
H yperglycemia is a major feature of type 2 diabe-
tes mellitus (T2DM).  One of the new classes of 

T2DM drugs,  sodium-glucose co-transporter 2 
(SGLT2) inhibitors,  induce the body to excrete glucose 

into the urine,  resulting in lowered blood glucose levels 
[1].  The use of SGLT2 inhibitors for controlling the 
glucose levels of individuals with T2DM has been 
endorsed by the American Diabetes Association and the 
European Association for the Study of Diabetes [2].  As 
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The sodium glucose transporter 2 (SGLT2) inhibitor tofogliflozin is a glucose-lowering drug that causes the 
excretion of surplus glucose by inhibiting SGLT2.  Because of tofogliflozin’s osmotic diuresis mechanism,  
patients’ serum electrolytes,  body fluid levels,  and cardiac function must be monitored.  We retrospectively 
analyzed the cases of 64 elderly Japanese patients with type 2 diabetes mellitus (T2DM) who received tofogli-
flozin for 3 months.  Their HbA1c,  serum electrolytes (sodium,  potassium,  chloride),  hematocrit,  brain natri-
uretic peptide (cardiac volume load marker) and renin and aldosterone (RAA; an index of regulatory hor-
mones involved in body fluid retention) were continuously monitored during the investigation period.  Renal 
function and cardiac function (by echocardiography) were assessed throughout the period.  HbA1c significantly 
decreased (β1 = − 0.341,  p< 0.0001,  linear regression analysis [LRA]).  Most of the hormonal,  electrolyte,  and 
physiological parameters were maintained throughout the study period.  In these circumstances,  E/e’ tended to 
decrease (β1 = − 0.382,  p= 0.13,  LRA).  Compared to the baseline,  E/e’ was significantly decreased at 1 and 
3 months (p< 0.01,  p< 0.05).  In the higher E/e’ group (E/e’ ≥ 10,  n = 34),  E/e’ decreased significantly (β1 = − 0.63,  
p< 0.05,  LRA).  ΔE/e’ was correlated with body-weight change during treatment (r = 0.64,  p< 0.01).  The 
3-month tofogliflozin treatment improved glycemic control and diastolic function represented by E/e’ in T2DM 
patients,  without affecting serum electrolytes,  renal function,  or RAA.  No negative impacts on the patients 
were observed.  Three-month tofogliflozin treatment lowered glucose and improved cardiac diastolic function.
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of this writing,  six SGLT2 inhibitors are available in 
Japan: ipragliflozin,  dapagliflozin,  tofogliflozin,  cana-
gliflozin,  empagliflozin,  and luseogliflozin,  and these 
are widely used for patients with T2DM [3].  A consid-
erable number of elderly individuals with T2DM has 
been reported in Japan [4].  After the launch of SGLT2 
inhibitors,  several serious adverse reactions have been 
recognized as a major safety concern,  with reports of 
events such as urinary tract infections,  dehydration,  
and electrolyte imbalance [5].

These concerns led to ‘Recommendations on the 
appropriate usage of SGLT2 inhibitors’ issued by a com-
mittee of Japanese experts in June 2014 [6],  and 
post-marketing surveillance (PMS) was initiated regard-
ing the use of tofogliflozin in elderly patients in clinical 
settings.  The PMS results indicated that the incidence 
of adverse events in patients aged > 65 years resembled 
the incidence observed in preapproved trials [7].

SGTL2 inhibitors,  including tofogliflozin,  have been 
known to act on proximal tubules and to act as a mech-
anism of mild osmotic diuresis [8].  SGLT2 inhibitors 
also change serum and urinary electrolyte levels and 
body fluid composition [9].  One of our previous studies 
demonstrated that during a 1-year investigation,  no 
electrolyte imbalance occurred after the administration 
of tofogliflozin [10].

SGLT2 inhibitors have recently attracted renewed 
attention.  Cardiological studies demonstrated that the 
use of the SGLT2 inhibitors canagliflozin,  empagli-
flozin,  and dapagliflozin for T2DM patients with car-
diovascular disease (CVD) was associated with 
decreased rates of major adverse cardiac events,  includ-
ing heart failure (HF) [11-13].  Empagliflozin and cana-
gliflozin decreased patients’ weight and blood pressure 
[14].  A prospective study revealed that dapagliflozin 
improved left ventricular (LV) diastolic functions in 
T2DM patients with HF [15].  In general,  an excess 
load of body fluids as well as an imbalance of electro-
lytes exacerbate cardiac and renal function,  especially in 
elderly patients.  The present study thus focused on 
monitoring factors that affect cardiac function,  such as 
electrolytes,  brain natriuretic peptide (BNP),  the body 
fluid load,  and renin and aldosterone (RAAs) in elderly 
T2DM patients taking tofogliflozin.

Despite concerns about its potential effect on the 
electrolyte balance,  the effects of tofogliflozin on the 
serum electrolyte balance,  body composition and adre-
nal cortical hormone remain unknown,  especially in 

elderly individuals with T2DM.  Our earlier investiga-
tions demonstrated that,  regardless of age and gender,  
one of the indices of cardiac diastolic function,  the ratio 
between the early mitral inflow velocity and the mitral 
annular early diastolic velocity (E/e’) was improved in 
elderly individuals with T2DM who were treated with 
tofogliflozin [16 , 17].  Tofogliflozin’s mechanism of 
action is controversial; multimodal effects on cardiac 
diastolic function,  diuretic promotion,  blood-pressure 
lowering,  protection of the RAA system,  and a reduc-
tion of epicardial fat have been described [18].  The E/e’ 
measured by tissue Doppler imaging revealed a strong 
association with the mean LV diastolic pressure 
obtained by micromanometer-tipped catheters [19].

These findings suggested that the E/e’ plays an 
important role as a marker of cardiac diastolic function.  
In the present study we conducted a linear regression 
analysis to investigate the trend of these physiological 
and cardiac diastolic parameters.  In addition,  to deter-
mine the effect of tofogliflozin on the E/e’,  we applied 
the linear regression model to a higher E/e’ (≥ 10) group 
and investigated the correlation between the change in 
the E/e’ and other factors in elderly Japanese patients 
with T2DM under treatment with tofogliflozin.

Patients and Methods

This study was a retrospective analysis of the cases of 
patients aged ≥ 65 years diagnosed with T2DM who 
visited Kanazawa Medical University Himi Municipal 
Hospital during the period from April 2018 to March 
2020.  A single daily 20-mg dose of tofogliflozin was 
administered to each of the patients for 3 months,  and 
the patients did not receive any other agents such as a 
diuretic,  β-blocker,  or angiotensin receptor blocker 
(ARB).  Data were collected according to the flow chart 
shown in Fig.1.
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N=64

N=34
included

・Initial E/e’≧10
・Diuretics and antihypertention not prescribed newly 

during the investigation

Fig. 1　 Outline of the study.



The changes in each patient’s HbA1c was measured 
to assess the efficacy of tofogliflozin during the study 
period.  At baseline,  1,  and 3 months after the initia-
tion of tofogliflozin administration,  the patients’ serum 
HbA1c,  hematocrit,  estimated glomerular filtration 
rate (eGFR),  blood urea nitrogen (BUN),  creatinine,  
and serum electrolyte concentration (including sodium 
[Na+],  potassium [K+],  and chloride [Cl−]) were mea-
sured.  The adrenocorticotropic hormones renin and 
aldosterone were also measured.

Cardiac function was evaluated by echocardiogra-
phy.  The maximal diameter of the inferior vena cava 
(IVCmax) was measured by the following procedure:  
lowering the costal arch in parallel with the trunk and 
setting the patient in the recumbent position before the 
inferior vein transitions to the right atrium at end-expi-
ration.  The largest diameter was determined between 
0.5 and 3 cm from the inflow to the right atrium in the 
IVC long-axis cross-section at expiration at the proxi-
mal hepatic vein junction in the supine position.  The 
left atrial dimension (LAD) was also measured.

Concurrently,  the ejection fraction (EF) and the ratio 
of early filling to atrial filling (E/A) were obtained by the 
early diastolic and atrial wave velocities,  and the early 
diastolic wave deceleration time was measured by pulsed 
wave Doppler recording from the apical four-chamber 
view.  The spectral pulsed-wave Doppler-derived early 
diastolic velocity (e’) was obtained by averaging the septal 
mitral annulus,  and the ratio of mitral e annular veloc-
ities (E/e’) was calculated.  The estimated right ventricle 
systolic pressure (RVSP) was calculated by measuring 
the continuous wave Doppler values.  The pulmonary 
capillary wedge pressure (PCWP) was calculated by 
Naguehs’ formula [20]: (PCWP = 1.24 × (E/e’) + 1.9).

We assessed the effects of the tofogliflozin treatment 
on the patients’ physiological and cardiac variables by 
performing a linear regression analysis,  using the 
administration period (months) as an independent 
variable and Y as a dependent variable.  The population 
regression equation is as follows:
Y (ex.  HbA1c) = b0 + b1 × administration period (0 , 1 ,  
and 3 months) + e (random error)

The slope of the regression curve b1 = 0 is the null 
hypothesis.  Electrolyte abnormalities were evaluated by 
linear regression analyses,  using the concentrations of 
serum electrolytes including sodium,  potassium,  and 
chloride.  Dehydration was evaluated by using the 
hematocrit as a dependent variable.  Cardiac functions 

were also evaluated by linear regression analyses.  The 
cardiac variables assessed were the EF,  E/e’,  E/A,  LAD,  
right systolic ventricular pressure (RSVP),  PCWP,  and 
IVCmax.

A stratified analysis was performed for E/e’ with a 
cutoff value of E/e’=10,  which is based on an investigation 
of Doppler echocardiography which demonstrated that 
an E/e’ < 8 accurately predicted normal mean (M)-LVDP 
and E/e’ > 15 identified increased M-LVDP [19].

Significant differences in variables between the base-
line (0 months) and 1 and 3 months of treatment were 
assessed by paired t-test.  The correlation between changes 
in cardiac diastolic parameters and the changes in phys-
iological parameters in the upper E/e’ group (E/e’ ≥ 10) 
was estimated by a Pearson’s correlation analysis.  All of 
the data were analyzed with the use of the freely avail-
able EZR (Easy R) software (Saitama Medical Center,  
Jichi Medical University,  Saitama,  Japan) [21].

This study was conducted according to the guide-
lines of the Declaration of Helsinki and was approved by 
the Clinical Research Ethics Committee of Kanazawa 
Medical University Himi Municipal Hospital.  Written 
informed consent for their data to be used and pub-
lished was obtained from all patients.

Results

The baseline patient data are summarized in Table 1.  
The 64 Japanese patients were 82.0±6.3 years old (range:  
67-96 yrs; average ± standard deviation [SD]); there 
were 28 males (80.57 ± 6.06 yrs old) and 36 females 
(83.25 ± 6.30 yrs).  The baseline value of HbA1c was 
7.4 ± 1.49%,  and that of hematocrit was 36.9 ± 1.7%.  
The following combinations of treatments were recorded:  
antidiabetic agents (in 64% of the patients),  dipeptidyl 
peptidase-4 (DPP-4) inhibitors (12.5%),  sulfonylureas 
(28.1%),  biguanides (3.1%),  insulin (0%),  and thiazo-
lidinediones and glinides (1.6%).  Diuretics were 
administered to 25% of the total patients.  Antihypertensive 
agents were administered to 45.3% of the total patients.  
Symptomatic hypoglycemic episodes and serious 
adverse events such as hypoglycemia,  pyelonephritis,  
dehydration,  and ketoacidosis were not observed in any 
of the patients.

The changes in the values of physiological variables 
following the initiation of treatment with tofogliflozin 
for 3 months are provided in Table 2.  The patients’ 
HbA1c,  body weight (BW),  systolic blood pressure,  
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and hematocrit showed decreases throughout the 
3-month study period.  Renin showed a significant 
increase between the baseline and at 3 months (p < 0.01 
by paired t-test).  The changes in cardiac variables fol-
lowing the initiation of 3-month tofogliflozin treatment 
are shown in Table 3.  The E/e’ and PCWP showed sig-
nificant decreases between baseline and 3 months 
(p < 0.05 by paired t-test).  No significant changes were 
observed in other cardiac parameters.

Table 4 summarizes the parameter estimates of 
physiological variables revealed by the linear regression 
analyses.  The parameter b1,  which denotes the slope of 
the regression curve,  was significant (i.e.,  the null 
hypothesis of b1 = 0 was rejected) for HbA1c and serum 
Na+,  whereas the b1 slopes for body weight,  serum K+,  
serum Cl−,  hematocrit,  eGFR,  BNP,  and renin and 
aldosterone were not significant during the study period.

The parameter estimates of cardiac variables shown 
by the linear regression analyses are provided in Table 5.  
No significance in parameter b1 was observed in any 
cardiac parameters throughout the study period.  Table 6 
summarizes the E/e’ parameter estimates obtained by 
the linear regression analyses,  with the cutoff value set 
at 10.  In the high E/e’ group (E/e’ ≥ 10),  significance in 
parameter b1 of the E/e’ was observed (p < 0.05).  No 
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Table 1　 Characteristics of patients involved

n  64
Age (years)  82.0 ±6.29
Sex (male/female)  28 36
HbA1c (%)   7.4 ±1.49
Hematocrit (%)  36.9 ±1.69
Weight (kg)  54.2 ±2.59
Systolic BP (mmHg) 137.5 ±23.29
Diastolic BP (mmHg)  72.2 ±13.42
Glucose (mg/dL) 173.8 ±15.93
ALB (g/dL)   3.37 ±0.50
LDH (IU/L) 198.8 ±13.6
AST (IU/L)  22.1 ±1.38
ALT (IU/L)  17.6 ±3.72
TG (mg/dL) 128.2 ±47.28
r-GTP (IU/L)  20.8 ±12.27
Creatinine (mg/dL)   0.89 ±0.08
eGFR (mL/min)  61.4 ±5.67
BNP(pg/mL) 209.03 ±357.96
BUN (mg/dL)  19.5 ±2.34
Anti-diabetic treatment

DPP-4 inhibitor (%)  41 (64)
Sulfonylurea (%)   8 (12.5)
Biguanide (%)  18 (28.1)
Insulin (%)   2 (3.1)
Thiazolidinedione (%)   0 (0)
Glinide (%)   2 (1.6)
Diuretics(%)  16 (15)
Antihypertention(%)  29 (45.3)

Table 2　 Characteristics of laboratory test results

Variable Baseline 1 month 3 months ※ P-value

HbA1c (%)   7.40 ±1.49   7.03 ±1.01   6.70 ±0.80 <0.01

Body Weight (kg)  54.21 ±10.38  52.14 ±10.02  51.51 ±9.77 <0.01

Systolic Blood Pressure (mmHg) 137.51 ±23.39 124.18 ±16.42 127.46 ±19.21 <0.01

Diastolic Blood Pressure (mmHg)  72.21 ±13.42  69.73 ±16.42  72.09 ±12.19 0.94

Hematocrit (%)  39.96 ±6.76  37.95 ±5.44  38.18 ±5.29 0.02

BNP (pg/mL) 209.03 ±357.96 140.34 ±228.15 177.75 ±269.83 0.11

eGFR  61.45 ±22.69  58.4 ±23.02  59.42 ±26.92 0.25

BUN (mg/dL)  19.52 ±9.36  19.95 ±7.02  19.74 ±7.51 0.90

Na+ (mEq/L) 138.71 ±3.33 139.56 ±2.89 140.17 ±3.27 <0.01

K+ (mEq/L)   4.19 ±0.54   4.19 ±0.51  4.23 ±0.52 0.59

Cl- (mEq/L) 102.62 ±11.48 104.40 ±4.95 105.0 ±3.26 <0.05

Blood Osmotic Pressure (mOsm/L) 292.42 ±7.09 292.85 ±7.26 295.18 ±7.36 <0.05

Renin (ng/ml)   3.90 ±6.37   6.88 ±8.51   6.86 ±11.87 <0.05

Aldosterone (pg/ml)  90.88 ±47.78 105.31 ±64.29  88.04 ±38.68 0.771
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Table 3　 Characteristics of cardiac function results

Variable Baseline 1 month 3 months ※ P-value

EF (%) 64.52 ±9.02 62.73 ±10.48 63.62 ±8.98 0.35

E/eʼ 11.88 ±4.09  9.95 ± 3.09 10.46 ±4.02 0.02

E/A  0.69 ±0.30  0.60 ± 0.18  0.71 ±0.51 0.78

LAD (mm) 37.98 ±7.04 36.76 ± 6.95 37.08 ±6.40 0.30

PCWP (mmHg) 16.63 ±6.97 14.23 ± 5.73 14.87 ±6.88 0.02

RSVP (mmHg) 26.84 ±9.57 28.02 ±10.53 27.35 ±7.43 0.78

SWT (mm) 10.47 ±1.86 10.68 ± 1.82 10.41 ±1.95 0.16

PWT (mm) 10.30 ±1.81 10.53 ± 1.79 10.30 ±1.90 0.73

IVC max (mm) 13.96 ±3.61 13.68 ± 3.54 13.60 ±3.78 0.16

EF,  ejection fraction; E/eʼ,  mitral e annular velocities; E/A,  ratio of early filling to atrial filling; LAD,  left atrial dimension; PCWP,  
Pulmonary Capillary Wedge Pressure; RSVP,  right systolic ventricular pressure; SWT,  shuttle walking test; PWT,  posterior LV wall thick-
ness; IVC max: maximal diameter of the inferior vena cava
※Paired t-test compared to baseline with 3 months after administration

Table 4　 Parameter estimates of linear regression analyses

Parameter Coefficient Estimates S.E. P-value

HbA1c
β0   7.39  0.25 <0.0001＊

β1  -0.34  0.20 <0.0001＊

Body Weight
β0  53.97  2.26 <0.0001*

β1  -1.35  1.85 　0.12

serum-Na+
β0 138.75  0.71 <0.0001*

β1   0.72  0.55 　0.01

serum-K+
β0   4.18  0.11 <0.0001＊

β1   0.01  0.82 　0.67

serum-Cl-
β0 102.71  1.62 <0.0001＊

β1   1.53  1.29 　0.22

Hematocrit
β0  37.08  1.78 <0.0001＊

β1   0.61  1.62 　0.24

eGFR
β0  60.77  5.45 <0.0001＊

β1  -1.00  4.21 　0.63

BNP
β0 191.35 64.45 <0.0001＊

β1 -15.63 50.69 　0.54

Renin
β0   4.40  2.08 <0.0001＊

β1   1.48  1.61 　0.07

Aldosterone
β0  95.72 11.94 <0.0001＊

β1  -0.08  8.97 　0.98

Table 5　 Parameter estimates of linear regression analyses

Parameter Coefficient Estimates S.E. P-value

EF
β0 63.88 2.00 <0.0001＊

β1 -0.19 0.94 　0.72

E/eʼ
β0 11.29 0.91 <0.0001＊

β1 -0.38 0.50 　0.13

E/A
β0 0.94 0.28 <0.0001＊

β1 0.03 0.38 　0.84

LAD
β0 37.58 1.52 <0.0001＊

β1 -0.23 0.88 　0.59

Estimated
RVSP

β0 27.06 2.20 <0.0001＊

β1 0.11 1.22 　0.84

Estimated
PCWP

β0 15.90 1.23 <0.0001＊

β1 -0.47 0.62 　0.13

IVCmax
β0 13.93 0.79 <0.0001＊

β1 0.12 0.45 　0.56



significance in parameter b1 of the E/e’ was observed in 
the lower E/e’ group (E/e’ < 10) throughout the study 
period.

The results of the correlation analysis between 
changes in cardiac parameters and changes in physio-
logical functions in the high E/e’ group (E/e’ ≥ 10) are 
shown in Table 7.  Most of the combinations of variable 
changes showed a low correlation (r < 0.5),  but the ΔE/e’  
showed positive correlations with the ΔBW (r = 0.65),  
ΔBMI (body mass index) (r = 0.60),  and ΔFat mass 
(r = 0.58).

Discussion

This is the first study to identify positive correlations 
of the change in cardiac function represented by the E/e’ 
ratio with the body weight,  BMI,  and fat mass of 

elderly patients with T2DM during 3-month treatment 
with tofogliflozin.  Our analyses also revealed a signifi-
cant decrease in HbA1c and significant increases in the 
serum sodium and chloride concentrations,  while the 
patients’ serum and urinary potassium concentrations,  
hematocrit,  eGFR,  and BNP remained constant,  as 
suggested by the regression coefficient b1.

Stability of the serum electrolyte concentration and 
body fluid composition was reported in 20 patients 
with T2DM during tofogliflozin treatment,  although 
the study time was relatively short at 8 weeks [22].  The 
PMS of tofogliflozin showed that the HbA1c of Japanese 
patients with T2DM decreased significantly whereas 
their hematocrit increased significantly,  which is con-
sistent with the present results [7].  Regarding the effect 
of tofogliflozin on the hematocrit,  Hirose et al.  
observed a slight increase in the hematocrit from 40.3% 
(treatment start) to 42.6% (after 8-week treatment).  The 
above-cited PMS study comprehensively measured lab-
oratory test results but not serum electrolytes [7].

The administration of tofogliflozin in Japanese 
patients with T2DM is known to result in adverse 
events such as hyperketonemia,  ketonuria,  and pollak-
iuria [23].  Although SGLT2 inhibitors improve glucose 
metabolism in patients with T2DM,  these drugs also 
decrease body weight,  blood pressure,  liver function,  
serum lipids,  and uric acid [24].  Our previous research 
demonstrated a significant increase in the serum chlo-
ride concentration,  mainly in elderly individuals with 
T2DM who were taking tofogliflozin [25].  Güder et al.  
reported that a higher serum aldosterone level predicted 
an adverse prognosis in patients with chronic HF.  It is 
therefore important to monitor patients’ serum ald-
sterone level after the start of treatment with an SGLT2 
inhibitor [26].

Kataoka et al.  reported that (i) SGLT2 inhibitors 
enhance chloride reabsorption in renal tubules and  
(ii) serum chloride has tonicity associated with extra-
celluar fluid.  Serum chloride plays a significant role in 
maintainig intravascular fluid [27].  Schork et al.  
observed that a loss of extracelluar fluid is accompanied 
by an upregulation of RAAs and an elevation of the 
serum aldosterone level that later returned to the initial 
level over a 3-month period [28].  Our present analyses 
revealed that the patients’ aldosterone values did not 
increase between baseline and 3 months of treatment.  
In light of the above-described mechanism,  it appears 
that a permanent loss of extracelluar water does not 
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Table 7　 Correlation analysis between changes in cardiac 
parameters and changes in physiological functions in upper E/eʼ 
(E/eʼ≥10) group

ΔEF ΔE/A ΔE/eʼ

r P-value r P-value r P-value

ΔBW 0.12 0.51 0.21 0.23 0.65 <0.01

ΔsBP 0.09 0.60 0.41 0.02 0.25 0.19

ΔdBP 0.12 0.51 0.43 <0.05 0.49 <0.01

ΔHbA1c 0.16 0.38 -0.15 0.40 0.26 0.19

ΔHt -0.27 0.12 0.34 0.04 0.28 0.14

ΔBMI 0.07 0.66 0.21 0.21 0.60 <0.01

ΔFat Mass 0.26 0.20 -0.08 0.69 0.58 <0.01

EF,  ejection fraction; E/eʼ,  mitral e annular velocities; E/A,  ratio 
of early filling to atrial filling; BW,  body weight; sBP,  systolic blood 
pressure; dBP,  diastolic blood pressure; Ht,  hematocrit; BMI,  
body mass index

Table 6　 E/eʼ parameter estimates of linear regression analyses 
stratified with cutoff=10

Parameter Coefficient Estimates S.E. P-value

Upper E/eʼ (≥10)
β0 13.02 0.56 <0.0001

β1 -0.64 0.32 <0.05

Lower E/eʼ (<10)
β0 7.94 0.46 <0.0001

β1 0.24 0.24 　0.34

E/eʼ,  mitral e annular velocities



tend to occur under treatment with an SGLT2 inhibitor.
In the present study,  each body composition param-

eter was decreased at 1 month of treatment and recov-
ered to the initial level at 3 months.  These results bol-
ster the hypothesis that the body weight loss after 
SGLT2 inhibitor treatment is caused mainly by a reduc-
tion of adipose tissue.  In addition,  the maintenance of 
body fluid and the RAA homeostasis suggest that the 
administration of an SGLT2 inhibitor contributes to 
intrinsic cardiac function with a load-independent 
mechanism [29].  Regarding the patients’ activities of 
daily living (ADLs),  the present study’s normal ADL 
group was comprised of 30 patients (47%),  indicating 
that our study population was not severely biased in 
terms of physical function.

Our present findings are consistent with the 
above-described reported results,  as we observed that 
the E/e’,  a cardiodiastolic parameter,  tended to decrease 
while no change in hemodynamic parameters such as 
the RVSP,  LAD,  and IVCmax were observed.  These 
results are similar to previous findings [30].  In our 
study,  the higher E/e’ group showed a significant 
decrease in E/e’ during the 3-month observation and a 
strong relationship between ΔBW and ΔE/e’,  which 
sheds light on the differentiation of an SGLT2 inhibitor 
responder group.

The effects of SGTL2 inhibitors other than tofogli-
flozin on electrolyte levels have been reported: 24-week 
treatment with 10-mg dapagliflozin in patients with 
T2DM resulted in no clinically relevant changes in the 
serum K+ concentration [31].  SGLT2 inhibitors also 
increased the serum concentrations of magnesium,  K+,  
and phosphate [9].  Canagliflozin increased serum mag-
nesium in a dose-dependent fashion [32].  
Canagliflozin (300 mg) increased K+,  although this 
increase was more frequent in patients with a low eGFR 
[33].  Hypercalcemia and hypernatremia have also been 
reported during the administration of canagliflozin to 
patients with T2DM [34].  The alteration in serum elec-
trolytes’ concentrations could be relevant to the mecha-
nism of cardiovascular protection that has been demon-
strated for empagliflozin and canagliflozin [9].

Luseogliflozin treatment was reported to lead to 
favorable changes in body composition and metabolism 
in Japanese T2DM patients with moderate obesity: a 
body fat reduction and low reductions of muscle and 
bone mineral content [35].  Our present analyses 
demonstrated that the 3-month administration of 

tofogliflozin significantly decreased the patients’ BMI 
(baseline: 22.9 ± 3.5,  3 months: 21.7 ± 3.2,  p < 0.01).  
This finding is relevant to the above-cited study [25].

We also analyzed the cases of patients who used 
other anti-T2DM drugs in combination with tofogli-
flozin.  In healthy male volunteers,  those drugs exhib-
ited no interactive effect with tofogliflozin [36].  It has 
been suggested that the combination of an SGLT2 
inhibitor with a DPP-4 inhibitor could be an effective 
therapeutic strategy [37].

Ohara recently reported the effects of SGLT2 inhibi-
tors on body fluid distribution in a comparison with 
conventional diuretics [38].  However,  the combined 
effects of an SGLT2 inhibitor and a diuretic on cardiac 
function remain unknown.

As suggested by the results obtained with other 
SGLT2 inhibitors described above,  changes in patients’ 
electrolyte concentration,  renal function,  and sarcope-
nia should be monitored during treatment with tofogli-
flozin.  Further investigation is required to elucidate any 
causal relationship between this drug’s effects and car-
diac function.  Our present investigation was a retro-
spective observational analysis without interventions or 
control for the uses of combination drugs and the 
patients’ food and fluid intake,  which could be con-
founding factors that interfere with the interpretation of 
tofogliflozin’s efficacy and safety profiles.

There are several potential study limitations to 
address.  First,  because of the observational nature of 
the study,  despite the use of robust statistical techniques 
we cannot exclude the possibility of unmeasured con-
founding factors.  A relatively short treatment period 
(3 months) with a small number of patients (n = 64) was 
examined,  which could be insensitive to changes in 
physiological variables.  Longer-term follow-up will be 
required to clarify the effects of tofogliflozin on various 
physiological variables.  This study also lacked control 
groups,  and thus underlying confounding factors (e.g.,  
exercise,  diet,  restricting smoking,  alcohol,  types of 
diuretics) could have affected the results.

In conclusion,  the present analyses revealed positive 
correlations between the changes in a parameter of car-
diac function,  the E/e’,  with body weight,  BMI,  and fat 
mass in elderly Japanese patients with T2DM during 
their 3-month treatment with tofogliflozin,  while 
improvements in hyperglycemia and cardiac diastolic 
function were observed along with the stable mainte-
nance of the serum electrolyte concentration and body 
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fluid composition.  Tofogliflozin treatment also showed 
less effect on the hemoconcentration,  without the 
adverse event of dehydration due to the decrease in the 
circulating plasma volume.  Tofogliflozin improved left 
ventricle functions and relieved the cardiac pre-over-
load without affecting intravascular indices such as the 
IVCmax and RVSP.  Our findings also suggest the 
improvement of cardiac diastolic function and the sta-
bility of electrolytes,  RAAs,  and body fluid distribution 
during the course of the patients’ treatment with 
tofogliflozin.
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