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Purpose of this studyPurpose of this studyPurpose of this studyPurpose of this study

Sodium glucose transporter (SGLT)SGLT)SGLT)SGLT)----2 inhibitors cause 2 inhibitors cause 2 inhibitors cause 2 inhibitors cause 
the urine volume to increase and there is concern that the urine volume to increase and there is concern that the urine volume to increase and there is concern that the urine volume to increase and there is concern that 
their use will reduce blood fluidity due to dehydration. their use will reduce blood fluidity due to dehydration. their use will reduce blood fluidity due to dehydration. their use will reduce blood fluidity due to dehydration. 
However, no study has accurately evaluated blood However, no study has accurately evaluated blood However, no study has accurately evaluated blood However, no study has accurately evaluated blood 
fluidity. fluidity. fluidity. fluidity. 

The purpose of this study was to clarify blood fluidity The purpose of this study was to clarify blood fluidity The purpose of this study was to clarify blood fluidity The purpose of this study was to clarify blood fluidity 
during dapagliflozin administration using a during dapagliflozin administration using a during dapagliflozin administration using a during dapagliflozin administration using a 
microchannel flow analyzer (MCmicrochannel flow analyzer (MCmicrochannel flow analyzer (MCmicrochannel flow analyzer (MC----FAN), and its effects FAN), and its effects FAN), and its effects FAN), and its effects 
on hemorheology, leukocyte activation, and oxidative on hemorheology, leukocyte activation, and oxidative on hemorheology, leukocyte activation, and oxidative on hemorheology, leukocyte activation, and oxidative 
stress.stress.stress.stress.



Dapagliflozin treatment groupDapagliflozin treatment groupDapagliflozin treatment groupDapagliflozin treatment group

NonNonNonNon----dapagliflozin treatment groupdapagliflozin treatment groupdapagliflozin treatment groupdapagliflozin treatment group

Hemorheology and Biochemical test

Methods of the StudyMethods of the StudyMethods of the StudyMethods of the Study
Study design： A multi-center, open-label, randomized, comparative study

Main exclusions:・Patients with type 1 diabetes or diabetic ketoacidosis.・Current treatment with novel oral anticoagulants (NOAC) or warfarin・Previous acute or chronic kidney disease (eGFR＜45 ml/min/1.73m2).・History of urinary tract or genital infection.・Women who are pregnant or breastfeeding or who may become pregnant. 
Statistical AnalysisStatistical AnalysisStatistical AnalysisStatistical Analysis:・The t-distribution was used to calculate the 95% confidence interval for the difference from baseline in the whole blood transit time determined using the MC-FAN 
and a six-second (15%) non-inferiority margin. T significance level was 2.5% (one-sided).・Differences from baseline in other parameters at 16 weeks after enrollment. Analysis of variance was used to compare mean values.

Hemorheology and Biochemical testHemorheology and 

Biochemical test

0 weeks0 weeks0 weeks0 weeks 8 weeks8 weeks8 weeks8 weeks 16 weeks16 weeks16 weeks16 weeks

Enrollment and 
assignment

----4 weeks4 weeks4 weeks4 weeks

Administration schedule



Patient Allocation 

90 patients with type 2 diabetes90 patients with type 2 diabetes90 patients with type 2 diabetes90 patients with type 2 diabetes

45 patients were first 45 patients were first 45 patients were first 45 patients were first 
allocated to the dapagliflozin allocated to the dapagliflozin allocated to the dapagliflozin allocated to the dapagliflozin 
groupgroupgroupgroup

45 patients were first 45 patients were first 45 patients were first 45 patients were first 
allocated to the control groupallocated to the control groupallocated to the control groupallocated to the control group

RandomizedRandomizedRandomizedRandomized

・・・・one patient withdrone patient withdrone patient withdrone patient withdreeeew w w w consentconsentconsentconsent
・・・・one patient was one patient was one patient was one patient was a smokera smokera smokera smoker

・・・・3333 patientpatientpatientpatientssss were judged aswere judged aswere judged aswere judged as
inappropriateinappropriateinappropriateinappropriate

・・・・3333 patientpatientpatientpatientssss withdrwithdrwithdrwithdreeeew w w w ccccoooonnnnsssseeeennnntttt
・・・・2222 patientpatientpatientpatientssss wwwwereereereere smokerssmokerssmokerssmokers
・・・・2222 patientpatientpatientpatientssss were judged aswere judged aswere judged aswere judged as

inappropriateinappropriateinappropriateinappropriate

40 patients were finally 40 patients were finally 40 patients were finally 40 patients were finally 
allocated dapagliflozin groupallocated dapagliflozin groupallocated dapagliflozin groupallocated dapagliflozin group

38 patients were finally 38 patients were finally 38 patients were finally 38 patients were finally 
allocated control groupallocated control groupallocated control groupallocated control group



Background of the PatientsBackground of the PatientsBackground of the PatientsBackground of the Patients

Dapagliflozin (n=4Dapagliflozin (n=4Dapagliflozin (n=4Dapagliflozin (n=40000)))) NonNonNonNon----Dapagliflozin (n=38)Dapagliflozin (n=38)Dapagliflozin (n=38)Dapagliflozin (n=38)
Diabetic duration (years)Diabetic duration (years)Diabetic duration (years)Diabetic duration (years) 11.0 11.0 11.0 11.0 ±±±± 7.67.67.67.6 11.9 11.9 11.9 11.9 ±±±± 8.38.38.38.3

Hemorheology time (sec)Hemorheology time (sec)Hemorheology time (sec)Hemorheology time (sec) 40.7 40.7 40.7 40.7 ±±±± 8.18.18.18.1 40.9 40.9 40.9 40.9 ±±±± 6.76.76.76.7

HbA1c (%)HbA1c (%)HbA1c (%)HbA1c (%) 8.1 8.1 8.1 8.1 ±±±± 1.01.01.01.0 8.0 8.0 8.0 8.0 ±±±± 1.01.01.01.0

Body weight (kg)Body weight (kg)Body weight (kg)Body weight (kg) 74.3 74.3 74.3 74.3 ±±±± 14.814.814.814.8 70.3 70.3 70.3 70.3 ±±±± 13.113.113.113.1

PPG (mg/dL)PPG (mg/dL)PPG (mg/dL)PPG (mg/dL) 164.4 164.4 164.4 164.4 ±±±± 54.354.354.354.3 163.2 163.2 163.2 163.2 ±±±± 69.669.669.669.6

HDLHDLHDLHDL----cho (mg/dL)cho (mg/dL)cho (mg/dL)cho (mg/dL) 50.6 50.6 50.6 50.6 ±±±± 11.911.911.911.9 48.9 48.9 48.9 48.9 ±±±± 9.09.09.09.0

LDLLDLLDLLDL----cho (mg/dL)cho (mg/dL)cho (mg/dL)cho (mg/dL) 88.5 88.5 88.5 88.5 ±±±± 31.231.231.231.2 88.2 88.2 88.2 88.2 ±±±± 30.430.430.430.4

TG (mg/dL)TG (mg/dL)TG (mg/dL)TG (mg/dL) 161.8 161.8 161.8 161.8 ±±±± 103.8103.8103.8103.8 134.0 134.0 134.0 134.0 ±±±± 60.860.860.860.8

BUN (mg/BUN (mg/BUN (mg/BUN (mg/dLdLdLdL)))) 16.2 16.2 16.2 16.2 ±±±± 5.65.65.65.6 15.5 15.5 15.5 15.5 ±±±± 4.74.74.74.7

Creatinine (mg/Creatinine (mg/Creatinine (mg/Creatinine (mg/dLdLdLdL)))) 0.84 0.84 0.84 0.84 ±±±± 0.230.230.230.23 0.79 0.79 0.79 0.79 ±±±± 0.190.190.190.19

SBP (mmHg)SBP (mmHg)SBP (mmHg)SBP (mmHg) 133.4 133.4 133.4 133.4 ±±±± 17.417.417.417.4 134.7 134.7 134.7 134.7 ±±±± 17.517.517.517.5

DBP (mmHg)DBP (mmHg)DBP (mmHg)DBP (mmHg) 78.1 78.1 78.1 78.1 ±±±± 10.110.110.110.1 75.7 75.7 75.7 75.7 ±±±± 9.49.49.49.4

Hb (g/dl)Hb (g/dl)Hb (g/dl)Hb (g/dl) 14.2 14.2 14.2 14.2 ±±±± 1.61.61.61.6 14.3 14.3 14.3 14.3 ±±±± 1.31.31.31.3

Hct (%)Hct (%)Hct (%)Hct (%) 42.1 42.1 42.1 42.1 ±±±± 4.64.64.64.6 42.3 42.3 42.3 42.3 ±±±± 3.33.33.33.3

BNP (pg/BNP (pg/BNP (pg/BNP (pg/dLdLdLdL)))) 24.0 24.0 24.0 24.0 ±±±± 54.054.054.054.0 21.1 21.1 21.1 21.1 ±±±± 21.321.321.321.3

dddd----ROMs (UARR)ROMs (UARR)ROMs (UARR)ROMs (UARR) 313.7 313.7 313.7 313.7 ±±±± 56.156.156.156.1 320.5 320.5 320.5 320.5 ±±±± 47.947.947.947.9

BPA (µmol/L)BPA (µmol/L)BPA (µmol/L)BPA (µmol/L) 2100.2 2100.2 2100.2 2100.2 ±±±± 491.3491.3491.3491.3 2015.6 2015.6 2015.6 2015.6 ±±±± 161.0161.0161.0161.0

Urine specific gravityUrine specific gravityUrine specific gravityUrine specific gravity 1.016 1.016 1.016 1.016 ±±±± 0.000.000.000.00 1.017 1.017 1.017 1.017 ±±±± 0.000.000.000.00

Data are the mean ± SD or median and inter-quartile ranges



Results by Change in the Whole Blood Transit Time

All patients (n=78) : 2.2 [0.4,3.9]All patients (n=78) : 2.2 [0.4,3.9]All patients (n=78) : 2.2 [0.4,3.9]All patients (n=78) : 2.2 [0.4,3.9]

----6.06.06.06.0

HbA1c >8.0% (n=30) : 1.6 [HbA1c >8.0% (n=30) : 1.6 [HbA1c >8.0% (n=30) : 1.6 [HbA1c >8.0% (n=30) : 1.6 [----1.3,4.5]1.3,4.5]1.3,4.5]1.3,4.5]

HbA1c HbA1c HbA1c HbA1c ≦≦≦≦8.0% (n=48) : 3.1 [0.4,5.9]8.0% (n=48) : 3.1 [0.4,5.9]8.0% (n=48) : 3.1 [0.4,5.9]8.0% (n=48) : 3.1 [0.4,5.9]

NonNonNonNon----Inferiority Inferiority Inferiority Inferiority 
IntervalIntervalIntervalInterval

Greater than the median transit time valueGreater than the median transit time valueGreater than the median transit time valueGreater than the median transit time value
(n=35) : 1.6[(n=35) : 1.6[(n=35) : 1.6[(n=35) : 1.6[----1.2,4.4]1.2,4.4]1.2,4.4]1.2,4.4]

Less than the median transit time value Less than the median transit time value Less than the median transit time value Less than the median transit time value 
(n=43) : 2.6 [1.5,3.5](n=43) : 2.6 [1.5,3.5](n=43) : 2.6 [1.5,3.5](n=43) : 2.6 [1.5,3.5]

The change from baseline (Sec)：[95%C.I]

6.06.06.06.00000



Results: Other ParametersResults: Other ParametersResults: Other ParametersResults: Other Parameters
Dapagliflozin (n=40)Dapagliflozin (n=40)Dapagliflozin (n=40)Dapagliflozin (n=40) NonNonNonNon----Dapagliflozin (n=38)Dapagliflozin (n=38)Dapagliflozin (n=38)Dapagliflozin (n=38)

BaselineBaselineBaselineBaseline After 16 weeksAfter 16 weeksAfter 16 weeksAfter 16 weeks BaselineBaselineBaselineBaseline After 16 weeksAfter 16 weeksAfter 16 weeksAfter 16 weeks

Hemorheology time (sec)Hemorheology time (sec)Hemorheology time (sec)Hemorheology time (sec) 40.7 40.7 40.7 40.7 ±±±± 8.18.18.18.1 43.2 43.2 43.2 43.2 ±±±± 6.96.96.96.9 40.9 40.9 40.9 40.9 ±±±± 6.76.76.76.7 40.1 40.1 40.1 40.1 ±±±± 3.73.73.73.7

HbA1c (%)HbA1c (%)HbA1c (%)HbA1c (%) 8.1 8.1 8.1 8.1 ±±±± 1.01.01.01.0 7.4 7.4 7.4 7.4 ±±±± 0.8 0.8 0.8 0.8 ************ 8.0 8.0 8.0 8.0 ±±±± 1.01.01.01.0 7.5 7.5 7.5 7.5 ±±±± 0.9 0.9 0.9 0.9 ****

Body weight (kg)Body weight (kg)Body weight (kg)Body weight (kg) 74.3 74.3 74.3 74.3 ±±±± 14.814.814.814.8 72.0 72.0 72.0 72.0 ±±±± 15.715.715.715.7 ************ 70.3 70.3 70.3 70.3 ±±±± 13.113.113.113.1 69.4 69.4 69.4 69.4 ±±±± 12.712.712.712.7

PPG (mg/dL)PPG (mg/dL)PPG (mg/dL)PPG (mg/dL) 164.4 164.4 164.4 164.4 ±±±± 54.354.354.354.3 138.0 138.0 138.0 138.0 ±±±± 36.0 36.0 36.0 36.0 ******** 163.2 163.2 163.2 163.2 ±±±± 69.669.669.669.6 158.4 158.4 158.4 158.4 ±±±± 57.157.157.157.1

HDLHDLHDLHDL----cho (mg/dL)cho (mg/dL)cho (mg/dL)cho (mg/dL) 50.6 50.6 50.6 50.6 ±±±± 11.911.911.911.9 52.6 52.6 52.6 52.6 ±±±± 14.314.314.314.3 48.9 48.9 48.9 48.9 ±±±± 9.09.09.09.0 50.1 50.1 50.1 50.1 ±±±± 8.18.18.18.1

LDLLDLLDLLDL----cho (mg/dL)cho (mg/dL)cho (mg/dL)cho (mg/dL) 88.5 88.5 88.5 88.5 ±±±± 31.231.231.231.2 89.4 89.4 89.4 89.4 ±±±± 28.228.228.228.2 88.2 88.2 88.2 88.2 ±±±± 30.430.430.430.4 84.3 84.3 84.3 84.3 ±±±± 26.626.626.626.6

TG (mg/dL)TG (mg/dL)TG (mg/dL)TG (mg/dL) 161.8 161.8 161.8 161.8 ±±±± 103.8103.8103.8103.8 126.1 126.1 126.1 126.1 ±±±± 68.2 68.2 68.2 68.2 **** 134.0 134.0 134.0 134.0 ±±±± 60.860.860.860.8 125.2 125.2 125.2 125.2 ±±±± 60.860.860.860.8

BUN (mg/dl)BUN (mg/dl)BUN (mg/dl)BUN (mg/dl) 16.2 16.2 16.2 16.2 ±±±± 5.65.65.65.6 18.5 18.5 18.5 18.5 ±±±± 5.75.75.75.7 **** 15.5 15.5 15.5 15.5 ±±±± 4.74.74.74.7 15.1 15.1 15.1 15.1 ±±±± 3.83.83.83.8

Creatinine (mg/Creatinine (mg/Creatinine (mg/Creatinine (mg/dLdLdLdL)))) 0.84 0.84 0.84 0.84 ±±±± 0.230.230.230.23 0.86 0.86 0.86 0.86 ±±±± 0.350.350.350.35 **** 0.79 0.79 0.79 0.79 ±±±± 0.190.190.190.19 0.79 0.79 0.79 0.79 ±±±± 0.190.190.190.19

SBP (mmHg)SBP (mmHg)SBP (mmHg)SBP (mmHg) 133.4 133.4 133.4 133.4 ±±±± 17.417.417.417.4 129.7 129.7 129.7 129.7 ±±±± 16.5 16.5 16.5 16.5 ************ 134.7 134.7 134.7 134.7 ±±±± 17.517.517.517.5 128.7 128.7 128.7 128.7 ±±±± 15.415.415.415.4

DBP (mmHg)DBP (mmHg)DBP (mmHg)DBP (mmHg) 78.1 78.1 78.1 78.1 ±±±± 10.110.110.110.1 74.7 74.7 74.7 74.7 ±±±± 12.1 12.1 12.1 12.1 ************ 75.7 75.7 75.7 75.7 ±±±± 9.49.49.49.4 72.5 72.5 72.5 72.5 ±±±± 10.910.910.910.9

Hb (g/Hb (g/Hb (g/Hb (g/dLdLdLdL)))) 14.2 14.2 14.2 14.2 ±±±± 1.61.61.61.6 14.5 14.5 14.5 14.5 ±±±± 1.51.51.51.5 ************ 14.3 14.3 14.3 14.3 ±±±± 1.31.31.31.3 14.0 14.0 14.0 14.0 ±±±± 1.3 1.3 1.3 1.3 ****

Hct (%)Hct (%)Hct (%)Hct (%) 42.1 42.1 42.1 42.1 ±±±± 4.64.64.64.6 43.7 43.7 43.7 43.7 ±±±± 4.64.64.64.6 ************ 42.3 42.3 42.3 42.3 ±±±± 3.33.33.33.3 41.9 41.9 41.9 41.9 ±±±± 3.83.83.83.8

BNP (pg/BNP (pg/BNP (pg/BNP (pg/dLdLdLdL)))) 24.0 24.0 24.0 24.0 ±±±± 54.054.054.054.0 18.7 18.7 18.7 18.7 ±±±± 31.131.131.131.1 21.1 21.1 21.1 21.1 ±±±± 21.321.321.321.3 28.3 28.3 28.3 28.3 ±±±± 26.626.626.626.6

dddd----ROMs (UARR)ROMs (UARR)ROMs (UARR)ROMs (UARR) 313.7 313.7 313.7 313.7 ±±±± 56.156.156.156.1 328.9 328.9 328.9 328.9 ±±±± 38.538.538.538.5 320.5 320.5 320.5 320.5 ±±±± 47.947.947.947.9 326.3 326.3 326.3 326.3 ±±±± 53.353.353.353.3

BPA (µmol/L)BPA (µmol/L)BPA (µmol/L)BPA (µmol/L) 2100.2 2100.2 2100.2 2100.2 ±±±± 491.3491.3491.3491.3 2102.2 2102.2 2102.2 2102.2 ±±±± 216.2216.2216.2216.2 2015.6 2015.6 2015.6 2015.6 ±±±± 161.0161.0161.0161.0 2013.9 2013.9 2013.9 2013.9 ±±±± 193.8193.8193.8193.8

Urine specific gravityUrine specific gravityUrine specific gravityUrine specific gravity 1.016 1.016 1.016 1.016 ±±±± 0.000.000.000.00 1.025 1.025 1.025 1.025 ±±±± 0.000.000.000.00 ************ 1.017 1.017 1.017 1.017 ±±±± 0.000.000.000.00 1.016 1.016 1.016 1.016 ±±±± 0.000.000.000.00
Data are the mean ± SD or median and inter-quartile ranges

*P<0.05, **P<0.01, ***P<0.001



DiscussionDiscussionDiscussionDiscussion

In this study, we found increases in the hemoglobin level, In this study, we found increases in the hemoglobin level, In this study, we found increases in the hemoglobin level, In this study, we found increases in the hemoglobin level, 
hematocrit, and the urine specific gravity in the dapagliflozin hematocrit, and the urine specific gravity in the dapagliflozin hematocrit, and the urine specific gravity in the dapagliflozin hematocrit, and the urine specific gravity in the dapagliflozin 
group, suggesting a decrease in the body fluid volume through group, suggesting a decrease in the body fluid volume through group, suggesting a decrease in the body fluid volume through group, suggesting a decrease in the body fluid volume through 
osmotic diuresis related to increased urinary glucose excretion. osmotic diuresis related to increased urinary glucose excretion. osmotic diuresis related to increased urinary glucose excretion. osmotic diuresis related to increased urinary glucose excretion. 

If a decrease in the body fluid volume results from a decrease in If a decrease in the body fluid volume results from a decrease in If a decrease in the body fluid volume results from a decrease in If a decrease in the body fluid volume results from a decrease in 
the circulating blood volume alone, the hemoconcentration may the circulating blood volume alone, the hemoconcentration may the circulating blood volume alone, the hemoconcentration may the circulating blood volume alone, the hemoconcentration may 
prolong the hemorheology.prolong the hemorheology.prolong the hemorheology.prolong the hemorheology.



However, in this study, there was no change in the hemorheology. 

As a possible factor, a previous study suggested that SGLT-2 inhibitors 
minimize the decrease in the circulating blood volume in comparison 
with loop diuretics by selectively reducing the intracellular fluid 
volume※. 

To minimize the decrease in the circulating blood volume, dapagliflozin 
may be safely administered without increasing the incidence of 
dehydration-related adverse events.

※ Verma S et al. Diabetologia.2018;61:2108-17.



Furthermore, there were no differences between the dapagliflozin Furthermore, there were no differences between the dapagliflozin Furthermore, there were no differences between the dapagliflozin Furthermore, there were no differences between the dapagliflozin 
and control groups in the oxidative marker dand control groups in the oxidative marker dand control groups in the oxidative marker dand control groups in the oxidative marker d----ROM or antioxidant ROM or antioxidant ROM or antioxidant ROM or antioxidant 
marker BAP.  marker BAP.  marker BAP.  marker BAP.  

Changes in the blood glucose level were previously reported to Changes in the blood glucose level were previously reported to Changes in the blood glucose level were previously reported to Changes in the blood glucose level were previously reported to 
affect daffect daffect daffect d----ROM and BAPROM and BAPROM and BAPROM and BAP※. There was no difference in the HbA1c . There was no difference in the HbA1c . There was no difference in the HbA1c . There was no difference in the HbA1c 
level between the two groups due to diabetes treatment.level between the two groups due to diabetes treatment.level between the two groups due to diabetes treatment.level between the two groups due to diabetes treatment.

This may have led to the similar changes in the blood glucose This may have led to the similar changes in the blood glucose This may have led to the similar changes in the blood glucose This may have led to the similar changes in the blood glucose 
level in the two groups, resulting in the absence of differences in level in the two groups, resulting in the absence of differences in level in the two groups, resulting in the absence of differences in level in the two groups, resulting in the absence of differences in 
dddd----ROM and BAP between them.ROM and BAP between them.ROM and BAP between them.ROM and BAP between them.

※ Ohara M et al. J Nippon Med Sch. 2013;80(3):200-10.



ConclusionConclusionConclusionConclusion

Dapagliflozin is unlikely to have a negative influence Dapagliflozin is unlikely to have a negative influence Dapagliflozin is unlikely to have a negative influence Dapagliflozin is unlikely to have a negative influence 

on blood fluidity in patients with type 2 diabetes on blood fluidity in patients with type 2 diabetes on blood fluidity in patients with type 2 diabetes on blood fluidity in patients with type 2 diabetes 

mellitus, even in those with a prolonged whole blood mellitus, even in those with a prolonged whole blood mellitus, even in those with a prolonged whole blood mellitus, even in those with a prolonged whole blood 

transit time or having an HbA1c level >8%.transit time or having an HbA1c level >8%.transit time or having an HbA1c level >8%.transit time or having an HbA1c level >8%.


