabetes) were observed over six
months among 44 non-dialyzed CKD patients who received roxadustat. The target hemoglobin level was set
at 110-130 g/L.

Results
The comorbidities of diabetes and body weight at baseline were significantly associated with each dose of
roxadustat at six months and the change in each dose of roxadustat from the initiation of roxadustat
treatment. There was no significant difference in the amount of increase in the hemoglobin level (14±11 g/L
vs. 15±8 g/L) and the rate of hemoglobin target achievement (70% vs. 67%) between patients with and
without diabetes. Each dose of roxadustat gradually decreased in patients without diabetes, whereas it
increased in those with diabetes. Each dose of roxadustat was significantly higher in patients with diabetes
than in those without diabetes at 3 (60±21 mg vs. 42±14 mg) and 6 (61±22 mg vs. 41±14 mg) months after the
initiation of roxadustat treatment.

Conclusion
Roxadustat is useful for the treatment of anemia in both CKD patients with and without diabetes. However,
the dose required to achieve the target hemoglobin level may be higher in patients with diabetes than in
those without diabetes.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine, Nephrology
Keywords: chronic kidney disease, renal anemia, diabetes, hypoxia-inducible factor prolyl hydroxylase inhibitor,
roxadustat

Introduction
It is well known that anemia is closely associated with chronic kidney disease (CKD), cardiovascular
diseases, and heart failure [1-3]. Due to the interaction of these pathological conditions, the concept of
cardio-renal anemia (CRA) syndrome has been proposed [4]. Although it has been reported that the
correction of anemia using an iron supplement and/or erythropoiesis-stimulating agent (ESA) improved not
only the disturbed quality of life (QOL) but also the left ventricular hypertrophy [5,6] and the renal prognosis
[7-10] in patients with CKD, the rate of hemoglobin target achievement remains inadequate in Japanese
patients [11].

Cardiovascular diseases and end-stage kidney disease (ESKD) are major complications in patients with
diabetes. Anemia is reportedly found more frequently in patients with diabetes than in the general
population or nondiabetic CKD patients [12-17]. We also reported that even mild anemia, for which
treatment was not indicated (hemoglobin level ≥110 g/L), was independently associated with diabetic
microangiopathies and macroangiopathies based on a cross-sectional study of 1189 patients with type 2
diabetes [18]. Therefore, anemia is considered a serious problem in clinical practice related to managing type
2 diabetes, in which prevention of CKD progression and cardiovascular disease is important.
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Hypoxia-inducible factor prolyl hydroxylase (HIF-PH) inhibitors have been available in Japan since 2019.
Because roxadustat, a HIF-PH inhibitor, was covered by health insurance for renal anemia in non-dialyzed
CKD patients in 2020, it is expected to improve the long-term prognosis of anemic patients due to its
convenience as an oral drug. However, the effect of roxadustat may differ depending on patient background
factors, and reports based on actual clinical practice are insufficient. Thus, we retrospectively investigated
the factors that influence the effect of roxadustat in non-dialyzed CKD patients with renal anemia, with
particular attention given to comorbid diabetes.

The primary outcome in the present study was the dose of roxadustat required to treat anemia in non-
dialyzed CKD patients (hemoglobin level to start treatment: <110 g/L, target hemoglobin level: 110-130 g/L
[19]) with and without type 2 diabetes. The secondary outcomes were the changes in hemoglobin, the rate of
hemoglobin target achievement, and adverse events (AEs) during the six months of observation after the
initiation of roxadustat.

Materials And Methods
A flow chart of the patient selection process is shown in Figure 1. Forty-four Japanese non-dialyzed CKD
patients with anemia who received roxadustat (Evrenzo® tablets; Astellas Pharma Inc., Tokyo, Japan) at our
department from April 2021 to January 2022 were eligible for inclusion in this study. Subjects who were
transferred to another hospital within a month after the initiation of roxadustat (n=1) and whose
hemoglobin level was ≥110 g/L (n=1) at the time of the initiation of roxadustat were excluded from the
analysis. In total, 42 patients with anemia were studied as the safety analysis set (SAS) to analyze the safety
of roxadustat. After excluding subjects who were transferred to other hospitals during the observation period
(n=5), those who discontinued roxadustat because the attending physician judged it to be ineffective (n=1),
those who discontinued roxadustat based on the patient’s self-judgment (n=2), and those who discontinued
roxadustat due to any AEs (n=9), 25 subjects were investigated as the full analysis set (FAS) to assess the
effectiveness of roxadustat.

FIGURE 1: Flowchart of patient selection.
The safety of roxadustat was analyzed in the safety analysis set (n=42), and the effectiveness was investigated in
the full analysis set (n=25). CKD, chronic kidney disease

Roxadustat was administered orally thrice weekly at a two-day or three-day interval. When coadministered
with phosphate binders or other medical products containing multivalent cations (e.g., calcium, iron,
magnesium, or aluminum), patients were instructed to take roxadustat at least 1 hour before or after these
concomitant medications. In principle, the initial dose of roxadustat was set to 50 mg for ESA-naïve patients
and 70-100 mg for patients switching from ESAs. The initial dose of roxadustat was determined based on the
judgment of the attending physician, who ensured that it did not exceed these doses.

The hemoglobin level and each dose of roxadustat during the 6 months after initiation were investigated in
the FAS. The target hemoglobin level was set in the range of 110-130 g/L according to the guidelines for
renal anemia issued by the Japanese Society for Dialysis Therapy [19]. Overshooting of the hemoglobin
target was defined as a hemoglobin level of >130 g/L after the initiation of roxadustat.

The attending physician diagnosed the primary cause of CKD based on the patient’s medical history and/or
histopathological findings from renal biopsy specimens. Diabetes was defined as a previous diagnosis of
diabetes or using antidiabetic agents. The eGFR was calculated using the formula recommended by the
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Japanese Society of Nephrology [20].

The clinical parameters and AEs were retrospectively examined over six months after the initiation of
roxadustat based on the subjects’ medical records.

Statistical analyses
All data are presented as the mean ± standard deviation. The χ2 test was used for between-group
comparisons of categorical variables. Wilcoxon’s rank-sum test was used to assess the significance of
differences in the hemoglobin level and each dose of roxadustat during the observation period compared to
baseline values. The McNemar test was used to examine the changes over time in the rate of hemoglobin
target achievement. A least squares model was used to evaluate the associations between the clinical
background factors of the patients and each dose of roxadustat at 6 months, the change in each dose of
roxadustat from the initiation, and the change in hemoglobin level. Factors that showed a significant
association with each dependent variable in univariate analysis were included in a multivariate analysis.
Odds ratios (ORs) and respective 95% confidence intervals (CIs) were determined by logistic regression
analysis in order to examine the strength of the relationship between the clinical characteristics of patients
and the achievement of target hemoglobin levels. P values of <0.05 (two-tailed) were considered to indicate
statistical significance. The statistical software package JMP version 12.2.0 (SAS Institute, Cary, NC, USA)
was used to perform all analyses.

Results
The clinical characteristics of the FAS at baseline are shown in Table 1. Most of the subjects were over 65
years old. Diabetic nephropathy was diagnosed as the primary cause of CKD in 28%, and 40% (n=10) of the
subjects had type 2 diabetes. Twenty-four percent of the FAS were taking iron supplements. The serum
ferritin and transferrin saturation (TSAT) levels suggested that the iron storage was sufficient to initiate
roxadustat. Statins or multivalent cations were used in 60% (n=6) and 73% (n=11) of patients with and
without diabetes, respectively.
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Clinical characteristics Mean±SD/%

Age (years) 79±8

Age group (%)  

 ≤65 years 8

 65-74 years 16

 75-84 years 52

 ≥85 years 24

Male (%) 60

Primary cause of CKD (%)  

 Diabetic nephropathy 28

 Chronic glomerulonephritis 28

 Nephrosclerosis 24

 Others or unknown 20

Comorbid type 2 diabetes (%) 40

Switching from ESAs (%) 56

Concomitant medication (%)  

 Iron 24

 Multivalent cations† 32

 Statins 52

Body weight (kg) 55.1±14.0

Systolic blood pressure (mmHg) 139±16

Diastolic blood pressure (mmHg) 66±12

Hemoglobin (g/L) 99±10

Serum iron (μmol/L) 15±5

TSAT (%) 32±11

Serum ferritin (μg/L) 211±144

Serum creatinine (μmol/L) 250±73

eGFR (mL/min/1.73 m2) 18±7

GFR stage (%)  

 G3b/G4/G5 8/56/36

Starting dose of roxadustat (mg/dose) 53±11

TABLE 1: The clinical characteristics of the full analysis set (n=25) at baseline
ESA, erythropoiesis-stimulating agent; TSAT, transferrin saturation; eGFR, estimated glomerular filtration rate

†Multivalent cations include preparations containing calcium, iron, magnesium or aluminum.

Figure 2 shows the changes in the hemoglobin level and rate of hemoglobin target achievement before and
after the initiation of treatment and each dose of roxadustat. After the initiation of roxadustat, the
hemoglobin level increased significantly from 99±10 g/L at the start of roxadustat to 114±8 g/L at 6 months.
The amount of change in the hemoglobin level was 15±9 g/L. The rate of hemoglobin target achievement
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was 12% at baseline and 72% at six months after the initiation of roxadustat. Each dose of roxadustat showed
a decrease from 53±11 mg at initiation to 49±20 mg at six months; however, this difference was not
statistically significant. The amount of change in each dose of roxadustat was -4±23 mg.

FIGURE 2: Changes in (A) the hemoglobin level, (B) the rate of
hemoglobin target achievement, and (C) the each dose of roxadustat in
the full analysis set.
*P <0.05, **P <0.01 vs. baseline (0 month) value.

The associations between the change in the hemoglobin level and the clinical parameters at baseline are
shown in Table 2. The factors that showed a significant association with the change in hemoglobin level
were switching from ESAs, concomitant use of iron, hemoglobin level, and serum ferritin level. In a
multivariate analysis, the hemoglobin and serum ferritin levels tended to be associated with the change in
the hemoglobin level.
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Clinical parameters at baseline Single regression Multivariate regression

 β P β P

Age (/year) -0.095 0.68   

Male sex -0.267 0.94   

Diabetic nephropathy -3.965 0.35   

Comorbidity of type 2 diabetes -1.733 0.65   

Switching from ESAs -8.435 0.02 10.008 0.30

Concomitant medication     

 Iron 8.588 0.04 3.900 0.41

 Multivalent cations† 6.412 0.10   

 Statins 4.756 0.20   

Body weight (/kg) -0.057 0.74   

Systolic blood pressure (/mmHg) -0.129 0.40   

Diastolic blood pressure (/mmHg) -0.209 0.29   

Hemoglobin (/g/L) -0.616 <0.01 -0.539 0.07

Serum iron (/μmol/L) 0.946 0.15   

TSAT (/%) 0.590 0.03 -0.058 0.85

Serum ferritin (/μg/L) 0.046 <0.01 0.046 0.09

Serum creatinine (/μmol/L) -0.112 0.66   

eGFR (/mL/min/1.73 m2) -0.024 0.41   

Starting dose of roxadustat (/mg/dose) -0.238 0.18   

TABLE 2: Associations between the change in hemoglobin level and the clinical parameters at
baseline
P, P-value; ESA, erythropoiesis-stimulating agent; TSAT, transferrin saturation; eGFR, estimated glomerular filtration rate

†Multivalent cations include preparations containing calcium, iron, magnesium or aluminum.

The associations between the rate of hemoglobin target achievement at six months after the initiation of
roxadustat and the clinical parameters at baseline are shown in Table 3. None of the baseline characteristics
of the subjects were significantly associated with the rate of hemoglobin target achievement.
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Clinical parameters at baseline Single regression

 OR [95% CI] P

Age (/year) 1.06 [0.96-1.19] 0.24

Male sex 0.94 [0.15-5.19] 0.95

Diabetic nephropathy 0.64 [0.11-4.06] 0.62

Comorbidity of type 2 diabetes 0.64 [0.11-3.50] 0.60

Switching from ESAs 0.33 [0.04-1.91] 0.22

Concomitant medication   

 Iron 2.69 [0.34-57.03] 0.37

 Multivalent cations† 1.50 [0.25-12.40] 0.67

 Statins 4.71 [0.82-38.99] 0.08

Body weight (/kg) 0.94 [0.85-1.02] 0.15

Systolic blood pressure (/mmHg) 0.99 [0.92-1.05] 0.65

Diastolic blood pressure (/mmHg) 0.95 [0.85-1.04] 0.26

Hemoglobin (/g/L) 1.08 [0.99-1.21] 0.08

Serum iron (/μmol/L) 0.97 [0.79-1.21] 0.76

TSAT (/%) 0.99 [0.89-1.10] 0.80

Serum ferritin (/μg/L) 1.00 [0.99-1.01] 0.97

Serum creatinine (/μmol/L) 1.00 [0.99-1.01] 0.72

eGFR (/mL/min/1.73 m2) 0.96 [0.84-1.04] 0.51

Starting dose of roxadustat (/mg/dose) 1.56 [incalculable] 0.21

TABLE 3: Associations between the rate of hemoglobin target achievement at 6 months after the
initiation of roxadustat and the clinical parameters at baseline
OR, Odds ratio; CI, confidence interval; P, P-value; ESA, erythropoiesis-stimulating agent; TSAT, transferrin saturation; eGFR, estimated glomerular
filtration rate

†Multivalent cations include preparations containing calcium, iron, magnesium, or aluminum.

The associations between each dose of roxadustat at six months after initiation and the clinical parameters
at baseline are shown in Table 4. Diabetic nephropathy as the primary cause of CKD, comorbid type 2
diabetes, and body weight were significantly associated with each dose of roxadustat at six months in
univariate analyses. Because diabetic nephropathy and comorbid type 2 diabetes are obviously confounding
factors, a multivariate analysis was performed using the comorbid type 2 diabetes and body weight as
independent variables. As a result, body weight was a significant explanatory factor for each dose of
roxadustat at six months, and comorbid type 2 diabetes tended to be associated with this dose.
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Clinical parameters at baseline Single regression Multivariate regression

 β P β P

Age (/year) -0.088 0.86   

Male sex 7.949 0.14   

Diabetic nephropathy 18.968 0.03   

Comorbidity of type 2 diabetes 19.667 0.01 19.359 0.06

Switching from ESAs 11.558 0.16   

Concomitant medication     

 Iron -1.140 0.91   

 Multivalent cations† -0.662 0.94   

 Statins -6.346 0.44   

Body weight (/kg) 1.050 <0.01 0.819 0.03

Systolic blood pressure (/mmHg) 0.508 0.18   

Diastolic blood pressure (/mmHg) 0.496 0.32   

Hemoglobin (/g/L) -0.094 0.83   

Serum iron (/μmol/L) -0.240 0.83   

TSAT (/%) -0.122 0.81   

Serum ferritin (/μg/L) -0.028 0.51   

Serum creatinine (/μmol/L) 0.006 0.92   

eGFR (/mL/min/1.73 m2) 0.959 0.12   

Starting dose of roxadustat (/mg/dose) -0.164 0.68   

TABLE 4: Associations between each dose of roxadustat at 6 months after the initiation of
roxadustat and the clinical parameters at baseline
P, P-value; ESA, erythropoiesis-stimulating agent; TSAT, transferrin saturation; eGFR, estimated glomerular filtration rate

†Multivalent cations include preparations containing calcium, iron, magnesium, or aluminum.

The associations between the change in each dose of roxadustat at six months from initiation and the
clinical parameters at baseline are shown in Table 5. Comorbid type 2 diabetes and body weight were
significantly associated with changes in each dose of roxadustat in both univariate and multivariate
analyses.
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Clinical parameters at baseline Single regression Multivariate regression

 β P β P

Age (/year) -0.357 0.54   

Male sex 10.667 0.27   

Diabetic nephropathy 18.889 0.07   

Comorbidity of type 2 diabetes 21.000 0.03 22.05 0.049

Switching from ESAs 6.558 0.50   

Concomitant medication     

 Iron -0.022 0.92   

 Multivalent cations† -0.221 0.98   

 Statins -3.718 0.70   

Body weight (/kg) 1.029 0.01 0.802 0.04

Systolic blood pressure (/mmHg) 0.458 0.24   

Diastolic blood pressure (/mmHg) 0.455 0.38   

Hemoglobin (/g/L) -0.372 0.46   

Serum iron (/μmol/L) -0.011 0.99   

TSAT (/%) 0.113 0.83   

Serum ferritin (/μg/L) -0.028 0.51   

Serum creatinine (/μmol/L) -0.051 0.44   

eGFR (/mL/min/1.73 m2) 1.205 0.10   

Starting dose of roxadustat (/mg/dose) -1.164 <0.01 -1.736 0.095

TABLE 5: Associations between the change in each dose of roxadustat 6 months after the
initiation of roxadustat and the clinical parameters at baseline
P, P-value; ESA, erythropoiesis-stimulating agent; TSAT, transferrin saturation; eGFR, estimated glomerular filtration rate

†Multivalent cations include preparations containing calcium, iron, magnesium, or aluminum.

The baseline clinical characteristics of patients with and without diabetes are shown in Table 6. No
characteristics differed between the two groups. Figure 3 and Table 7 show the changes in hemoglobin level
and the rate of hemoglobin target achievement before and after the initiation of roxadustat and each dose of
roxadustat after the initiation of roxadustat in patients with (n=10) and without (n=15) type 2 diabetes.
There was no difference between the two groups in the amount of change in the hemoglobin level (14±11
g/L vs. 15±8 g/L) or the rate of hemoglobin target achievement (70% vs. 67% at six months after the initiation
of roxadustat). However, each dose of roxadustat tended to decrease gradually in patients without diabetes,
whereas it increased in those with diabetes. As a result, each dose of roxadustat was significantly higher in
patients with diabetes than in patients without diabetes at three (60±21 mg vs. 42±14 mg, P=0.02) and six
months (61±22 mg vs. 41±14 mg, p=0.01) after the initiation of roxadustat. The amount change in each dose
of roxadustat was also significantly higher in patients with diabetes than in patients without diabetes (9±24
mg vs. -12±19 mg, p=0.03).
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Clinical characteristics Diabetes No diabetes P

n 10 15  

Age (years) 76±8 80±8 0.12

Male (%) 80 47 0.10

Switching from ESAs (%) 70 47 0.25

Concomitant medication (%)    

 Iron 20 27 0.70

 Multivalent cations† 30 33 0.86

 Statins 60 47 0.51

Body weight (kg) 61±16 52±12 0.23

Systolic blood pressure (mmHg) 142±8 136±20 0.19

Diastolic blood pressure (mmHg) 64±16 69±10 0.51

Serum iron (μmol/L) 18±4 14±4 0.13

TSAT (%) 35±13 30±11 0.45

Serum ferritin (μg/L) 205±246 212±135 0.81

Serum creatinine (μmol/L) 249±77 251±73 0.82

eGFR (mL/min/1.73 m2) 20±8 17±5 0.34

GFR stage (%)    

 G3b/G4/G5 20/50/30 0/60/40 0.19

TABLE 6: Clinical characteristics in patients with and without diabetes at baseline
P, P-value; ESA, erythropoiesis-stimulating agent; TSAT, transferrin saturation; eGFR, estimated glomerular filtration rate

†Multivalent cations include preparations containing calcium, iron, magnesium, or aluminum.
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FIGURE 3: Changes in (A) the hemoglobin level, (B) the rate of
hemoglobin target achievement, and (C) the each dose of roxadustat in
subjects with and without diabetes in the full analysis set.
Closed circles and bars indicate subjects with diabetes. Open squares and bars indicate those without diabetes.
*P <0.05, **P <0.01 vs. corresponding value at baseline (0 month) value. #P <0.05 vs. subjects without diabetes.

Period Hemoglobin (g/L) Rate of hemoglobin target achievement (%) Each dose of roxadustat (mg)

 Diabetes No diabetes P Diabetes No diabetes P Diabetes No diabetes P

-3 months 102±12 107±12** 0.28 30 40* 0.61    

Baseline 102±8 98±10 0.39 10 13 0.80 52±6 53±13 0.81

1 month 109±11* 107±11** 0.54 40 40 1.00 49±12 49±18 0.75

2 months 113±11** 111±12** 0.60 60* 53* 0.74 53±15 42±14 0.05

3 months 116±9** 114±10** 0.56 70* 67* 0.86 60±21 42±14 0.02

6 months 115±7** 113±8** 0.36 70* 73* 0.86 61±22 41±14 0.01

Amount of change 14±11 15±8 0.34    9±24 -12±19 0.03

TABLE 7: Comparison of the changes in the hemoglobin levels, the rate of hemoglobin target
achievement, and the each doses of roxadustat in patients with and without diabetes
P, P-value

*P <0.05, **P <0.01 vs. corresponding value at baseline

In the SAS (male, 60%; age, 80±9 years; hemoglobin level at the initiation of roxadustat, 98±10 g/L, each
dose of roxadustat, 58±17 mg), AEs were observed in 30 patients (71%), for a total of 40 events. The AEs
observed in >5% of the subjects included hyperkalemia (n=5), progression of renal dysfunction (n=3),
overshooting of hemoglobin (n=3), edema (n=3), nausea (n=3), constipation (n=3) and dementia (n=3). The
clinical characteristics of 9 subjects who discontinued roxadustat due to AEs are shown in Table 8. Most AEs
leading to discontinuation of roxadustat occurred within a short period after the initiation of roxadustat and
were not associated with patient sex, each dose of roxadustat or comorbid diabetes (Table 9).
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Adverse event N (%)

Patients with at least one adverse event 30 (71)

Hyperkalemia 5 (12)

Progression of renal impairment 3 (7)

Overshooting of hemoglobin target† 3 (7)

Edema 3 (7)

Nausea 3 (7)

Constipation 3 (7)

Dementia 3 (7)

Anorexia 2 (5)

Heart failure 2 (5)

Pneumonia (death) 1 (2)

Lung cancer 1 (2)

Sprain 1 (2)

Deep vein thrombosis 1 (2)

Cataract 1 (2)

Gait disturbance 1 (2)

Chest pain 1 (2)

Headache 1 (2)

Elevation of blood pressure 1 (2)

Decline of blood pressure 1 (2)

Choledocholithiasis 1 (2)

Dizziness 1 (2)

Stiff shoulder 1 (2)

TABLE 8: All adverse events in the safety analysis set
†Hemoglobin level >130g/L
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Period† (months) Age (years) Sex Dose‡(mg) Diabetes Cause of discontinuation

<1 80 Female 100 Absent Nausea

<1 83 Female 100 Absent Deep vein thrombosis

<1 85 Male 50 Present Overshooting of Hb (143 g/L)

<1 62 Male 50 Present Overshooting of Hb (145 g/L)

<1 88 Female 50 Absent Stiff shoulder

<1 100 Male 50 Absent Edema

1-2 75 Female 50 Present Edema

1-2 80 Male 70 Present Overshooting of Hb (152 g/L)

2-3 76 Male 50 Present Pneumonia (death)

TABLE 9: Clinical characteristics of the subjects who discontinued roxadustat according to the
adverse events
Hb, hemoglobin

†Period from the roxadustat initiation

‡ Each dose of roxadustat at the discontinuation

Discussion
In the present study, roxadustat therapy was effective for anemia in non-dialyzed CKD patients in the short
term, regardless of patient age, a primary cause of CKD, presence of comorbid diabetes, body weight, eGFR
and starting dose of roxadustat. According to single regression analyses, the factors associated with the
change in hemoglobin after the administration of roxadustat included switching from ESAs, concomitant use
of iron, hemoglobin level, and serum ferritin level. These findings are considered important for predicting
the therapeutic response when starting HIF-PH inhibitors and may be useful in avoiding the risk of
overshooting hemoglobin and thrombosis. Consideration, such as reducing the starting dose of roxadustat,
may be necessary, especially for patients who have not used an ESA and/or who are on iron supplementation.

Each dose of roxadustat at six months was significantly higher in patients with type 2 diabetes than in those
without diabetes in the present study. CKD patients with diabetes are known to have multiple causes of
anemia, resulting in a higher incidence of anemia in comparison to nondiabetic subjects [14-16]. Decreased
EPO production is one of the reasons for the high frequency of anemia in diabetic patients. HIF-PH
inhibitors increase endogenous EPO production by stabilizing the HIF-α subunit and enhancing the hypoxia-
associated EPO gene expression by dimerizing with the HIF-ß subunit. HIF-PH inhibitors are also known to
improve iron utilization through the inhibition of hepcidin production [21]. Akizawa et al. [22] reported,
based on a phase 3 study, that roxadustat maintained hemoglobin levels in the target range independently
of comorbid diabetes in non-dialyzed CKD patients with anemia.

Furthermore, Zhang et al. [23] reported, based on a retrospective cohort study with a three-month
observation period, that the effect of roxadustat on improving renal anemia was similar to that of ESAs in
61 patients with diabetic kidney disease. Hirai et al. [24] also retrospectively demonstrated that switching
from ESAs to roxadustat further improved hemoglobin regardless of the presence of diabetes and was
accompanied by an improvement in lipid metabolism in 50 non-dialyzed CKD patients. These reports
suggested that roxadustat therapy can improve renal anemia in patients with diabetes and nondiabetic
subjects, similar to the results obtained from the present study. However, the dose of roxadustat required to
achieve target hemoglobin levels in patients with diabetes has not been clarified in actual practice.
Therefore, the present study is considered useful for predicting the change in hemoglobin and the dose of
roxadustat required in CKD patients with type 2 diabetes and anemia, although this study included a small
number of subjects.

According to a phase 3 trial, the dose of roxadustat was larger in non-dialyzed CKD patients with diabetes
(53.75±23.50 mg) than in those without diabetes (49.71±20.67 mg); however, the difference was not
statistically significant (P=0.299) [25]. The target hemoglobin level was the greatest difference between the
present study and the phase 3 trial [23,26]. While roxadustat was administered to maintain hemoglobin
levels within 110-130 g/L in the present study, according to the current guidelines for the treatment of renal
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anemia in non-dialyzed CKD patients [19], the target hemoglobin level was set between 100-120 g/L in the
phase 3 trial. In addition, the baseline hemoglobin levels differed between the present study (102±8 g/L in
debates patients and 98±10 g/L in nondiabetic patients) and the phase 3 trial (110.5±5.8 g/L in diabetes
patients and 110.2±5.4 g/L in nondiabetic patients) because the study subjects were treated by switching
from ESAs. These differences may have contributed to the different results between the two studies. In the
present study, the factors that affected the dose of roxadustat were body weight and comorbid type 2
diabetes. Although not significant, the body weight was greater in patients with diabetes than in those
without diabetes. This 9 kg weight difference may have also been associated with the higher dose of
roxadustat in patients with diabetes than those without diabetes in this study. As patients with diabetes are
commonly heavier than nondiabetic patients, it may be necessary to take body weight into consideration
when adjusting the subsequent dose of roxadustat after the initiation of treatment.

Limitations of the study
The present study was associated with several limitations. First, it was a retrospective observational
investigation of a small number of patients. Thus, it is necessary to note the possibility that the changes in
hemoglobin and the dose of roxadustat occurred incidentally due to the low statistical power. Additionally,
the statistical analysis of the continuous outcomes may not be appropriate if the data does not meet the
assumptions of the least squares model. Further investigations on a larger number of patients should be
performed to confirm our results. The target hemoglobin level differs depending on the guidelines. For
example, KDIGO recommendations consist of a target hemoglobin level of 100-115 g/L in patients
undergoing ESA treatment [27]. According to the European Renal Best Practice (ERBP), the treatment should
target 100-110 g/L ranges of hemoglobin [28]. It is necessary to recognize this variation in the target
hemoglobin level may affect the result of drug treatment for anemia in CKD patients. Second, the present
study could not determine medication adherence to pharmacological therapy. Due to its half-life, roxadustat
is prescribed to be administered three times weekly to both dialyzed and non-dialyzed CKD patients [26].
Concomitant use with statins or multivalent cations may inhibit absorption due to chelate formation,
resulting in a decrease in the blood concentration of roxadustat [29]. There was no significant difference in
the frequency of concomitant use of statins or multivalent cations between patients with and without
diabetes. Therefore, it is necessary to pay attention to the timing of roxadustat administration in CKD
patients who often develop polypharmacy. In this study, we instructed the subjects on the timing of taking
roxadustat; however, there is a concern that medication adherence may have been insufficient. If this
medication adherence was poor in the subjects with diabetes, as previously reported [30], it is not surprising
that patients with diabetes required a higher dose of roxadustat to maintain their target hemoglobin level.
The fact that this adherence was not evaluated is considered to be another limitation of this study.

Despite these limitations, we believe that roxadustat is effective for treating anemia in non-dialyzed CKD
patients with diabetes, and administration in higher doses may be needed compared to patients without
diabetes. The findings obtained from this study are considered valuable as real-world data.

Conclusions
Roxadustat is useful for the treatment of anemia in non-dialyzed CKD patients. However, the doses required
to maintain the target hemoglobin levels may differ between patients with and without diabetes.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Ethics Committee of
Edogawa Hospital issued approval 2021-35. The Ethics Committee of Edogawa Hospital approved the study
protocol and waived the need for written informed consent because the data were analyzed anonymously for
this retrospective analysis based on information stored in the hospital (approved number: 2021-35, approval
date: August 2, 2021). Animal subjects: All authors have confirmed that this study did not involve animal
subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: Hiroyuki Ito declare(s)
personal fees from Terumo Corporation. Hiroyuki Ito, Suzuko Matsumoto declare(s) personal fees from
Astellas Pharma. lecture fees. Hiroyuki Ito, Suzuko Matsumoto declare(s) personal fees from Eli Lilly Japan
KK. Hiroyuki Ito, Shinichi Antoku declare(s) personal fees from Daiichi Sankyo Company. Hiroyuki Ito,
Toshiko Mori, Shinichi Antoku declare(s) personal fees from Novartis Pharma KK. Hiroyuki Ito, Hideyuki
Inoue declare(s) personal fees from Mochida Pharmaceuticals. Hiroyuki Ito declare(s) personal fees from
Mitsubishi Tanabe Pharma Corporation. Hiroyuki Ito, Shinichi Antoku declare(s) personal fees from Otsuka
Pharmaceutical Co., Ltd. Hiroyuki Ito declare(s) personal fees from Bayer Yakuhin, Ltd. Hiroyuki Ito
declare(s) personal fees from Ono Pharmaceutical Co., Ltd. Hiroyuki Ito declare(s) personal fees from Kowa
Company. lecture fees. Hiroyuki Ito, Suzuko Matsumoto, Shinichi Antoku declare(s) personal fees from Novo
Nordisk Pharma Ltd. Hiroyuki Ito declare(s) personal fees from Takeda Pharmaceutical Company Ltd.
Hiroyuki Ito declare(s) personal fees from Teijin Pharma. Hiroyuki Ito declare(s) personal fees from Sanwa
Kagaku Kenkyusho. Hiroyuki Ito declare(s) personal fees from EA Pharma Co., Ltd. Hiroyuki Ito declare(s)
personal fees from Viatris Inc. Hiroyuki Ito declare(s) personal fees from Boehringer Ingelheim. Hiroyuki Ito,

2023 Ito et al. Cureus 15(5): e39543. DOI 10.7759/cureus.39543 14 of 16

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Shinichi Antoku declare(s) personal fees from Taisho Pharmaceutical Co., Ltd. lecture fees. Hiroyuki Ito
declare(s) personal fees from Sumitomo Pharma Co., Ltd. Hiroyuki Ito, Shinichi Antoku declare(s) personal
fees from Sanofi KK. Hiroyuki Ito declare(s) personal fees from MSD KK. Hiroyuki Ito declare(s) personal fees
from Kissei Pharmaceuticals. Hiroyuki Ito, Hideyuki Inoue, Suzuko Matsumoto declare(s) personal fees from
AstraZeneca KK. Hiroyuki Ito, Suzuko Matsumoto, Shinichi Antoku declare(s) personal fees from Kyowa
Kirin Co. Ltd. Hiroyuki Ito declare(s) non-financial support from Becton, Dickinson and Company. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

Acknowledgements
The authors thank Tomoko Koyanagi in the secretarial section of Edogawa Hospital for her valuable help
with data collection.

References
1. Anand I, McMurray JJ, Whitmore J, Warren M, Pham A, McCamish MA, Burton PB: Anemia and its

relationship to clinical outcome in heart failure. Circulation. 2004, 110:149-54.
10.1161/01.CIR.0000134279.79571.73

2. Vlagopoulos PT, Tighiouart H, Weiner DE, et al.: Anemia as a risk factor for cardiovascular disease and all-
cause mortality in diabetes: the impact of chronic kidney disease. J Am Soc Nephrol. 2005, 16:3403-10.
10.1681/ASN.2005030226

3. Yamamoto T, Miyazaki M, Nakayama M, et al.: Impact of hemoglobin levels on renal and non-renal clinical
outcomes differs by chronic kidney disease stages: the Gonryo study. Clin Exp Nephrol. 2016, 20:595-602.
10.1007/s10157-015-1190-3

4. Silverberg D, Wexler D, Blum M, Wollman Y, Iaina A: The cardio-renal anaemia syndrome: does it exist? .
Nephrol Dial Transplant. 2003, 18:viii7-12. 10.1093/ndt/gfg1084

5. Akizawa T, Gejyo F, Nishi S, et al.: Positive outcomes of high hemoglobin target in patients with chronic
kidney disease not on dialysis: a randomized controlled study. Ther Apher Dial. 2011, 15:431-40.
10.1111/j.1744-9987.2011.00931.x

6. Hayashi T, Suzuki A, Shoji T, et al.: Cardiovascular effect of normalizing the hematocrit level during
erythropoietin therapy in predialysis patients with chronic renal failure. Am J Kidney Dis. 2000, 35:250-6.
10.1016/s0272-6386(00)70334-9

7. Kuriyama S, Tomonari H, Yoshida H, Hashimoto T, Kawaguchi Y, Sakai O: Reversal of anemia by
erythropoietin therapy retards the progression of chronic renal failure, especially in nondiabetic patients.
Nephron. 1997, 77:176-85. 10.1159/000190270

8. Gouva C, Nikolopoulos P, Ioannidis JP, Siamopoulos KC: Treating anemia early in renal failure patients
slows the decline of renal function: a randomized controlled trial. Kidney Int. 2004, 66:753-60.
10.1111/j.1523-1755.2004.00797.x

9. Tsubakihara Y, Gejyo F, Nishi S, et al.: High target hemoglobin with erythropoiesis-stimulating agents has
advantages in the renal function of non-dialysis chronic kidney disease patients. Ther Apher Dial. 2012,
16:529-40. 10.1111/j.1744-9987.2012.01082.x

10. Hayashi T, Uemura Y, Kumagai M, Kimpara M, Kanno H, Ohashi Y: Effect of achieved hemoglobin level on
renal outcome in non-dialysis chronic kidney disease (CKD) patients receiving epoetin beta pegol: MIRcerA
CLinical Evidence on Renal Survival in CKD patients with renal anemia (MIRACLE-CKD Study). Clin Exp
Nephrol. 2019, 23:349-61. 10.1007/s10157-018-1649-0

11. Sofue T, Nakagawa N, Kanda E, et al.: Prevalence of anemia in patients with chronic kidney disease in
Japan: a nationwide, cross-sectional cohort study using data from the Japan Chronic Kidney Disease
Database (J-CKD-DB). PLoS One. 2020, 15:e0236132. 10.1371/journal.pone.0236132

12. Thomas MC, MacIsaac RJ, Tsalamandris C, Power D, Jerums G: Unrecognized anemia in patients with
diabetes: a cross-sectional survey. Diabetes Care. 2003, 26:1164-9. 10.2337/diacare.26.4.1164

13. Joss N, Patel R, Paterson K, Simpson K, Perry C, Stirling C: Anaemia is common and predicts mortality in
diabetic nephropathy. QJM. 2007, 100:641-7. 10.1093/qjmed/hcm080

14. Palaka E, Grandy S, van Haalen H, McEwan P, Darlington O: The impact of CKD anaemia on patients:
incidence, risk factors, and clinical outcomes - a systematic literature review. Int J Nephrol. 2020,
2020:7692376. 10.1155/2020/7692376

15. Deray G, Heurtier A, Grimaldi A, Launay Vacher V, Isnard Bagnis C: Anemia and diabetes. Am J Nephrol.
2004, 24:522-6. 10.1159/000081058

16. Mehdi U, Toto RD: Anemia, diabetes, and chronic kidney disease . Diabetes Care. 2009, 32:1320-6.
10.2337/dc08-0779

17. Ito H, Antoku S, Furusho M, et al.: The prevalence of the risk factors for atherosclerosis among type 2
diabetic patients is greater in the progressive stages of chronic kidney disease. Nephron Extra. 2013, 3:66-
72. 10.1159/000353592

18. Ito H, Takeuchi Y, Ishida H, et al.: Mild anemia is frequent and associated with micro- and
macroangiopathies in patients with type 2 diabetes mellitus. J Diabetes Investig. 2010, 1:273-8.
10.1111/j.2040-1124.2010.00060.x

19. Yamamoto H, Nishi S, Tomo T, et al.: 2015 Japanese Society for Dialysis Therapy: Guidelines for renal
anemia in chronic kidney disease. Renal Replacement Therapy. Ren Replace Ther. 2017, 3:36.
10.1186/s41100-017-0114-y

20. Matsuo S, Imai E, Horio M, et al.: Revised equations for estimated GFR from serum creatinine in Japan . Am J
Kidney Dis. 2009, 53:982-92. 10.1053/j.ajkd.2008.12.034

21. Sugahara M, Tanaka T, Nangaku M: Prolyl hydroxylase domain inhibitors as a novel therapeutic approach
against anemia in chronic kidney disease. Kidney Int. 2017, 92:306-12. 10.1016/j.kint.2017.02.035

2023 Ito et al. Cureus 15(5): e39543. DOI 10.7759/cureus.39543 15 of 16

https://dx.doi.org/10.1161/01.CIR.0000134279.79571.73
https://dx.doi.org/10.1161/01.CIR.0000134279.79571.73
https://dx.doi.org/10.1681/ASN.2005030226
https://dx.doi.org/10.1681/ASN.2005030226
https://dx.doi.org/10.1007/s10157-015-1190-3
https://dx.doi.org/10.1007/s10157-015-1190-3
https://dx.doi.org/10.1093/ndt/gfg1084
https://dx.doi.org/10.1093/ndt/gfg1084
https://dx.doi.org/10.1111/j.1744-9987.2011.00931.x
https://dx.doi.org/10.1111/j.1744-9987.2011.00931.x
https://dx.doi.org/10.1016/s0272-6386(00)70334-9
https://dx.doi.org/10.1016/s0272-6386(00)70334-9
https://dx.doi.org/10.1159/000190270
https://dx.doi.org/10.1159/000190270
https://dx.doi.org/10.1111/j.1523-1755.2004.00797.x
https://dx.doi.org/10.1111/j.1523-1755.2004.00797.x
https://dx.doi.org/10.1111/j.1744-9987.2012.01082.x
https://dx.doi.org/10.1111/j.1744-9987.2012.01082.x
https://dx.doi.org/10.1007/s10157-018-1649-0
https://dx.doi.org/10.1007/s10157-018-1649-0
https://dx.doi.org/10.1371/journal.pone.0236132
https://dx.doi.org/10.1371/journal.pone.0236132
https://dx.doi.org/10.2337/diacare.26.4.1164
https://dx.doi.org/10.2337/diacare.26.4.1164
https://dx.doi.org/10.1093/qjmed/hcm080
https://dx.doi.org/10.1093/qjmed/hcm080
https://dx.doi.org/10.1155/2020/7692376
https://dx.doi.org/10.1155/2020/7692376
https://dx.doi.org/10.1159/000081058
https://dx.doi.org/10.1159/000081058
https://dx.doi.org/10.2337/dc08-0779
https://dx.doi.org/10.2337/dc08-0779
https://dx.doi.org/10.1159/000353592
https://dx.doi.org/10.1159/000353592
https://dx.doi.org/10.1111/j.2040-1124.2010.00060.x
https://dx.doi.org/10.1111/j.2040-1124.2010.00060.x
https://dx.doi.org/10.1186/s41100-017-0114-y
https://dx.doi.org/10.1186/s41100-017-0114-y
https://dx.doi.org/10.1053/j.ajkd.2008.12.034
https://dx.doi.org/10.1053/j.ajkd.2008.12.034
https://dx.doi.org/10.1016/j.kint.2017.02.035
https://dx.doi.org/10.1016/j.kint.2017.02.035


22. Akizawa T, Tanaka-Amino K, Otsuka T, Yamaguchi Y: Clinical parameters among patients in Japan with
anemia and non-dialysis-dependent chronic kidney disease with and without diabetes mellitus who received
roxadustat. Clin Exp Nephrol. 2022, 26:843-50. 10.1007/s10157-022-02225-w

23. Zhang L, Liu Y, Huang Y, et al.: Effect of roxadustat versus erythropoietin (EPO) for treating anemia in
patients with diabetic kidney disease: a retrospective cohort study. Ann Transl Med. 2022, 10:1224.
10.21037/atm-22-4344

24. Hirai K, Kaneko S, Minato S, et al.: Effects of roxadustat on anemia, iron metabolism, and lipid metabolism
in patients with non-dialysis chronic kidney disease. Front Med (Lausanne). 2023, 10:1071342.
10.3389/fmed.2023.1071342

25. Akizawa T, Tanaka-Amino K, Otsuka T, Yamaguchi Y: Factors affecting doses of roxadustat versus
darbepoetin alfa for anemia in nondialysis patients. Am J Nephrol. 2021, 52:702-13. 10.1159/000519043

26. Akizawa T, Iwasaki M, Otsuka T, Reusch M, Misumi T: Roxadustat treatment of chronic kidney disease-
associated anemia in Japanese patients not on dialysis: a phase 2, randomized, double-blind, placebo-
controlled trial. Adv Ther. 2019, 36:1438-54. 10.1007/s12325-019-00943-4

27. Chapter 3: use of ESAs and other agents to treat anemia in CKD . Kidney Int. 2012, 2:299-310.
10.1038/kisup.2012.35

28. Locatelli F, Covic A, Eckardt KU, Wiecek A, Vanholder R: Anaemia management in patients with chronic
kidney disease: a position statement by the Anaemia Working Group of European Renal Best Practice
(ERBP). Nephrol Dial Transplant. 2009, 24:348-54. 10.1093/ndt/gfn653

29. Zhu X, Jiang L, Wei X, Long M, Du Y: Roxadustat: not just for anemia . Front Pharmacol. 2022, 13:971795.
10.3389/fphar.2022.971795

30. Fischer MA, Stedman MR, Lii J, Vogeli C, Shrank WH, Brookhart MA, Weissman JS: Primary medication non-
adherence: analysis of 195,930 electronic prescriptions. J Gen Intern Med. 2010, 25:284-90. 10.1007/s11606-
010-1253-9

2023 Ito et al. Cureus 15(5): e39543. DOI 10.7759/cureus.39543 16 of 16

https://dx.doi.org/10.1007/s10157-022-02225-w
https://dx.doi.org/10.1007/s10157-022-02225-w
https://dx.doi.org/10.21037/atm-22-4344
https://dx.doi.org/10.21037/atm-22-4344
https://dx.doi.org/10.3389/fmed.2023.1071342
https://dx.doi.org/10.3389/fmed.2023.1071342
https://dx.doi.org/10.1159/000519043
https://dx.doi.org/10.1159/000519043
https://dx.doi.org/10.1007/s12325-019-00943-4
https://dx.doi.org/10.1007/s12325-019-00943-4
https://dx.doi.org/10.1038/kisup.2012.35
https://dx.doi.org/10.1038/kisup.2012.35
https://dx.doi.org/10.1093/ndt/gfn653
https://dx.doi.org/10.1093/ndt/gfn653
https://dx.doi.org/10.3389/fphar.2022.971795
https://dx.doi.org/10.3389/fphar.2022.971795
https://dx.doi.org/10.1007/s11606-010-1253-9
https://dx.doi.org/10.1007/s11606-010-1253-9

	Relationship Between the Effect of Roxadustat and Comorbid Diabetes in Non-dialyzed Chronic Kidney Disease Patients: A Retrospective Observational Study
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	FIGURE 1: Flowchart of patient selection.
	Statistical analyses

	Results
	TABLE 1: The clinical characteristics of the full analysis set (n=25) at baseline
	FIGURE 2: Changes in (A) the hemoglobin level, (B) the rate of hemoglobin target achievement, and (C) the each dose of roxadustat in the full analysis set.
	TABLE 2: Associations between the change in hemoglobin level and the clinical parameters at baseline
	TABLE 3: Associations between the rate of hemoglobin target achievement at 6 months after the initiation of roxadustat and the clinical parameters at baseline
	TABLE 4: Associations between each dose of roxadustat at 6 months after the initiation of roxadustat and the clinical parameters at baseline
	TABLE 5: Associations between the change in each dose of roxadustat 6 months after the initiation of roxadustat and the clinical parameters at baseline
	TABLE 6: Clinical characteristics in patients with and without diabetes at baseline
	FIGURE 3: Changes in (A) the hemoglobin level, (B) the rate of hemoglobin target achievement, and (C) the each dose of roxadustat in subjects with and without diabetes in the full analysis set.
	TABLE 7: Comparison of the changes in the hemoglobin levels, the rate of hemoglobin target achievement, and the each doses of roxadustat in patients with and without diabetes
	TABLE 8: All adverse events in the safety analysis set
	TABLE 9: Clinical characteristics of the subjects who discontinued roxadustat according to the adverse events

	Discussion
	Limitations of the study

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


