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Purpose: In this study, we examined the effects of dapagliflozin on changes in hematopoiesis, iron metabolism, and body composition
indices in elderly type 2 diabetic patients with renal impairment and investigated the potential of dapaglifiozin to treat renal anemia.
Patients and Methods: The participants were elderly type 2 diabetics with renal impairment, and the indices of diabetes manage-
ment, hematopoiesis, iron metabolism, and body composition were compared before and after dapagliflozin treatment.

Results: Fourteen subjects were given dapagliflozin 5 mg once daily for 12 weeks, three of whom had eligibility criteria deviations,
such as serum ferritin <50 ng/mL. For this purpose, 14 subjects were analyzed as full analysis set (FAS) and 11 as per-protocol set
(PPS). FAS analysis revealed that dapaglifiozin had no effect on hemoglobin Alc after 12 weeks but significantly decreased body mass
index, significantly increased hemoglobin, hematocrit, and red blood cell count, significantly decreased log ferritin level only of iron
metabolism index, and no important change in body water content. PPS analysis, on the other hand, revealed that dapaglifiozin 12-
week treatment showed a significant decrease in log hepcidin, serum iron, and transferrin saturation.

Conclusion: These findings suggest that a 12-week course of dapagliflozin causes an increase in hemoglobin levels due to its
hematopoietic effects in elderly type 2 diabetics with renal impairment, but that these effects may be independent of body water loss
and iron metabolism improvement.
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Introduction

Due to age-related decline in renal function, the proportion of chronic kidney disease (CKD) patients is increasing among
the elderly. Anemia is an independent risk factor for the development and progression of both cardiovascular disease
(CVD) and CKD in elderly patients with CKD and/or heart failure (HF).? The triad of HF, CKD, and anemia is known as
cardiorenal anemia syndrome, in which heart disease, kidney disease, and anemia interact in a vicious circle.’ The
management of anemia in CKD consists of iron therapy and synthetic derivatives of recombinant erythropoietin.*
However, treating anemia with darbepoetin alfa increased hemoglobin levels but did not reduce the risk of CV outcomes
in patients with HF.?

Sodium—glucose cotransporter 2 (SGLT2) inhibitors are known to have hemoglobin-increasing effects in patients with
type 2 diabetes mellitus.®® Their effects are inconsistent with their HbAlc-lowering effect.® In large clinical trials,
SGLT2 inhibitors have proven cardiorenal protection in patients with diabetic nephropathy, CKD, and HF.” '* In their
post-hoc analyses, SGLT2 inhibitors were reported to increase the rate of anemia correction and reduce the risk of
developing new anemia.'''* These findings suggest that the hemoglobin-increasing effect of SGLT2 inhibitors may also
be useful for anemia treatment. However, it is unknown whether SGLT2 inhibitors improve anemia in real-life clinical
practice in type 2 diabetics with renal impairment. In addition, the mechanisms by which SGLT2 inhibitors increase
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hemoglobin levels are not fully established. There is growing evidence that SGLT2 inhibitors may stimulate erythropoi-
esis by temporarily increasing erythropoietin and enhancing iron metabolism by suppressing hepcidin, whereas initially it
was assumed that it merely reflected hemoconcentration brought on by diuresis.'* '

Therefore, the present study aimed to investigate the effect of dapaglifiozin 5 mg once daily for 12 weeks on changes
in hematopoietic indices (red blood cell count, hemoglobin, hematocrit, reticulocyte count, erythropoietin), iron meta-
bolism indices (serum ferritin, serum iron, transferrin saturation [TSAT], hepcidin), and body composition (body water

content) in elderly type 2 diabetics with renal impairment.

Materials and Methods

Study Design

This open-label, single-arm, single-center, prospective observational study was conducted at Naka Kinen Clinic (Ibaraki,
Japan). Before the study, the Naka Kinen Clinic Clinical Research Ethics Review Committee reviewed and approved the
study protocol on both a scientific and ethical level. The registration number for this study in the University Hospital
Medical Information Network is UMIN000043519. All participants provided written informed consent before participa-
tion. This study was conducted in accordance with ethical principles based on the Declaration of Helsinki and in
compliance with ethical guidelines for human subjects’ medical research.

Study Subjects

Participants in the study who met the following criteria had insufficient glycemic control with diet and exercise and/or
treatment with hypoglycemic drugs other than SGLT2 inhibitors: (1) age of 60 years or older; (2) had a baseline
hemoglobin Alc (HbAlc) between 6.5% and 10%; (3) had estimated glomerular filtration rate (¢GFR) between 30 and
60 mL/min/1.73 m?; (4) renal anemia defined as having CKD and hemoglobin < 12.0 g/dL without iron deficiency
defined as serum ferritin levels > 50 ng/mL;'>'7 (5) had not changed the dosage of their diabetes medication,
erythropoiesis-stimulating agent (ESA), or iron from at least 8 weeks before the day of consent. Patients who met at
least one of the following criteria were excluded from the study: (1) had type 1 diabetes mellitus; (2) suffered from severe
ketosis, diabetic coma or pre-coma, severe infection, perioperative complication, or severe trauma; (3) had a severe renal
dysfunction (eGFR < 30 mL/min/1.73 m?); (4) had a history of any of the following diseases within the last 12 weeks
before the day of consent: acute coronary syndrome, cerebrovascular disease, myocarditis, constrictive pericarditis, or
severe valvular disease are all examples of such conditions; (5) had a cardiac function classification of IV according to
the New York Heart Association (NYHA); (6) had a body mass index (BMI) <18.5 kg/m?; (7) were pregnant, lactating,
or may be pregnant; or (8) diagnosed with cancer or suspected of having cancer; (9) were judged by the investigator to be
inappropriate for this study.

Outcome Measures

The primary efficacy endpoints of this study were changes in hematopoietic indices (red blood cell count, hemoglobin,
hematocrit, reticulocyte count, erythropoietin), and iron metabolism indices (serum ferritin, serum iron, TSAT, and
hepcidin) from baseline to week 12. The secondary endpoints were changes in body composition measured by
bioimpedance spectroscopy from baseline to week 12 in body fat mass, visceral fat mass, subcutaneous fat mass, lean
body mass, muscle mass, body water content, intracellular water content, extracellular water content, protein mass, and
mineral mass (X-SCAN PLUS, Owa Medical Co., Fukuoka, Japan). The routine clinical biochemistry tests and vital
signs, and safety were measured at baseline and weeks 4, 8, and 12. TSAT was computed using the following formula:
TSAT (%) equals serum iron/total iron binding capacity multiplied by 100. The urinary albumin-to-creatinine ratio
(UACR) in spot urine samples was calculated from urinary albumin and creatinine levels, and the eGFR was calculated
using age, body weight, gender, and serum creatinine. Hepcidin was measured at serum hepcidin-25 (the bioactive form)
level by a liquid chromatography-tandem-mass spectrometry (LC-MS/MS) method (LSI Medience Co., Tokyo, Japan).'®
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Statistical Analysis

Two analysis groups were set for the efficacy of this study: full analysis set (FAS) and per-protocol set (PPS), with FAS
being the primary analysis. The FAS population consisted of all eligible patients who received the study drug and had
hemoglobin readings at baseline and at least one time point during the observation period. The PPS was the population
from the FAS that did not deviate from the study protocol.

Data in all tables and figures are presented as the mean + standard deviation (SD). Because hepcidin and ferritin data
were not normally distributed; they were logarithmically transformed (log). A paired ¢-test was used to compare the mean
value at baseline and after 12 weeks of treatment. A two-sided P value < 0.05 was considered statistically significant.
Pearson’s correlation coefficient tests were used to determine the relationship between numerical variables. Statistical
analyses were performed using Prism ver. 8.4.3 software (GraphPad Software, Inc., San Diego, USA).

Results

Patients Disposition and Baseline Characteristics

This study was conducted from March 4, 2021, to March 31, 2022. A total of 14 subjects were treated with dapagliflozin
5 mg once daily for 12 weeks (FAS). The PPS included 11 subjects, and three were excluded due to deviations in
inclusion criteria, such as serum ferritin levels < 50 ng/mL. The baseline characteristics of the participants under FAS
analysis were summarized in Table 1. There were 6 men (42.9%) and 8 women (57.1%), with a mean age of 74.9 years,
BMI of 23.4 kg/m* HbAlc of 7.3%, hemoglobin of 11.6 g/dL, eGFR of 40.6 mL/min/1.73 m*, UACR of 334.5 mg/gCr,
systolic blood pressure of 137.2 mmHg, and total cholesterol of 176.6 mg/dL. At the outset, the most commonly
prescribed antidiabetic drug was a-glucosidase inhibitor (9 subjects), followed by metformin (7), insulin (7), dipeptidyl
peptidase-4 inhibitor (6), glucagon-like peptide-1 agonist (6), and glinide (2). Oral iron was prescribed in 2 subjects, and
no ESA was prescribed. Of the 13 hypertensive subjects, 11 were treated with an angiotensin II receptor blocker. Of the

11 dyslipidemia patients, 5 were treated with a statin.

Changes in Hemoglobin Level at Each Time Point and the Other Hematopoiesis
Indices Levels

The changes in hemoglobin level from baseline to weeks 4, 8, and 12 are shown in Figure 1. FAS and PPS baseline
hemoglobin levels were 11.6 = 0.6 and 11.6 £ 0.7, respectively. In both FAS and PPS, 4 weeks of dapaglifiozin treatment
had no significant effect on mean hemoglobin levels compared with baseline. Mean hemoglobin levels in FAS increased

Table | Baseline Characteristics of All Treated Patients

Variables Full Analysis Set
n (male/female) 14 (6/8)

Age, years 749 £ 55
BMI, kg/m? 234+ 19
HbAlc, % 73 %09
Hemoglobin, g/dL 11.6 + 0.6
eGFR, mL/min/|.73m? 40.6 + 8.2
UACR, mg/gCr 3345 + 4858
Systolic blood pressure, mmHg 137.2 £ 123
Diastolic blood pressure, mmHg 73.0+72
Total cholesterol, mg/dL 176.6 + 32.4
HDL cholesterol, mg/dL 57.0 % 0.1

Note: Data are expressed as the mean * standard deviation.

Abbreviations: BMI, body mass index; HbAlc, hemoglobin Alc; eGFR,
estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine

ratio; HDL, high-density lipoprotein.

Diabetes, Metabolic Syndrome and Obesity 2023:16

1801

Dove:


https://www.dovepress.com
https://www.dovepress.com

Osonoi et al Dove

FA

n

N w
1 |

—

1
000000 ¢ O

*
oane® 60 ¢

o

1

[ ]

|
([ X XX J
—+—

Change in hemoglobin
from baseline (g/dL)

1 °
'2 1 1 1 |
0 4 8 12
Week
PPS
3_
S - ° °
S
o3 24 °
) 3T.
§ S 1- S
£33 ] i
c w0 °
- © 0_ @— s . { ...........................
g o
c € L
2 8 17 .
o\l—
-2 T T T T
0 4 8 12

Week

Figure | The changes in hemoglobin levels from baseline at 4, 8, and 12 weeks after the start of dapagliflozin treatment in the full analysis set (FAS) (upper panel) and per-
protocol set (PPS) (lower panel). *P < 0.05, **P < 0.01 vs 0 weeks by paired t-test.

significantly at weeks 8 and 12, and in PPS at week 12. At week 12, all subjects had increased hemoglobin levels over
baseline. The increase in hemoglobin levels following dapaglifiozin administration did not differ between FAS and PPS.

The changes in hematocrit, red blood cell count, reticulocyte count, and serum erythropoietin level from baseline to
week 12 are shown in Figure 2. Hematocrit and red blood cell count increased significantly in both FAS and PPS 12
weeks after the start of dapaglifiozin treatment; however, reticulocyte count and serum erythropoietin levels did not
change in either group.

Changes in Iron Metabolism Indices Levels

The changes in log hepcidin, log ferritin, TSAT, and serum iron level from baseline to week 12 are shown in Figure 3. In
FAS, log ferritin decreased significantly 12 weeks after the start of dapagliflozin treatment; however, the other iron
metabolism indices did not change. In PPS, log hepcidin, log ferritin, TSAT, and serum iron level showed a significant
reduction after treatment with dapagliflozin.

Correlation analysis was used to investigate the relationship between the change in log hepcidin and the change in log
ferritin, iron, TSAT, or hemoglobin at week 12. There was a significant correlation between each parameter value of log
hepcidin change and log ferritin change (correlation coefficient r = 0.78, P < 0.01), iron (r = 0.53, P < 0.05), TSAT (r = 0.64,
P < 0.05), but not hemoglobin change (r = 0.08) (Figure 4).
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Figure 2 The changes in hematocrit, red blood cell count, reticulocyte count, and serum erythropoietin level between baseline and 12 weeks after the start of dapagliflozin
treatment in the full analysis set (FAS) (upper panel) and per-protocol set (PPS) (lower panel). **P < 0.01 vs 0 weeks by paired t-test.

Changes in Body Composition Indices Levels

Body weight decreased significantly from baseline after 12 weeks of dapaglifiozin treatment in both FAS and PPS
(Table 2). In FAS, a significant decrease in mineral mass was also observed, but its rate was low. Body fat mass, lean
body mass, body water content, intracellular water, and extracellular water levels in FAS and PPS did not change
significantly from baseline after 12 weeks of dapagliflozin treatment (Table 2). There was no significant relationship
between the change in hemoglobin and the change in mineral mass (r = —0.03) or body water content (r = 0.23)
(Figure 5).

Changes in HbAlc, BMI, and eGFR Levels

HbAlc levels were not importantly decreased after 12 weeks of dapagliflozin treatment compared to baseline in both
FAS and PPS (Figure 6). BMI and eGFR levels decreased significantly from baseline after 12 weeks of dapagliflozin
treatment in both FAS and PPS (Figure 6).

Discussion
Even the low dose of dapaglifiozin (5 mg) used in this study was found to increase red blood cell count, hemoglobin, and
hematocrit levels in elderly type 2 diabetics with renal impairment. Furthermore, increased hemoglobin levels occurred
without diuretic volume depletion or improvement in iron metabolism. These findings suggest that dapaglifiozin has an
erythropoietic effect and can help improve anemia in people with CKD.

The FAS included three subjects in this study with serum ferritin levels < 20 ng/mL (two of whom received oral iron),
while the PPS excluded them from the analysis. The PPS, but not the FAS, showed that the treatment of dapaglifiozin
was associated with improved iron metabolism in type 2 diabetics with renal anemia. After 12 weeks of dapaglifiozin
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Figure 3 The changes in log hepcidin, log ferritin, TSAT, and serum iron level between baseline and 12 weeks after the start of dapagliflozin treatment in the full analysis set
(FAS) (upper panel) and per-protocol set (PPS) (lower panel). *P < 0.05, **P < 0.01 vs 0 weeks by paired t-test. TSAT, transferrin saturation.

treatment, type 2 diabetics with normal serum ferritin and hemoglobin levels showed an increase in hemoglobin and
a decrease in hepcidin.'® Based on these findings, SGLT2 inhibitors may improve iron metabolism differently in patients
with and without iron deficiency. However, in a subanalysis of the DAPA-HF trial (Dapagliflozin and Prevention of
Adverse-Outcomes in Heart Failure), dapaglifiozin was associated with increased hemoglobin and decreased hepcidin
compared with placebo, regardless of the presence of iron deficiency.'® More research is needed to determine the effects
of SGLT2 inhibitors on iron metabolism in patients with low serum ferritin levels (50 ng/mL or less).

Hepcidin is known to be a key regulator of iron metabolism.?’ Dapagliflozin decreased log hepcidin in this study, and
there was a significant correlation between the change in log hepcidin and the change in log ferritin, iron, and TSAT.
However, after 12 weeks of dapagliflozin treatment, changes in log hepcidin did not correlate with changes in
hemoglobin. The reasons for this observation are unknown; however, it has been proposed that there is a mechanism
by which an increase in hemoglobin with SGLT2 inhibitors is not associated with an improvement in iron metabolism.

Several previous clinical trials®® have shown that using SGLT?2 inhibitors increases hemoglobin levels over time
regardless of renal impairment. This was thought simply to reflect volume contraction due to diuresis.'* Recently, it was
reported that treatment with dapagliflozin has resulted in clinically meaningful increase in hemoglobin due to a diuretic
effect (early phase; within 4 weeks) and increased erythropoiesis (late phase; beyond 4 weeks).?! In this study, after 12
weeks of dapaglifiozin treatment, there was no change in body water content and no correlation between the change in
hemoglobin and change in body water content. In addition, dapaglifiozin induces a long-term and dose-dependent
elevation in hematocrit that is preserved in patients receiving concomitant insulin treatment, including chronic insulin

therapy.”” Insulin is known to have a sustained antinatriuretic effect with concomitant increase in extracellular fluid
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Figure 4 Relationship between the change in log hepcidin and the change in log ferritin, iron, transferrin saturation (TSAT), or hemoglobin at week 2. r, correlation
coefficient.

volume.®** Thus, the increase in hemoglobin caused by dapaglifiozin cannot be explained by diuretic volume
contraction.

The increase in hemoglobin caused by SGLT?2 inhibitors is suggested to be due to hematopoiesis; however, the details
of the mechanism could not be elucidated. After 4 weeks of treatment, SGLT2 inhibitors temporarily increased serum
erythropoietin levels.'*'>? In contrast, no increase in serum erythropoietin levels was observed after 12 weeks of
dapaglifiozin treatment in this study. Thus, the increase in erythropoietin levels caused by SGLT2 inhibitors does not
explain the persistent increase in hematocrit. It has been reported that the hypoxia—inducible factor prolyl hydroxylase
inhibitor roxadustat increases erythropoietin levels within the physiological range, with a peak at 4 hours after admin-
istration and returns to baseline levels within 2448 hours.?® Therefore, to confirm the effect of SGLT2 inhibitors on
erythropoietin, it is necessary to consider diurnal variation.

To prevent the progression of anemia in patients with CKD, renal function must be maintained or improved.
Treatment with SGLT2 inhibitors induces an initial decline in GFR. This decline is reaching a nadir within 1-2 weeks

Table 2 Changes in Body Composition Indices Levels

Variables Full Analysis Set (n = 14) Per-Protocol Set (n = 11)
Week 0 Week 12 P value Week 0 Week 12 P value

Body weight, kg 55.8 +85 54.7 £ 87 <0.01 573 +88 56.3 + 838 0.02
Body fat mass, kg 11.8 +3.8 11.8 42 0.91 10.7 £ 2.8 10.7 £ 3.6 0.99
Lean body mass, kg 440+ 102 | 429100 | 0.19 46.6 + 9.6 456 + 9.3 0.32
Mineral mass, kg 33+05 32105 0.02 34+06 33+£05 0.11
Muscle mass, kg 40.7 £ 9.6 39.7£95 0.21 433 £ 9.1 423 +88 0.34
Protein mass, kg 9.1 £23 89+23 0.29 97 £22 9.5 2.1 0.42
Body water content, kg | 31.6 +7.3 30972 0.19 336 69 328 £ 6.7 0.32
Intracellular water, kg 19.5 + 4.6 18.8 + 4.7 0.10 209 + 4.1 20.1 £+ 45 0.15
Extracellular water, kg | 12.1 + 3.0 12.1 £2.7 0.90 12.7 + 3.1 127 £ 2.6 0.92

Note: Data are expressed as the mean * standard deviation.
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Figure 6 In the full analysis set (FAS) (upper panel) and per-protocol set (PPS), the changes in HbAlc, BMI, and eGFR levels between baseline and 12 weeks after the start of
dapagliflozin treatment are shown (lower panel). **P < 0.01 vs 0 weeks by paired t-test.
Abbreviations: HbAlc, hemoglobin Alc; BMI, body mass index; eGFR, estimated glomerular filtration rate.

and slowly returns toward pretreatment values over the next 3-9 months.?” Dapagliflozin 5 mg for 12 weeks significantly
reduced eGFR in elderly type 2 diabetics with renal impairment in this study. In addition, dapagliflozin did not decrease
the HbAlc level. Because a decrease in GFR decreases the amount of glucose delivered into the proximal tubules, the
HbA lc-lowering efficacy of SGLT2 inhibitors decreases roughly in line with a decrease in GFR.® As a result, the
improvement of erythropoiesis by dapagliflozin was independent of its effects on GFR or HbAlc levels.

The small sample size, short duration, and lack of a comparator group limit the study’s ability to draw definitive
conclusions. However, several studies have already reported on the erythropoiesis-stimulating effects of SGLT2

1806 "= Diabetes, Metabolic Syndrome and Obesity 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Osonoi et al

inhibitors.'*'® Furthermore, the consistency of dapagliflozin’s effect on hematocrit, hemoglobin, and red blood cell
count, as well as the extensive replication of similar findings with other SGLT2 inhibitors in multiple populations, lends
robustness to our findings.

Conclusion

In conclusion, even the low dose of dapagliflozin (5 mg) used in the present study improved erythropoiesis, including an
increase in red blood cell count, hemoglobin, and hematocrit levels. Furthermore, in patients with high baseline ferritin
levels (>50 ng/mL), the use of dapaglifiozin was observed to have hematopoietic effects, including improved iron
metabolism. These patients are presumed to have renal anemia due to CKD, not iron deficiency anemia. However, serum
hepcidin and body water content were not associated with an increase in hemoglobin, implying that dapagliflozin use is
associated with an increase in hemoglobin levels regardless of iron status or volume contraction. According to these
findings, dapagliflozin improves erythropoiesis and iron metabolism in elderly type 2 diabetics with renal anemia.
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