
Abstract. Background/Aim: Diabetes mellitus is a risk for
subsequent nephrogenic anemia due to accelerated decline in
renal function, and the global diabetic population continues
to grow exponentially. In clinical studies, sodium-glucose co-
transporter 2 (SGLT2) inhibitors, one of the drugs used to
treat diabetes, have recently attracted attention as anemia
suppressors, but there is still lack of evidence on this matter.
The present study aimed to investigate the effects of SGLT2
inhibitor administration on anemia suppression using
hemoglobin (Hb) levels as an indicator. Patients and Methods:
We conducted a longitudinal study to evaluate and compare
the changes in Hb levels in diabetes patients treated with
SGLT2 inhibitors (n=48) and those treated with DPP-4
inhibitors (n=48). Study participants were stratified into sub-
cohorts based on sex, and the Hb level trajectory in the
participants was observed for 90 days. Results: We evaluated
the use of SGLT2 inhibitors as a prophylactic factor for the
decline in Hb levels and compared it to that of DPP-4
inhibitors [odds ratio (OR)=3.40, 95% confidence interval
(CI)=1.93-6.00]. Administration of SGLT2 inhibitors and
DPP-4 inhibitors resulted in decline of 14.4±0.34 and
12.4±0.31 g/dl (p<0.001), respectively, in male Hb levels from
baseline to 90 days. Notably, the prophylactic effect of SGLT2
inhibitors on the reduction in Hb levels was independent of
renal function and sex. Conclusion: SGLT2 inhibitors prevent
the reduction in Hb levels and exhibit anti-anemic effects.

In recent years, diabetes mellitus has been one of the most
common lifestyle-related diseases, and its incidence is
increasing. According to the International Diabetes
Federation (an umbrella organization of over 230 national
diabetes associations in more than 160 countries and
territories), the global diabetic population continues to grow
exponentially (1). Globally, the prevalence of diabetes in
2019 was 9.3% (463 million people) and is projected to
increase to 10.2% (578 million people) by 2030 and 10.9%
(700 million people) by 2045 (1). 

Type 2 diabetes is a prevalent illness that causes major
vascular, renal, and neurological complications (2). Diabetic
nephropathy or diabetic kidney disease is the leading cause of
end-stage renal disease (ESRD), with more than half of all
cases being attributed to these metabolic disorders (3). The
kidney is responsible for filtering all blood glucose, and under
conditions of hyperglycemia, the increased filtered load
induces oxidative damage and injury to the delicate vasculature
and surrounding tubules (3). This leads to diabetic nephropathy
and ESRD. Patients with ESRD must undergo dialysis or
kidney transplantation to prolong survival, which increases
family and social burden (4). Decreased renal function
increases the risk of secondary renal anemia (5).

In addition to exhibiting hypoglycemic effects through
urinary glucose excretion, sodium-glucose co-transporter 2
(SGLT2) inhibitors show various other effects, such as
weight loss, improvement of blood lipid levels, and lowering
blood pressure. Recent antidiabetic drugs have been found
to exert other actions besides their hypoglycemic effects.
SGLT2 inhibitors promote urinary glucose excretion by
inhibiting the activity of SGLT2, a transporter responsible
for transporting glucose in tubules. SGLT2 inhibitors have
been indicated for the treatment of renal insufficiency. The
CREDENCE study evaluated the effect of canagliflozin on
renal function in patients with type 2 diabetes and proteinuric
chronic kidney disease (6). Renal and cardiovascular events
were significantly lower in the canagliflozin group than in
the placebo group (6). Currently, seven SGLT2 inhibitors
(ipragliflozin, dapagliflozin, luseogliflozin, tofogliflozin,
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canagliflozin, and empagliflozin) are in clinical use. In
addition to their cardio- and renoprotective effects,
hematopoietic effects of SGLT2 inhibitors have also been
reported (7, 8). David et al. found a significant difference in
hemoglobin (Hb) concentrations between patients with type
2 diabetes mellitus with coronary artery disease treated with
10 mg empagliflozin and placebo at six months-13.9 (g/dl)
in the placebo group and 14.6 (g/dl) in the empagliflozin
group (9). The results indicates a long-term increase in Hb
levels, suggesting anemia suppression (10). In other clinical
studies, the dapagliflozin group showed higher hemoglobin
and hematocrit levels than in the placebo group (11).
However, the mechanism underlying the anemia suppression
effect of SGLT2 inhibitors remains unelucidated. 

Generally, metformin is used as the first-line drug for
patients with type 2 diabetes, while SGLT2 inhibitors or
dipeptidyl peptidase 4 (DPP-4) inhibitors are often second-
choice drugs (11). However, the superiority of the benefits
of these two drugs remains controversial.

As noted above, it has been suggested that SGLT2
inhibitors have unique renoprotective effects as well as

protective effects against the decline in Hb levels. However,
it is inconclusive whether the contribution of SGLT2
inhibitors to Hb lowering is due to its renoprotective effect
or secondary to glycemic control. Therefore, in this study,
we observed the trajectory of changes in Hb levels with
SGLT2 inhibitors, using DPP-4 inhibitors (oral drugs
intended only for glycemic control and assumed not to affect
renal function) as controls.

Patients and Methods

Study participants and design. Japanese outpatients and inpatients
taking SGLT2 and DPP-4 inhibitors at the International University
of Health and Welfare Hospital were enrolled between April 2018
and March 2020. Candidate patients who met the following
exclusion criteria were excluded; Hb levels were not measured
within 60 days, the patients used anti-anemia agents, their Hb levels
were outside our reference values before initiating SGLT2 inhibitor
or DPP-4 inhibitor therapy, or their Hb levels could not be measured
over time. Finally, the SGLT2 inhibitor and DPP-4 inhibitor user
groups were adjusted by propensity score matching to achieve a 1:1
ratio (see statistical analyses section for details).

in vivo 37: 2327-2333 (2023)

2328

Figure 1. Flowchart of the study presenting the process for extraction and exclusion of patient data in this retrospective survey.



This retrospective observational study evaluated changes in Hb
levels during observation periods as the primary outcome. Hb levels
were measured at baseline and 1-30, 31-60, and 61-90 days after the
initiation of SGLT2 inhibitor or DPP-4 inhibitor administration. In
addition, a trend toward increasing Hb levels was established as the
secondary outcome. We defined the increasing tendency as an increase
of at least 1 g/dl during this observation (within 90 days) (12). To
assess background factors, we also evaluated sex, age, HbA1c levels,
renal function, and use of medication preparations. The evaluation of
renal function was based on the estimated glomerular filtration rate
(eGFR), which was calculated using the following formula: 194×
[serum creatinine level (SCr)]–1.094× age–0.287 (×0.739 if female) (13).

All four SGLT2 inhibitors [empagliflozin (Jadiance® tablet),
canagliflozin (Canaglu® tablet), dapagliflozin (Fosiga® tablet), and
luseogliflozin (Rocefi® tablet)] were acceptable, as were the other oral
hypoglycemic agents, insulin, and GLP-1 receptor agonists. Five DPP-
4 inhibitors [vildagliptin (Equa® tablet), sitagliptin (Glactive® tablet),
teneligliptin (Tenelia® tablet), linagliptin (Trazenta® tablet) and
alogliptin (Nesina® tablet)] were used as the control group. 

Statistical analyses. Continuous and categorical variables were
presented as mean±standard deviation (SD) and proportions.
Welch’s t-test was used to compare outcomes between the SGLT2
inhibitor and DPP-4 inhibitor groups. Logistic regression analysis
was performed to determine the relationship between the
medications (SGLT2 inhibitors or DPP-4 inhibitors) and the
adjusted increasing trend in Hb levels, defined as secondary
outcomes. As the population characteristics (e.g., male proportion)
differed significantly between the SGLT2 inhibitors and DPP-4
inhibitors groups, we performed propensity score matching to adjust
the effect modifiers (age) between the two groups and based on the
sample size of the smallest subgroup.

All calculations were performed using BellCurve for Excel
version 3.22 (Social Research and Information, Inc., Tokyo, Japan),
and the significance level (α) was set at 5%.

Research ethics compliance. This study was conducted following
the Declaration of Helsinki. It was approved by the institutional
review board (IRB)/ethics committee of the International University
of Health and Welfare (approval number: 21-Ig-124). The study
received ethical approval for using an opt-out methodology based
on the low risk to the patients and the potential benefits of
anticipated results from this study for the patients.

Results

Between April 2018 and March 2020, 5,525 patients used
SGLT2 inhibitors and 8,500 used DPP-4 inhibitors. Based on
exclusion criteria, the number of patients in the SGLT2
inhibitor and DPP-4 inhibitor groups was 64 and 92,
respectively. Therefore, we analyzed 96 backward cases
using the propensity score matching method. Figure 1 shows
the characteristics of the patients evaluated prior to the
administration of SGLT2 inhibitors.

The following SGLT2 inhibitors were administered:
empagliflozin (Jadiance® tablet, Boehringer Ingelheim, Tokyo,
Japan) in 24 patients, canagliflozin (Canaglu® tablet,
Mitsubishi Tanabe, Osaka, Japan) in 15 patients, dapagliflozin

(Fosiga® tablet, AstraZeneca, Osaka, Japan) to 7 patients, and
ruseogliflozin (Rocef® tablet, TAISHO, Tokyo, Japan) to 2
patients. The following DPP-4 inhibitors were administered:
vildagliptin (Equa® tablet, NOVARTIS, Tokyo, Japan) to 2
patients, sitagliptin (Glactive® tablet, Ono, Osaka, Japan) to
20 patients, teneligliptin (Tenelia® tablet, Mitsubishi Tanabe)
to 5 patients, linagliptin (Trazenta® tablet, Boehringer
Ingelheim) to 17 patients, and alogliptin (Nesina® tablet,
Takeda, Osaka, Japan) to 4 patients. The mean age of patients
was 68.2 (±12.0) years, with 81.3% (78/96) being men (Table
I). Male Hb levels in the SGLT2 and DPP-4 groups were 14.3
(±1.5) and 13.7 (±1.4) g/dl, respectively, before the start of
treatment (Table II). Logistic regression analysis showed that
the odds ratio for Hb anemia suppression effect was 3.403
(p<0.001) for men using SGLT2 inhibitors (Table III). Figure
2 shows the trend of Hb levels over time from before initiation
of SGLT2 and DPP-4 inhibitor therapy. The Hb levels of men
in the SGLT2 inhibitor group differed significantly from those
of men in the DPP-4 inhibitor group at 1-30, 31-60, and 61-
90 days (p<0.001), whereas the Hb levels of women in the
SGLT2 inhibitor group were not significantly different from
those in the DPP-4 inhibitor group during the entire period.
Figure 3 shows the trend of eGFR over time from before the
start of SGLT2 inhibitor and DPP-4 inhibitor treatment. Both
men and women were not significantly different from the
inhibitor group throughout the entire period.
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Table I. Characteristics of all participants.

                                                                                  n=96

Age                                                                                 
  <65                                                                      28 ( 29%)
  >65                                                                       68 (71%)
  Mean±SD                                                            68.2±12.0
Other diseases                                                                
  Diabetes                                                              96 (100%)
  Hypertension                                                       32 (33%)
  Dyslipidemia                                                       32 (33%)
  Heart failure                                                        12 (13%)
  Hyperuricemia                                                     35 (36%)
Other medicines                                                            
  ACE inhibitors                                                      6 (6%)
  ARB                                                                     26 (27%)
  Statins                                                                  28 (29%)
  Fibrate                                                                    4 (4%)
  Loop diuretic                                                         4 (4%)
  V2-receptor antagonist                                          8 (8%)
  SU                                                                        21 (22%)
  Thiazolidine                                                           7 (7%)
  α-GI                                                                     12 (13%)
  Antihyperuricemic                                               35 (36%)

SD: Standard deviation; ACE: angiotensin-converting enzyme inhibitor;
ARB: angiotensin receptor blocker; SU: sulfonylurea; α-GI: α-
glucosidase inhibitor.



Discussion

In this study, we found that the anemia suppression effects
of SGLT2 inhibitors were not affected by the number of days
of treatment or renal function status and were correlated with
the use of SGLT2 inhibitors. Preservation of Hb levels with
SGLT2 inhibitors was also observed in patients with
impaired renal function and did not correlate with a decrease
in the eGFR. A significant preservation of Hb levels was
observed in the SGLT2 inhibitor group compared to that in
the DPP-4 inhibitor group. Although dehydration was
considered to be associated with cerebral infarction due to
an increase in Hematocrit (Hct) levels caused by fluid
volume concentration (14), Hct levels [42.9% (38.3-47.5)
before treatment, 41.9% (36.0-47.9) at 1-30 days, 42.3%
(36.7-47.9) at 31-60 days, and 42.3% (36.9-47.8) for 61-90
days] in the group treated with SGLT2 inhibitors were not
elevated. Hct enrichment did not increase the incidence of
cerebral infarction. There were no significant differences in
Hct levels; only slight variations were observed during each
period. This suggests that hemoconcentration due to
dehydration is unlikely. Although there was a temporary
increase in the BUN/CRE ratio and Hct, an apparent increase
in Hb levels due to dehydration was not considered.

In renal anemia due to end-stage renal failure, anemia
progresses when the eGFR falls below 60 ml/min/1.73 m2,
and the risk of anemic complications rapidly increases even
if the subsequent eGFR decline is minor (15). A study by
Lambers et al. reported a 10% decrease in the eGFR after 12
weeks of treatment with dapagliflozin. However, despite the
decrease in renal function, an increase in erythropoietin
(EPO) and reticulocytes was observed, with a peak after four
weeks (16). In the present study, we observed no correlation
between the anemia suppression effect of Hb and renal
function. Including patients with end-stage renal failure may
have affected the anemia suppression effects of Hb. Further
studies are needed because we did not analyze the eGFR by

classification. SGLT2 inhibitors are also known to have
renoprotective effects (17). In the EMPA-REG OUTCOME
study, it was reported that the entire empagliflozin group
showed a decrease in the eGFR in the early stage of
treatment but no significant decrease thereafter, and the final
eGFR decrease was less than that in the placebo group (18,
19). In the CANVAS study, the suppression of progression
and regression of the albuminuria stage, a marker of renal
function, was significantly higher in the canagliflozin group
(20). As a mechanism of anemia inhibition, SGLT2
consumes ATP, and urinary glucose is excreted to the blood
by Na/glucose co-transporters (21). The proximal peritubule
is hypoxic owing to the reabsorption of urinary glucose by
SGLT2. SGLT2 inhibitors reduce hypoxia by suppressing the
function of these transporters and restores the function of
erythropoietin-producing cells in the interstitium (22). In
addition, renal mitochondrial function improves in response
to SGLT2 inhibitors, and experimental studies suggest the
possibility of improved tubular autophagy (23). An increase
in Hb levels is also observed in patients with impaired renal
function, which may be related to the renoprotective effect
of SGLT2 inhibitors. Yamazaki et al. administered
dapagliflozin (10 mg/kg) to non-diabetic Wistar–Kyoto and
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Table II. Comparison of patient characteristics between the SGLT2-inhibitor and DPP-4-inhibitor groups.

                                                  SGLT2 inhibitors          DPP-4 inhibitors           p-Value          SGLT2 inhibitors       DPP-4 inhibitors          p-Value
                                                        male (n=39)                   male (n=39)                                          female (n=9)               female (n=9)
                                                                                                                                                                                                           

Age                                                                                                                                                                                                                           
  <65                                                     11                                    11                            1.000                       3                                 3                            1.000
  >65                                                     28                                    28                            1.000                       6                                 6                            1.000
Mean±SD                                         66.3±11.6                       68.9±11.9                  0.353                  71.3±10.3                  70.6±15.8                  0.985 
HbA1c (%)                                         6.9±1.2                           7.0±1.1                    0.763                    6.5±1.0                      6.6±0.4                    0.975 
eGFR (ml/min/1.73 m2)                  62.7±20.9                       63.2±21.3                  0.995                  52.1±14.9                  61.1±29.9                  0.460 
RBC (×105/μl)                                467.3±60.7                     442.3±51.0                  0.084                413.0±53.4                425.0±36.8                  0.597 
Hb (g/dl)                                           14.3±1.5                         13.7±1.4                    0.182                  12.4±1.3                    12.6±1.2                    0.668 
Hct (%)                                             42.9±4.6                         40.2±4.1                    0.014                  36.8±4.1                    37.3±3.3                    0.788 

eGFR: Estimated glomerular filtration rate; RBC: red blood cell; Hb: hemoglobin; Hct: hematocrit. p-Values show the results of Welch t-test. 

Table III. Logistic regression analysis of factors associated with the rate
of anemia suppression.

Explanatory variable                                 Multivariate analysis

                                                          OR               95%CI             p-Value

Presence of SGLT2 inhibitors        3.403         1.931-5.996         <0.001
Sex                                                   0.376         0.196-0.720           0.003
Age                                                  0.980         0.967-0.993           0.002
Days                                                1.008         0.997-1.018           0.148
eGFR                                               1.011         0.999-1.023           0.072

OR: Odds ratio; CI: confidence interval.



Wistar rats (male, 5 weeks old) and investigated its anemia
suppression effects (24). No increase in Hb and Hct levels
was observed in renal anemia. These results suggested that
the mechanism of action of SGLT2 inhibitors involved in
increasing Hb levels may be related to their half-life,
metabolism, and selectivity for SGLT2. Recent randomized
controlled studies have shown that type 2 diabetes is a pro-
inflammatory condition and hepcidin, a known inhibitor of
erythropoiesis, is increased in pro-inflammatory conditions.
Other mechanisms of anemia inhibition suggest that

dapagliflozin suppresses hepcidin levels, improves iron
kinetics, and increases erythropoiesis (25). Various papers
have reported the anemia-suppressing effects of SGLT2
inhibitors, but have yet to provide a clear mechanism. The
logistic regression analysis results suggested that there may
be a correlation between sex and anemia suppression. It has
also been reported that testosterone and SGLT2 inhibitor-
induced erythropoiesis can be attributed to increased
erythrocytes (26). Men may also be more affected by the
anemia suppression effects of SGLT2 inhibitors than women. 

Yoshida et al: Anemia Suppression Effects of SGLT2

2331

Figure 2. Changes in Hb levels at the start of SGLT2 inhibitor administration and at 1-30, 31-60, and 61-90 days. (A, B) Hb levels in patients
receiving SGLT2 and DPP-4 inhibitors. p-Values are results of the Welch t-test.

Figure 3. Changes in the eGFR at the start of SGLT2 inhibitor administration and at 1-30, 31-60, and 61-90 days. (A, B) eGFR in patients receiving
SGLT2 and DPP-4 inhibitors. p-Values are results of the Welch t-test.



However, in addition to their clinical benefits for diabetes
patients with renal anemia, as described above, it is also
necessary to examine the adverse effects of polycythemia vera.
If an increase of >18 g/dl in Hb levels in men and >16 g/dl in
women is the criteria for polycythemia vera, one man (0.02%)
had Hb >18 g/dl and one woman (0.05%) had Hb >16 g/dl after
SGLT2 inhibitor treatment. The frequency of occurrence was
less than 1% in both sexes and was not considered high. This
may improve the symptoms of anemia. However, caution
should be exercised because blood clots are caused by
polycythemia vera. Severe cases of polycythemia associated
with SGLT2 inhibitors have been reported in a few case reports
(27, 28). The present study suggests that it may be a widespread
phenomenon, with certain patients potentially falling into the
category of drug-induced polycythemia vera and may partly be
caused by unrecognized effects of SGLT2 inhibitors. These
findings suggest that differences in the efficacy of SGLT2
inhibitors may lead to future differentiation of their use. The
preservation of Hb levels in men taking SGLT2 inhibitors was
significantly greater than that in men taking DPP-4 inhibitors.
An increasing trend was also observed among women, although
the difference was not statistically significant. The multiple
regression analysis showed a significant difference between the
two groups, suggesting that sex may influence the results.

This study had several limitations. First, it was a single-center,
retrospective study. Given the fact that only Japanese patients
were included in the study, there may be racial differences when
compared to the results of other studies. To extrapolate the
results of this study from the Japanese population to the global
population, it will be necessary to account for population
differences to validate generalizability. Second, anemia
suppression effects may be due to the increased EPO induced by
SGLT2 inhibitors. However, EPO levels were not measured in
this study. Thus, given the limitations of the present study design,
future studies should be more extensive and should focus on
changes in EPO when examining the effects of SGLT2 inhibitors
on Hb levels in patients with diabetes.

Conclusion

The results of the study suggest that patients receiving
SGLT2 inhibitors may have the benefit of anemia
suppression compared to patients taking DPP-4 inhibitors.
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