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Abstract: (Word count = 199/200)
Aims: Anemia is common in type 2 diabetes (T2D), particularly in patients with kidney
impairment, and often goes unrecognized. Dapagliflozin treatment increases hemoglobin and
serum erythropoietin levels. We investigated the effect of dapagliflozin 10-mg/day on
hemoglobin in T2D patients with and without anemia.
Methods: Data from 5325 patients from 14 placebo-controlled, dapagliflozin-treatment
studies of at least 24-weeks duration were pooled. Dapagliflozin’s effects (vs. placebo) on
hemoglobin, serum albumin, estimated glomerular filtration rate (eGFR), systolic blood
pressure, body weight, and safety in patients with and without anemia were evaluated.
Results: At baseline, 13% of all T2D patients and 28% of those with chronic kidney disease
(eGFR <60 mL/min/1.73 m2) had anemia. Hemoglobin increased continuously to at least
week 8 and was sustained throughout 24-weeks follow-up in dapagliflozin-treated patients.
Serum albumin increased in dapagliflozin-treated patients at week 4 and remained stable
thereafter. Dapagliflozin was well tolerated and corrected anemia in 52% of patients with
anemia at baseline (placebo: 26%). Incidences of new-onset anemia were lower in
dapagliflozin-treated (2.3%) versus placebo-treated (6.5%) patients.
Conclusions: Treatment with dapagliflozin can correct and prevent anemia in T2D patients.
A gradual increase in hemoglobin beyond week 4 indicates an erythropoiesis-stimulating
effect of sodium-glucose cotransporter 2 inhibition.

Key words: Anemia, Chronic kidney disease, Dapagliflozin, Hemoglobin, Type 2 diabetes

Running title: Correction of diabetic anemia with dapagliflozin
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1. Introduction
Anemia is a common comorbidity in patients with diabetes and chronic kidney
disease (CKD).1, 2 Furthermore, in patients with diabetes, anemia occurs earlier during the
course of kidney disease progression and is more severe than in patients without diabetes.1-3
Additionally, anemia has been identified as an independent predictor of CKD progression,
regardless of the presence of diabetes.4 In patients with diabetes, anemia is also a risk factor
for adverse cardiovascular disease (CVD) outcomes, such as myocardial infarction/fatal
coronary heart disease, stroke, and all-cause mortality, especially if individuals also have
CKD.5 In patients with heart failure, anemia is associated with an increased risk of
hospitalization and all-cause mortality.6-9 However, although anemia is common in patients
with diabetes and CKD, it often remains unrecognized.2, 10
Sodium-glucose cotransporter 2 inhibitors (SGLT2i) are a class of oral
glucose-lowering agents approved for the treatment of type 2 diabetes (T2D).11 Treatment of
patients with T2D with dapagliflozin, a highly selective SGLT2i, is associated with
stabilization of estimated glomerular filtration rate (eGFR) and reductions in glycated
hemoglobin (HbA1c), systolic blood pressure (SBP), body weight, and albuminuria.12-15
Studies have shown a small and consistent increase in hematocrit with dapagliflozin
treatment in patients with T2D and normal kidney function.16,17 This hematocrit elevation,
associated with dapagliflozin treatment, has been attributed to hemoconcentration due to a
mild diuretic effect resulting in a decrease in plasma volume.14 In addition to its effect on
hematocrit, SGLT2i result in a transient increase in reticulocyte count and serum
erythropoietin concentration.14,18 Further investigation of the effect of dapagliflozin on
hemoglobin (Hb) concentration is therefore warranted. The objective of the current post hoc
analysis was to evaluate the effect of dapagliflozin 10-mg/day treatment over 24 weeks on Hb
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concentrations, serum albumin, eGFR, SBP, and body weight in patients with T2D with and
without anemia at baseline.

2. Materials and methods
2.1 Study design
This post hoc analysis pooled data from 14 placebo-controlled, phase 2 and 3,
double-blind clinical trials in patients with T2D (N = 5325; Supplementary Table 1). To
examine the effect of dapagliflozin in patients with established anemia and to help
differentiate between hemoconcentration and hematopoietic effects, we divided the
population according to baseline Hb into anemia (Hb <13 g/dL in men and <12 g/dL in
women) and no-anemia groups based on criteria defined by the World Health Organization.
Fourteen trials included dapagliflozin monotherapy treatment arms and were included in the
analysis. All trials were part of the dapagliflozin clinical development program and were not
designed to examine the effect of dapagliflozin on anemia. The trial protocols did not include
specific recommendations or restrictions regarding diet or supplemental iron. Information on
patient ethnicity was not recorded across all trial sites and is, therefore, not reported in the
current analysis, although data on race were available and are reported. All clinical study
protocols were approved by the relevant institutional review board/ethics committee, and
written informed consent was provided by the enrolled patients. The trials were conducted in
accordance with the principles of the Declaration of Helsinki.

2.2 Outcomes
We evaluated the change in Hb over 24 weeks in patients receiving dapagliflozin or
placebo in the anemia and no-anemia groups. Blood samples were collected and analyzed at a
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central laboratory as part of the standard clinical trial safety assessment during the individual
clinical trials; Hb was measured at baseline and at weeks 4, 8, 12, 16, 20, and 24. We
evaluated the change in Hb in patients with or without baseline anemia and determined the
proportion of patients with baseline anemia who were no longer anemic at week 24.
Changes from baseline to week 24 in eGFR (calculated using the Modification of Diet
in Renal Disease Study equation), serum albumin, SBP, and body weight were also
evaluated. CKD was defined as eGFR <60 mL/min/1.73 m2. Safety outcomes included the
occurrence of adverse events (AEs) and serious adverse events (SAEs), including those of
special interest (renal impairment, urinary tract infection, and volume depletion). Occurrence
of polycythemia (Hb >16.5 g/dL in men and >16.0 g/dL in women) was also evaluated.
2.3 Statistical analysis
Descriptive statistics were used for presenting baseline characteristics and safety data.
For efficacy parameters, the mean changes from baseline values and 95% confidence
intervals (CIs) using a longitudinal repeated-measures mixed model with fixed terms for
study, treatment, week, group, week-by-treatment interaction, treatment-by-group interaction,
week-by-group interaction, and treatment-by-week-by-group interaction, along with the fixed
covariates of baseline, baseline-by-study interaction, and baseline-by-week interaction, were
derived. The Kenward-Roger method was used to approximate the degrees of freedom in the
mixed model. In the event that the model(s) did not converge, either the Satterthwaite
approximation was employed or the models were re-run using the Kenward-Roger method
with the baseline-by-study and baseline-by-week terms removed.
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3. Results
3.1 Baseline characteristics
A total of 5325 patients were included in the study: 700 (13%) in the anemia group
and 4625 (87%) in the no-anemia group (Table 1). In total, 1168 patients (21.9%) had CKD
and anemia was more common in this group (28% vs. 9% with and without CKD,
respectively; Supplementary Fig. 1).
Overall, 46.3% of patients in the anemia group had CKD (mean eGFR: 66.3
mL/min/1.73 m2) compared with 18.3% of patients in the no-anemia group (mean eGFR:
78.6 mL/min/1.73 m2). Additionally, 49.3% of patients with anemia had increased
albuminuria (urine albumin-to-creatinine ratio [UACR] >30 mg/g) at baseline (median
UACR = 30 mg/g) compared with 30.1% of patients with no anemia (median UACR = 11
mg/g).
Patients with anemia were slightly older (mean age: 63 vs. 59 years), had a longer
history of T2D (mean duration: 14 vs. 9 years), and were more often black/African American
(10% vs. 3%).
3.2 Effect of dapagliflozin on Hb concentrations
Treatment with dapagliflozin resulted in a gradual increase in Hb concentration (Fig.
1A). In the anemia group, the adjusted mean changes in Hb from baseline at week 24 were
0.81 g/dL (95% CI: 0.68, 0.93) with dapagliflozin and 0.28 g/dL (95% CI: 0.15, 0.41) with
placebo. The placebo-adjusted mean change in Hb upon treatment with dapagliflozin at week
24 was 0.53 g/dL (95% CI: 0.38, 0.68). In the no-anemia group, the adjusted mean changes in
Hb from baseline at week 24 were 0.56 g/dL (95% CI: 0.53, 0.61) with dapagliflozin and
−0.20 g/dL (95% CI: −0.23, −0.16) with placebo. The placebo-adjusted mean change in Hb
upon treatment with dapagliflozin at week 24 was 0.76 g/dL (95% CI: 0.72, 0.81). The
placebo-adjusted increase in Hb upon treatment with dapagliflozin in patients with anemia
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was numerically lower compared with the increase in Hb in patients without anemia (p =
0.0007 [treatment-by-subgroup interaction at week 24]; Fig. 1A).
Treatment with dapagliflozin resulted in a decrease in the percentage of patients with
anemia from 13% at baseline to 8% at week 24 (Supplementary Fig. 2). Hence, more patients
treated with dapagliflozin achieved correction of anemia at the end of week 24 (52%)
compared with those receiving placebo (26%). Thus, the difference in the proportion of
patients who had anemia at baseline but had no anemia at week 24 was 26% (95% CI: 19.1,
33.4; Fig. 1B) between patients treated with dapagliflozin and those treated with placebo. In
the group with no anemia at baseline, the incidence of new-onset anemia at week 24 was
lower in patients treated with dapagliflozin (2.3%) versus those treated with placebo (6.5%;
difference from placebo of −4.2; 95% CI: −5.4, −3.0; Fig. 1C).
3.3 Effect of dapagliflozin on serum albumin and body weight
Treatment with dapagliflozin resulted in a similar initial increase in serum albumin at
week 4 in both patients with and without anemia, which remained stable thereafter until week
24 (Fig 2A). The adjusted mean changes from baseline at week 24 were 0.11 g/dL (95% CI:
0.07, 0.16) for dapagliflozin and 0.05 g/dL (95% CI: 0.01, 0.09) for placebo in patients with
anemia. In patients with no anemia, the adjusted mean changes in serum albumin from
baseline at week 24 were 0.04 g/dL (95% CI: 0.03, 0.06) and −0.02 g/dL (95% CI: −0.03,
−0.01) for treatment with dapagliflozin and placebo, respectively. The placebo-adjusted mean
changes in serum albumin upon treatment with dapagliflozin at week 24 were 0.06 g/dL
(95% CI: 0.02, 0.10) for patients with anemia and 0.06 g/dL (95% CI: 0.05, 0.08) for patients
with no anemia (p = 0.9746 [treatment-by-subgroup interaction at week 24]).
Patients in both the anemia and no-anemia groups showed a similar decrease in body
weight upon treatment with dapagliflozin (p = 0.8275 [treatment-by-subgroup interaction at
week 24]; Fig. 2B). The adjusted mean changes in body weight from baseline at week 24 in
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the anemia group were −1.98 kg (95% CI: −2.46, −1.51) and −0.12 kg (95% CI: −0.60, 0.37)
with dapagliflozin and placebo, respectively. The placebo-adjusted mean change in body
weight upon treatment with dapagliflozin at week 24 was −1.87 kg (95% CI: −2.43, −1.30).
The adjusted mean changes in body weight from baseline at week 24 in the no-anemia group
were −2.18 kg (95% CI: −2.31, −2.04) and −0.27 kg (95% CI: −0.41, −0.14) with
dapagliflozin and placebo, respectively. The placebo-adjusted mean change in body weight
upon treatment with dapagliflozin at week 24 was −1.90 kg (95% CI: −2.09, −1.72).
3.4 Effect of dapagliflozin on SBP and eGFR
Patients in both the anemia and no-anemia groups showed a decrease in SBP at week
4 upon treatment with dapagliflozin (Fig. 2C), which then remained stable until week 24 (p =
0.7673 [treatment-by-subgroup interaction at week 24]). In the anemia group, the adjusted
mean changes in SBP from baseline at week 24 were −6.27 mm Hg (95% CI: −8.27, −4.27)
and −2.97 mm Hg (95% CI: −5.02, −0.93) upon treatment with dapagliflozin and placebo,
respectively. The placebo-adjusted mean change in SBP upon treatment with dapagliflozin at
week 24 was −3.29 mm Hg (95% CI: −5.45, −1.13). The adjusted mean changes in SBP from
baseline at week 24 in the no-anemia group were −3.71 mm Hg (95% CI: −4.23, −3.18) and
−0.76 mm Hg (95% CI: −1.29, −0.22) upon treatment with dapagliflozin and placebo,
respectively. The placebo-adjusted mean change in SBP upon treatment with dapagliflozin at
week 24 was −2.95 mm Hg (95% CI: −3.66, −2.24).
Treatment of patients in the anemia and no-anemia groups with dapagliflozin resulted
in an initial decrease in eGFR at week 4, which then remained stable until week 24 (Fig. 2D).
The adjusted mean changes in eGFR from baseline at week 24 in the anemia group were
−0.76 mL/min/1.73 m2 (95% CI: −2.39, 0.86) and 1.25 mL/min/1.73 m2 (95% CI: −0.40,
2.91) upon treatment with dapagliflozin and placebo, respectively. The placebo-adjusted
mean change in eGFR upon treatment with dapagliflozin at week 24 was −2.02 mL/min/1.73
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m2 (95% CI: −3.83, −0.20). The adjusted mean changes in eGFR from baseline at week 24 in
the no-anemia group were −1.96 mL/min/1.73 m2 (95% CI: −2.44, −1.49) and −1.07
mL/min/1.73 m2 (95% CI: −1.56, −0.58) upon treatment with dapagliflozin and placebo,
respectively. The placebo-adjusted mean change in eGFR upon treatment with dapagliflozin
at week 24 was −0.89 mL/min/1.73 m2 (95% CI: −1.54, −0.24). The decrease in eGFR upon
treatment with dapagliflozin was similar in patients with and without anemia (p = 0.2536
[treatment-by-subgroup interaction at week 24]).
3.5 Adverse events
AEs were more common in patients with anemia (62.1%) than in patients without
anemia (57.1%). In patients with anemia, AEs were observed in 64.2% (n = 228/355) of
patients treated with dapagliflozin versus 59.9% (n = 209/349) of patients treated with
placebo and SAEs were observed in 10.1% (n = 36/355) and 8.0% (n = 28/349) of patients in
the dapagliflozin and placebo groups, respectively (Table 2). In the anemia group, 23 patients
(6.5%) treated with dapagliflozin and 14 patients (4%) treated with placebo showed AEs with
symptoms suggestive of renal impairment (Supplementary Table 2). AEs with symptoms
suggestive of urinary tract infection were seen in 11 patients (3.1%) treated with
dapagliflozin versus 17 patients (4.9%) treated with placebo. Additionally, AEs with
symptoms suggestive of volume depletion were observed in 12 patients (3.4%) treated with
dapagliflozin versus 3 patients (0.9%) treated with placebo.
Overall, 182 patients (7%) treated with dapagliflozin developed polycythemia at week
24 as compared with 31 patients (1%) treated with placebo (Supplementary Fig. 3). The mean
(minimum/maximum) Hb values at week 24 last observation carried forward (LOCF) in
patients who developed polycythemia at week 24 were 16.9 (16.1/18.8) g/dL in patients
treated with dapagliflozin and 17.1 (16.1/19.8) g/dL in patients treated with placebo
(Supplementary Table 3).
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4. Discussion
This post hoc analysis investigated the effects of dapagliflozin in patients with T2D
with and without anemia. Already at week 4 an increase in Hb was observed in patients
treated with dapagliflozin, which gradually further increased to at least week 8 and was
thereafter sustained throughout the follow-up period. This is similar to results from the
EMPA-REG OUTCOME trial, showing a sustained increase in Hb by 0.6-0.8 mg/dL over
164 weeks of treatment with empagliflozin.19 Furthermore, treatment with dapagliflozin
corrected and prevented anemia in some patients. Overall, dapagliflozin was well tolerated in
patients with or without anemia.
At the end of week 24, treatment with dapagliflozin of patients who had anemia at
baseline was associated with correction of anemia in 52% of patients as compared with 26%
of patients treated with placebo. Further, in patients with no anemia at baseline, the
proportion of patients with incident anemia at week 24 was lower among patients treated with
dapagliflozin, which suggested that dapagliflozin may have had a protective effect against the
development of anemia in this patient group.
The increase in Hb during the first 4 weeks of treatment with dapagliflozin could be
attributed to the small contraction in plasma volume exerted by the mild diuretic effect of
dapagliflozin,14,20 and is consistent with the increase in serum albumin and the decrease in
SBP over the same period. This is in line with the mild increase in serum albumin that has
been observed during the first week after SGLT2 inhibition without further increase
thereafter.21 However, the increase in Hb observed beyond week 4 indicates that stimulation
of erythropoiesis rather than hemoconcentration is involved.18,22,23
The causes of anemia in this study are unknown but CKD is likely to be a contributing
factor, as patients with anemia had a lower eGFR; hence, factors involved in the pathogenesis
of renal anemia may be the underlying cause of anemia in this population. Contraction in

Feb 25, 2020

ASZ01-MSS-200691
DAPA Anemia

Confidential

Page 12 of 32

plasma volume seems to be similar in all patients, as the increase in Hb and serum albumin
was comparable in patients with and without anemia during the first 4 weeks of treatment.
The stimulation of erythropoiesis with dapagliflozin beyond week 8 seems to be weaker in
patients with anemia. The etiology of renal anemia in patients with CKD is complex and
multifactorial24 and SGLT2i may have a limited effect on these mechanisms.
Several potential mechanisms beyond hemoconcentration could explain the sustained
increase in Hb following dapagliflozin treatment. Studies have demonstrated that in patients
with T2D, administration of SGLT2i is associated with increases in serum erythropoietin
concentration until this peaks at 2-4 weeks after the start of treatment.14, 25, 26 It has been
proposed that in patients with T2D, SGLT2i reduces the workload of the proximal tubules,
which leads to a decrease in tubulointerstitial hypoxia, resulting in a reversal of the hypoxiainduced injury caused to “neural crest derived” fibroblasts, which in turn enables these cells
to once again produce erythropoietin.22 Thus, beyond week 4, the longer-term increase in Hb
in response to dapagliflozin treatment can be possibly attributed to the generation and release
of erythropoietin by the kidneys.
Another potential mechanism that could explain the increase in Hb levels upon
treatment with dapagliflozin is the stimulation of the synthesis and release of arginine
vasopressin (AVP) triggered by the reduction in plasma volume caused by the diuretic effect
of dapagliflozin.20 Treatment of patients with T2D with dapagliflozin has been shown to
induce a small but significant increase in circulating copeptin, a surrogate marker for AVP.20
As AVP has been demonstrated in experimental anemia settings to rapidly increase red blood
cell count and stimulate erythropoiesis in an erythropoietin-independent manner,23 AVPdependent mechanisms could explain, at least in part, the increases in Hb with dapagliflozin
treatment.
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Patients with anemia were older and had T2D for a longer duration, and there was
also a higher proportion of blacks/African Americans in this group. They also had a lower
mean eGFR and a higher UACR compared with patients without anemia. This was expected,
given the known correlation between the incidence of anemia and factors such as age,
duration of T2D, and CKD.27,28 Average levels of Hb, hematocrit, and mean corpuscular
volume have been found to be lower in African Americans compared with whites.29 Analysis
of the baseline characteristics also demonstrated that 28% of patients with eGFR <60
mL/min/1.73 m2 had anemia compared with 9% of patients with eGFR ≥60 mL/min/1.73 m2.
A similar correlation between advanced CKD and anemia in patients with T2D has been
demonstrated in other studies.2,30
Dapagliflozin was generally well tolerated, with the proportion of patients with AEs
being slightly higher in the anemia group versus the no-anemia group. This could be because
of the lower mean eGFR and longer duration of T2D at baseline in patients with anemia
versus those without anemia. Mild polycythemia developed in 7% of patients treated with
dapagliflozin and 1% of patients treated with placebo. This mild polycythemia has not been
found to pose a risk of blood clots leading to heart attacks or stroke.31,32 Instead, treatment
with SGLT2i has been shown to lead to a decrease in the risk of cardiovascular events in
patients with T2D with or without CKD.33-36 An exploratory mediation analysis of the timedynamic evolution of the potential mediators and the outcome of cardiovascular death of the
EMPA-REG OUTCOME trial demonstrated that changes in hematocrit and Hb mediated
51.8% and 48.9%, respectively, of the effect of empagliflozin on the reduction in the risk of
cardiovascular death in patients with T2D and established CVD;19 similar results were shown
in a mediation analysis from the CANVAS Program in patients with T2D and heart failure.37
An initial increase in hematocrit with empagliflozin followed by stabilization from baseline
to week 164 was observed compared with no notable change in the placebo group. 19
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Dapagliflozin, in addition to its antiglycemic effect, could play a cardio-protective role by a
diversity of other mechanisms, including its effect on Hb concentration. Since anemia is also
an independent risk factor for rapid CKD progression,4 improved Hb levels may contribute to
the SGLT2i benefit on kidney function decline.
A strength of this analysis is that pooled data were used, providing an overview of a
large patient population. A limitation, however, was that some of the endpoints were not
included in the original studies. Data on serum erythropoiesis markers, such as iron, ferritin,
transferrin, hepcidin, and reticulocytes, were also not available.
5.

Conclusions
In conclusion, treatment with dapagliflozin resulted in clinically meaningful increases

in Hb concentration in patients with T2D and resulted in correction and prevention of anemia.
The mechanism may be a combination of hemoconcentration due to a diuretic effect (early
phase) and increased erythropoiesis (late phase). Further studies would be required to
elucidate the mechanisms by which dapagliflozin increases and maintains Hb at a higher
level in patients with T2D.

Feb 25, 2020

ASZ01-MSS-200691
DAPA Anemia

Confidential

Page 15 of 32

Acknowledgments
The authors thank all the site investigators and patients who participated in the clinical trials.
Medical writing support, in accordance with GPP guidelines, was provided by Swapnil Kher,
PhD, of Cactus Life Sciences (part of Cactus Communications), and was funded by
AstraZeneca.

Declarations of interest
B.V.S., C.D.S., P.J.G., and P.S. are employees and shareholders of AstraZeneca. H.J.L.H. is
a consultant to AbbVie, Astellas, AstraZeneca, Boehringer Ingelheim, Janssen, and ZSPharma (honoraria were paid to his employer). D.C.W. has received consultancy fees or
honoraria from Amgen, AstraZeneca, Bayer, Boehringer Ingelheim, GlaxoSmithKline,
Janssen, Napp, Mundipharma, Pharmacosmos, Reata, and Vifor Fresenius. V.C. is a former
employee of AstraZeneca and owns AstraZeneca stock. R.C.R. has received honoraria from
AbbVie, AstraZeneca, GlaxoSmithKline, and Boehringer Ingelheim, and has lectured for
Amgen, Janssen, Takeda, AstraZeneca, Boehringer Ingelheim, and Roche.

Funding
This study was funded by AstraZeneca. The sponsor was involved in the study design;
collection, analysis, and interpretation of data; report writing; and the decision to submit the
article for publication

Author contributions
B.V.S., C.D.S., P.J.G., P.S., H.J.L.H., D.C.W., V.C., and R.C.R. made substantial
contributions to the conception and design of the study, acquisition of data, or analysis and

Feb 25, 2020

ASZ01-MSS-200691
DAPA Anemia

Confidential

Page 16 of 32

interpretation of data; drafted the article and revised it critically for important intellectual
content; and gave final approval to the version submitted for publication.

References
1. Al-Khoury S, Afzali B, Shah N, et al. Anaemia in diabetic patients with chronic kidney
disease--prevalence and predictors. Diabetologia. 2006;49:1183–1189.
http://doi.org/10.1007/s00125-006-0254-z
2. New JP, Aung T, Baker PG, et al. The high prevalence of unrecognized anaemia in
patients with diabetes and chronic kidney disease: a population-based study. Diabet Med.
2008;25:564–569. http://doi.org/10.1111/j.1464-5491.2008.02424.x
3. Bosman DR, Winkler AS, Marsden JT, Macdougall IC, Watkins PJ. Anemia with
erythropoietin deficiency occurs early in diabetic nephropathy. Diabetes Care. 2001;24:495–
499. http://doi.org/10.2337/diacare.24.3.495
4. Go AS, Yang J, Tan TC, et al. Contemporary rates and predictors of fast progression of
chronic kidney disease in adults with and without diabetes mellitus. BMC Nephrol.
2018;19:146. http://doi.org/10.1186/s12882-018-0942-1
5. 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;16:3403–3410. http://doi.org/10.1681/asn.2005030226
6. Anand I, McMurray JJ, Whitmore J, et al. Anemia and its relationship to clinical outcome
in heart failure. Circulation 2004;110(2):149 –154.
https://doi.org/10.1161/01.CIR.0000134279.79571.73

Feb 25, 2020

ASZ01-MSS-200691
DAPA Anemia

Confidential

Page 17 of 32

7. Mozaffarian D, Nye R, Levy WC. Anemia predicts mortality in severe heart failure: the
prospective randomized amlodipine survival evaluation (PRAISE). J Am Coll Cardiol
2003;41(11):1933–1939. https://doi.org/10.1016/S0735-1097(03)00425-X
8. Ezekowitz JA, McAlister FA, Armstrong PW. Anemia is common in heart failure and is
associated with poor outcomes: insights from a cohort of 12 065 patients with new-onset
heart failure. Circulation 2003;107(2):223–225.
https://doi.org/10.1161/01.CIR.0000052622.51963.FC
9. Horwich TB, Fonarow GC, Hamilton MA, MacLellan WR, Borenstein J. Anemia is
associated with worse symptoms, greater impairment in functional capacity and a significant
increase in mortality in patients with advanced heart failure. J Am Coll Cardiol.
2002;39(11):1780–1786. https://doi.org/10.1016/S0735-1097(02)01854-5
10. Thomas MC, MacIsaac RJ, Tsalamandris C, Power D, Jerums G. Unrecognized anemia
in patients with diabetes: a cross-sectional survey. Diabetes Care. 2003;26:1164–1169.
http://doi.org/10.2337/diacare.26.4.1164
11. Kalra S. Sodium glucose co-transporter-2 (sglt2) inhibitors: a review of their basic and
clinical pharmacology. Diabetes Ther. 2014;5:355–366. http://doi.org/10.1007/s13300-0140089-4
12. Avogaro A, Giaccari A, Fioretto P, et al. A consensus statement for the clinical use of the
renal sodium-glucose co-transporter-2 inhibitor dapagliflozin in patients with type 2 diabetes
mellitus. Expert Rev Clin Pharmacol. 2017;10:763–772.
http://doi.org/10.1080/17512433.2017.1322507
13. Heerspink HJ, Johnsson E, Gause-Nilsson I, Cain VA, Sjostrom CD. Dapagliflozin
reduces albuminuria in patients with diabetes and hypertension receiving renin-angiotensin
blockers. Diabetes Obes Metab. 2016;18:590–597. http://doi.org/10.1111/dom.12654

Feb 25, 2020

ASZ01-MSS-200691
DAPA Anemia

Confidential

Page 18 of 32

14. Lambers Heerspink HJ, de Zeeuw D, Wie L, Leslie B, List J. Dapagliflozin a glucoseregulating drug with diuretic properties in subjects with type 2 diabetes. Diabetes Obes
Metab. 2013;15:853–862. http://doi.org/10.1111/dom.12127
15. Fioretto P, Stefansson BV, Johnsson E, Cain VA, Sjostrom CD. Dapagliflozin reduces
albuminuria over 2 years in patients with type 2 diabetes mellitus and renal impairment.
Diabetologia. 2016;59:2036–2039. http://doi.org/10.1007/s00125-016-4017-1
16. Bailey CJ, Gross JL, Pieters A, Bastien A, List JF. Effect of dapagliflozin in patients with
type 2 diabetes who have inadequate glycaemic control with metformin: a randomised,
double-blind, placebo-controlled trial. Lancet. 2010;375:2223–2233.
http://doi.org/10.1016/s0140-6736(10)60407-2
17. Dekkers CCJ, Sjöström CD, Greasley PJ, et al. Effects of the sodium-glucose cotransporter-2 inhibitor dapagliflozin on estimated plasma volume in patients with type 2
diabetes. Diabetes, Obesity and Metabolism. 2019;0. http://doi.org/10.1111/dom.13855
18. Mazer CD, Hare GMT, Connelly PW, et al. Effect of empagliflozin on erythropoietin
levels, iron stores and red blood cell morphology in patients with type 2 diabetes and
coronary artery disease. Circulation. [Epub Nov 2019]
http://doi.org/10.1161/CIRCULATIONAHA.119.044235
19. Inzucchi SE, Zinman B, Fitchett D, et al. How does empagliflozin reduce cardiovascular
mortality? Insights from a mediation analysis of the EMPA-REG OUTCOME trial. Diabetes
Care. 2018;41:356–363. http://doi.org/10.2337/dc17-1096
20. Eickhoff MK, Dekkers CCJ, Kramers BJ, et al. Effects of dapagliflozin on volume status
when added to renin-angiotensin system inhibitors. J Clin Med. 2019;8.
http://doi.org/10.3390/jcm8060779
21. Ref Pending

Feb 25, 2020

ASZ01-MSS-200691
DAPA Anemia

Confidential

Page 19 of 32

22. Sano M, Takei M, Shiraishi Y, Suzuki Y. Increased hematocrit during sodium-glucose
cotransporter 2 inhibitor therapy indicates recovery of tubulointerstitial function in diabetic
kidneys. J Clin Med Res. 2016;8:844–847. http://doi.org/10.14740/jocmr2760w
23. Mayer B, Németh K, Krepuska M, et al. Vasopressin stimulates the proliferation and
differentiation of red blood cell precursors and improves recovery from anemia. Science
Translational Medicine. 2017;9:1632. http://doi.org/10.1126/scitranslmed.aao1632
24. Nangaku M, Eckardt KU. Pathogenesis of renal anemia. Semin Nephrol. 2006;26(4):261–
268. https://doi.org/10.1016/j.semnephrol.2006.06.001
25. Maruyama T, Takashima H, Oguma H, et al. Canagliflozin improves erythropoiesis in
diabetes patients with anemia of chronic kidney disease. Diabetes Technol Ther. 2019.
http://doi.org/10.1089/dia.2019.0212
26. Ferrannini E, Baldi S, Frascerra S, et al. Renal handling of ketones in response to
sodium–glucose cotransporter 2 inhibition in patients with type 2 diabetes. Diabetes Care.
2017;40:771. http://doi.org/10.2337/dc16-2724
27. Trevest K, Treadway H, Hawkins-van der Cingel G, Bailey C, Abdelhafiz AH.
Prevalence and determinants of anemia in older people with diabetes attending an outpatient
clinic: a cross-sectional audit. Clin Diabetes. 2014;32:158–162.
http://doi.org/10.2337/diaclin.32.4.158
28. Davey A, Lele U, Elias MF, et al. Diabetes mellitus in centenarians. J Am Geriatr Soc.
2012;60:468–473. http://doi.org/10.1111/j.1532-5415.2011.03836.x
29. Beutler E, West C. Hematologic differences between african-americans and whites: the
roles of iron deficiency and alpha-thalassemia on hemoglobin levels and mean corpuscular
volume. Blood. 2005;106:740–745. http://doi.org/10.1182/blood-2005-02-0713

Feb 25, 2020

ASZ01-MSS-200691
DAPA Anemia

Confidential

Page 20 of 32

30. Idris I, Tohid H, Muhammad NA, et al. Anaemia among primary care patients with type
2 diabetes mellitus (t2dm) and chronic kidney disease (ckd): a multicentred cross-sectional
study. BMJ open. 2018;8:e025125–e025125. http://doi.org/10.1136/bmjopen-2018-025125
31. Ptaszynska A, Johnsson KM, Parikh SJ, et al. Safety profile of dapagliflozin for type 2
diabetes: pooled analysis of clinical studies for overall safety and rare events. Drug Saf.
2014;37:815–829. http://doi.org/10.1007/s40264-014-0213-4
32. Kato ET, Silverman MG, Mosenzon O, et al. Effect of dapagliflozin on heart failure and
mortality in type 2 diabetes mellitus. Circulation. 2019;139:2528–2536.
http://doi.org/10.1161/CIRCULATIONAHA.119.040130
33. Mosenzon O, Wiviott SD, Cahn A, et al. Effects of dapagliflozin on development and
progression of kidney disease in patients with type 2 diabetes: an analysis from the declaretimi 58 randomised trial. Lancet Diabetes Endocrinol. 2019;7:606–617.
http://doi.org/10.1016/s2213-8587(19)30180-9
34. Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, cardiovascular outcomes, and
mortality in type 2 diabetes. N Engl J Med. 2015;373:2117–2128.
http://doi.org/10.1056/NEJMoa1504720
35. Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and cardiovascular and renal
events in type 2 diabetes. N Engl J Med. 2017;377:644–657.
http://doi.org/10.1056/NEJMoa1611925
36. Perkovic V, Jardine MJ, Neal B, et al. Canagliflozin and renal outcomes in type 2
diabetes and nephropathy. N Engl J Med. 2019;380:2295–2306.
http://doi.org/10.1056/NEJMoa1811744
37. Li J, Woodward M, Perkovic V, Figtree GA, et al. Mediators of the effects of
canagliflozin on heart failure in patients with type 2 diabetes. JACC Heart Fail. 2020;8:57–
66. http://doi.org/10.1016/j.jchf.2019.08.004

Feb 25, 2020

ASZ01-MSS-200691
DAPA Anemia

Confidential

Page 21 of 32

Figure Legends
Fig 1. (A) Placebo-adjusted mean change in Hb from baseline to week 24 upon treatment
with dapagliflozin in patients with T2D with and without anemia, (B) proportion of patients
with anemia at baseline who had no anemia at week 24 upon treatment with dapagliflozin
and placebo, (C) incidence of anemia at week 24 in patients with no anemia at baseline upon
treatment with dapagliflozin and placebo

***

p-value for treatment-by-subgroup interaction at week 24 <0.001. †Difference versus placebo

CI, confidence interval; Diff., difference; Hb, hemoglobin; N, total number of patients; T2D, type 2 diabetes; X,
number of patients who had anemia at baseline but no anemia at week 24
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Fig 2. Placebo-adjusted mean changes from baseline to week 24 in (A) serum albumin, (B),
body weight (C), systolic blood pressure, and (D) eGFR upon treatment with dapagliflozin in
patients with T2D with and without anemia

†

Difference versus placebo

CI, confidence interval; eGFR, estimated glomerular filtration rate; N.S., not significant i.e. p-value for
treatment-by-subgroup interaction at week 24 >0.1; SBP, systolic blood pressure; T2D, type 2 diabetes
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Table 1. Baseline demographics and characteristics

Age, years, mean (SD)
Male, n (%)
Race, n (%)
White
Asian
Black/African American
Othera
Weight, kg, mean (SD)
SBP, mm Hg, mean (SD)
Bicarbonate, mEq/L, mean (SD)
Hct (%), mean (SD)
Hb, g/dL, mean (SD)
Median
Min,max
Duration of T2D, years, mean (SD)
HbA1c, %, mean (SD)
UACR, mg/g, mean (SD)
UACR, mg/g, median
eGFR mL/min/1.73 m2, mean (SD)
eGFR categorization, mL/min/1.73 m2, n (%)
<30
≥30 to <45
≥45 to <60
≥60 to <90
≥90
History of CVD and/or HFh, %
History of hypertensionh, %
History of PVD/PADh, %
ACEi and/or ARB, %
Diuretics, %
Iron supplementation, %
ESA, %
†

Anemia†
No anemia‡
Placebo
Dapagliflozin
Placebo
Dapagliflozin
N = 348
N = 352
N = 2286
N = 2339
62.9 (9.49)
62.6 (9.39)
59.7 (9.87) 59.0 (10.00)
208 (59.1)
1340 (58.6) 1360 (58.1)
209 (60.1)
251 (72.1)
46 (13.2)
32 (9.2)
19 (5.5)
89.7 (21.97)
134.5b (16.26)
23.6 (3.32)
35.7 (2.43)
11.8 (0.80)
11.9
8.9, 12.9
13.9 (9.29)
8.2 (1.04)
306.0 (751.45)

259 (73.6)
44 (12.5)
37 (10.5)
12 (3.4)
92.5 (23.19)
133.2 (16.20)
24.3 (3.44)
35.8 (2.50)
11.8 (0.78)
11.8
8.2, 12.9
14.8 (9.52)
8.2 (0.87)
240.4g
(504.70)
32.7
29.0g
65.9 (24.73) 66.6 (22.70)
6 (1.7)
63 (18.1)
103 (29.6)
111 (31.9)
65 (18.7)
41.1
56.0
8.3
82.8
37.4
7.2
0.3

4 (1.1)
60 (17.0)
88 (25.0)
137 (38.9)
63 (17.9)
46.0
64.8
13.4
85.2
39.5
6.0
0.0

1874 (82.0)
259 (11.3)
60 (2.6)
93 (4.1)
89.2 (18.96)
131.9 (15.07)
25.1c (2.85)
42.9e (3.54)
14.3 (1.18)
14.3
12.0, 18.8
9.3c (8.23)
8.2 (0.98)
91.8c (345.78)

1906 (81.5)
273 (11.7)
62 (2.7)
98 (4.2)
89.7 (19.03)
132.0 (15.35)
25.1d (2.90)
42.8f (3.52)
14.3 (1.16)
14.2
12.0, 18.8
9.3 (8.10)
8.2 (0.98)
86.1f (308.74)

12.0c
78.3c (20.41)

11.0f
78.9 (20.56)

7c (0.3)
90c (3.9)
323c (14.1)
1229c (53.8)
636c (27.8)
44.1
71.6
11.9
70.3
25.1
0.8
0.0

4 (0.2)
101 (4.3)
319 (13.6)
1227 (52.5)
688 (29.4)
43.1
68.5
11.4
68.1
20.6
1.0
0.0

Defined by World Health Organization as Hb <13 g/dL in men and <12 g/dL in women
Defined by World Health Organization as Hb ≥13 g/dL in men and ≥12 g/dL in women
a
The race subgroup of other includes patients with reported race of American Indian/Alaska Native, Native
Hawaiian/other Pacific Islander, or Other
‡
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b

N = 347
N = 2285
d
N = 2338
e
N = 2284
f
N = 2337
g
N = 351
h
Disease history was not available for 2 of the 14 trials
c

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CVD, cardiovascular
disease; eGFR, estimated glomerular filtration rate; ESA, erythropoietin-stimulating agent; Hb, hemoglobin;
HbA1c, glycated hemoglobin; Hct, hematocrit; HF, heart failure; N, number of patients; PAD, peripheral artery
disease; PVD, peripheral vascular disease; SBP, systolic blood pressure; SD, standard deviation; T2D, type 2
diabetes; UACR, urine albumin-to-creatinine ratio
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Table 2. Summary of adverse events† and adverse events in system organ classes of interest
(safety analysis set‡)
Anemia

No anemia

Placebo

Dapagliflozin

Placebo

Dapagliflozin

349

355

2294

2353

At least one AE, n (%)

209 (59.9)

228 (64.2)

1275 (55.6)

1377 (58.5)

At least one SAE, n (%)

28 (8.0)

36 (10.1)

134 (5.8)

115 (4.9)

0

1 (0.3)

6 (0.3)

8 (0.3)

Any AE in SOCs of interest
Blood and lymphatic system
disorders, n (%)
Cardiac disorders, n (%)

68 (19.5)

65 (18.3)

309 (13.5)

341 (14.5)

23 (6.6)

12 (3.4)

21 (0.9)

12 (0.5)

17 (4.9)

14 (3.9)

90 (3.9)

73 (3.1)

Vascular disorders, n (%)
Renal and urinary disorders,
n (%)

15 (4.3)

18 (5.1)

113 (4.9)

96 (4.1)

24 (6.9)

32 (9.0)

111 (4.8)

199 (8.5)

N

Deaths, n (%)

†

Includes non-serious/serious adverse events with onset on or after the first date/time of double-blind treatment
and on or prior to the last day of short-term double-blind treatment plus 4 days/30 days or up to and including
the start date of the long-term period or up to the follow-up visit if earlier.
‡Safety analysis

set includes patients who received at least 1 dose of study drug
Adverse events were classified as per MedDRA version 17.1
AE, adverse event; SOC, system organ class; SAE, serious adverse event
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Supplementary Material
Supplementary Table 1. Dapagliflozin clinical trials included in the pooled analysis
(Details TBC)
Study Name
(ClinicalTrials.gov
identifier)
MB102-013
(NCT )
MB102-014
(NCT )
MB102-029
(CKD)
(NCT )
MB102-030
(NCT )
MB102-034
(NCT )
D1690C00005
(NCT )
D1690C00006
(NCT )
D1690C00010
(NCT )
D1690C00012
(NCT )
D1690C00018
(NCT )
D1690C00019
(NCT )
D1690C00023
(DELIGHT)
(NCT )
D1690C00024
(DERIVE)
(NCT )
D1692C00006
(Japan)
(NCT )

Phase 2/3

CKD, chronic kidney disease
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Supplementary Table 2. Adverse events† suggestive of renal impairmenta, urinary tract
infectionb and volume depletionc (safety analysis set‡)

Anemia

No-anemia

Placebo

Dapagliflozin

Placebo

Dapagliflozin

349

355

2294

2353

14 (4.0)

23 (6.5)

40 (1.7)

67 (2.8)

2 (0.6)

7 (2.0)

14 (0.6)

17 (0.7)

Creatinine renal clearance decreased

3 (0.9)

6 (1.7)

13 (0.6)

21 (0.9)

Creatinine renal clearance abnormal

-

-

1 (<0.1)

1 (<0.1)

2 (0.6)

1 (0.3)

9 (0.4)

17 (0.7)

0

3 (0.8)

2 (<0.1)

1 (<0.1)

Acute kidney injury

3 (0.9)

2 (0.6)

0

5 (0.2)

Glomerular filtration rate decreased

2 (0.6)

2 (0.6)

3 (0.1)

7 (0.3)

Chronic kidney disease

0

1 (0.3)

-

-

Renal function test abnormal

0

1 (0.3)

-

-

Cystatin C increased

1 (0.3)

0

0

2 (<0.1)

Urine output decreased

1 (0.3)

0

1 (<0.1)

0

-

-

0

1 (<0.1)

17 (4.9)

11 (3.1)

77 (3.4)

105 (4.5)

14 (4.0)

11 (3.1)

57 (2.5)

86 (3.7)

3 (0.9)

0

15 (0.7)

15 (0.6)

Escherichia urinary tract infection

-

-

0

Genitourinary tract infection

-

-

0

1 (<0.1)
1 (<0.1)

Prostatitis

-

-

3 (0.1)

1 (<0.1)

Pyelonephritis

-

-

1 (<0.1)

1 (<0.1)

Trigonitis

-

-

0

1 (<0.1)

Urethritis

-

-

1 (<0.1)

1 (<0.1)

-

-

1 (<0.1)

0

3 (0.9)

12 (3.4)

20 (0.9)

30 (1.3)

0

7 (2.0)

5 (0.2)

16 (0.7)

Syncope

1 (0.3)

4 (1.1)

3 (0.1)

6 (0.3)

Orthostatic hypotension

1 (0.3)

1 (0.3)

8 (0.3)

4 (0.2)

Dehydration

1 (0.3)

0

0

3 (0.1)

Urine output decreased

1 (0.3)

0

1 (<0.1)

0

Blood pressure decreased

-

-

2 (<0.1)

1 (<0.1)

Urine flow decreased

-

-

0

1 (<0.1)

N
Patients with any AE with symptoms
suggestive of renal impairment, n (%)a
Renal impairment

Blood creatinine increased
Renal failure

Urine flow decreased
Patients with any AE with symptoms
suggestive of urinary tract infection,
n (%)b
Urinary tract infection
Cystitis

Kidney infection
Patients with any AE with symptoms
suggestive of volume depletion, n (%)c
Hypotension
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Circulatory collapse
1 (<0.1)
0
Includes non-serious/serious adverse events with onset on or after the first date/time of double-blind treatment
and on or prior to the last day of short-term double-blind treatment plus 4 days/30 days or up to and including
the start date of the long-term period or up to the follow-up visit if earlier
†

‡

Safety analysis set includes patients who received at least one dose of study drug
Based on a predefined list of preferred terms of renal impairment
b
Based on a predefined list of preferred terms of urinary tract infection
c
Based on a predefined list of preferred terms of volume depletion
Adverse events were classified as per MedDRA version 17.1
a
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Supplementary Table 3. Hemoglobin concentration at baseline and week 24 in patients with
no-anemia at baseline who developed polycythemia at week 24 upon treatment with
dapagliflozin and placebo

Placebo
Dapagliflozin

Timepoint
Baseline
Week 24
Baseline
Week 24

N
31
31
182
182

Hemoglobin (g/dL)
Mean (SD)
Min
15.7 (0.8)
13.2
17.1 (0.7)
16.1
15.6 (0.6)
13.1
16.9 (0.5)
16.1

Max, maximum; Min, minimum, N, number of patients; SD, standard deviation
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Supplementary Figure Legends
Supplementary Fig. 1. Proportion of patients with and without baseline CKD (eGFR <60
mL/min/1.73 m2) relative to anemia at baseline

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate

Supplementary Fig. 2. Percentage of patients with anemia at baseline and week 24 after
treatment with dapagliflozin and placebo
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Supplementary Fig. 3. Percentage of patients from both anemia and no-anemia groups who
developed polycythemia† at week 24 LOCF upon treatment with dapagliflozin and placebo

†

Hb >16.5 g/dL in men and >16 g/dL in women

Hb, hemoglobin; LOCF, last observation carried forward
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