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 Background: Sodium-glucose cotransporter-2 (SGLT2) inhibitors are new antihyperglycemic drugs for type 2 diabetes. SGLT2 
inhibitors ameliorate cardiovascular morbidity and mortality as well as kidney disease progression by reduc-
ing body weight (BW), blood pressure (BP), visceral adiposity, albuminuria, and serum uric acid and blood glu-
cose levels. However, it is not clear which effects are pronounced, and what mechanisms are associated with 
these effects.

 Material/Methods: This study recruited patients with type 2 diabetes who were prescribed an SGLT2 inhibitor for the first time in 
our outpatient department. Clinical parameters were measured before and 6 months after the administration 
of the SGLT2 inhibitor, without the addition of new drugs and dose changes for all prescribed drugs.

 Results: This study recruited 24 patients with type 2 diabetes. No significant differences in BP, glycated hemoglobin 
(HbA1c) levels, and low-density lipoprotein cholesterol levels were observed after SGLT2 inhibitor administra-
tion. In contrast, BW and serum uric acid levels decreased significantly, and the fractional excretion of uric acid 
(FEUA) increased significantly after administration. While no significant relationships were observed between 
serum uric acid and FEUA with respect to the percentage changes from baseline values, the percentage chang-
es in serum uric acid levels from baseline were significantly and positively associated with those in serum cre-
atinine levels.

 Conclusions: Serum uric acid levels were immediately decreased owing to the administration of SGLT2 inhibitor, but BP, 
blood glucose, and serum lipid levels were unchanged. These changes in serum uric acid levels may be asso-
ciated with changes in renal function.
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Background

Diabetes mellitus (DM) is a worldwide public health and eco-
nomic challenge. The latest edition of the International Diabetes 
Federation (IDF) Diabetes Atlas shows that 463 million adults 
are currently living with DM [1]. DM is largely composed of 
type 2 diabetes. Type 2 diabetes is a major risk factor for car-
diovascular disease, and the presence of both type 2 diabetes 
and cardiovascular disease increases the risk of death [2,3]. In 
addition, kidney disease develops in approximately 35% of pa-
tients with type 2 diabetes [4] and is associated with increased 
mortality [5]. Since 1998, diabetic kidney disease is the lead-
ing cause for introducing dialysis in Japan [6].

Intensive glycemic control can delay the onset and progres-
sion of the early stages of diabetic microvascular complica-
tions in type 2 diabetic patients [7,8]. Therefore, sodium-glu-
cose cotransporter-2 (SGLT2) inhibitors were developed as new 
antihyperglycemic drugs for type 2 diabetes [9]. SGLT2 inhib-
itors ameliorate hyperglycemia in type 2 diabetic patients by 
decreasing renal glucose reabsorption [10], and reducing car-
diovascular morbidity and mortality as well as the progres-
sion of kidney disease [11–14]. SGLT2 inhibitors exert cardio-
renal protective effects by reducing body weight (BW) [15,16] 
and visceral adiposity due to inhibition of glucose reabsorp-
tion and promoting the use of fatty acids instead of glucose 
as an energy source [17], blood pressure (BP) due to inhibi-
tion of sodium reabsorption [18], albuminuria due to inhibi-
tion of glomerular hyperfiltration via tubuloglomerular feed-
back [19], serum uric acid [20] as well as blood glucose levels 
due to inhibition of glucose reabsorption. However, it is un-
clear which effects are pronounced and what mechanisms are 
associated with these effects. Therefore, we have performed 
this study to clarify them.

Material and Methods

Patients

This study included type 2 diabetic patients, whose blood glu-
cose levels were inadequately controlled with diet/exercise 
therapy in combination with various antihyperglycemic drugs 
including insulin therapy, in the outpatient department of 
Hamamatsu University School of Medicine, University Hospital 
between May 2018 and May 2019. We recruited 24 patients 
prescribed SGLT2 inhibitors for the first time.

Renal function and urinary albumin or protein excretion lev-
els were not considered while recruiting patients. Steroid us-
ers were excluded due to the potential influence on blood glu-
cose levels. This study was approved by the Ethics Committee 
of Hamamatsu University School of Medicine (No. 17-242) and 

adhered to the principles of the Declaration of Helsinki. Written 
informed consent was obtained from all patients.

Study protocols

We measured patient height, BW, BP, and heart rate, and col-
lected blood and urine samples before and 6 months after 
SGLT2 inhibitor administration in our outpatient department. 
The primary physicians were prohibited from adding new drugs 
and changing the dosages or types of all prescribed drugs for 
6 months after the administration of SGLT2 inhibitors. The pri-
mary physicians were entrusted to adequately treat the pa-
tients with diet/exercise. There were no restrictions on the 
type of SGLT2 inhibitor.

Clinical data

Patients’ clinical parameters, such as age, sex, height, BW, 
body mass index (BMI), and BP, were recorded during vis-
its to our outpatient department before and 6 months after 
SGLT2 inhibitor administration. Concentrations of some clini-
cal parameters were measured in the clinical laboratory of the 
Hamamatsu University School of Medicine, University Hospital 
using blood and urine samples. The estimated glomerular fil-
tration rate (eGFR) was calculated from the serum creatinine 
(Cr) concentrations using the Japanese eGFR equation [21]. 
The fractional excretion of uric acid (FEUA) was calculated as 
(urinary uric acid×serum Cr)/(urinary Cr×serum uric acid)×100. 
Similarly, the fractional excretion of glucose (FEglu) was cal-
culated as (urinary glucose×serum Cr)/(urinary Cr×blood glu-
cose)×100. The percentage change in serum uric acid from the 
baseline values to those 6 months after SGLT2 inhibitor admin-
istration, was calculated as (serum uric acid in 6 months after 
administration–serum uric acid before administration)/serum 
uric acid before administration×100. The percentage changes 
in other clinical parameters were calculated in the same way.

Statistical analyses

The results were expressed as means±standard deviation. 
The significance of differences between the clinical parame-
ters before and after SGLT2 inhibitor administration was de-
termined using Student’s t-tests for paired samples. Because 
the urinary albumin/Cr and urinary protein/Cr did not show 
normal distributions, the data was expressed as medians (in-
terquartile range). Logarithmic transformation was applied to 
the data before performing t tests. The correlations between 
serum uric acid levels and clinical parameters 6 months after 
SGLT2 inhibitor administration were evaluated using Pearson’s 
product-moment correlation tests. The relationships between 
the changes in serum uric acid levels and clinical parameters 
from baseline to 6 months after SGLT2 inhibitor administra-
tion were assessed in the same way. Multiple linear regression 
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analyses were conducted to evaluate the relationships be-
tween the changes in serum uric acid levels from baseline to 
6 months after SGLT2 inhibitor administration, and changes in 
FEUA or serum Cr concentration. Age, sex, and change in BMI 
were selected as independent variables because these param-
eters are commonly included in multiple linear regression anal-
yses. P values <0.05 were considered statistically significant. 
Statistical analyses were performed using IBM®SPSS® Statistics 
for Windows, version 25.0 (IBM Corp., Armonk, NY, USA).

Results

Patient characteristics

This study included 24 type 2 diabetic patients (14 males and 
10 females). Their baseline characteristics are presented in 
Table 1. Most patients were middle-aged or older (63.7±12.7 
years). Their BMI was 27.1±4.2 kg/m2, falling within the obesity 
category [22]. Assessment of renal functions included a serum 
Cr of 0.97±0.40 mg/dL, eGFR of 63.3±24.7 mL/min/1.73 m2, 

and median urinary albumin/Cr levels of 33.6 mg/g. According 
to the 2014 classification of diabetic nephropathy, 9, 9, and 6 
patients were stage 1, 2, and 3, respectively [23]. The mean 
HbA1c level was 8.24±1.26%, and the patients did not achieve 
adequate glycemic control. Patients’ medical regimens are also 
shown in Table 1.

Comparisons of each parameter before and 6 months after 
SGLT2 inhibitor administration

Table 2 shows the comparisons of each parameter before and 
6 months after SGLT2 inhibitor administration in the patients 
included in this study. No significant differences were observed 
in systolic and diastolic BPs, HbA1c, serum low-density lipopro-
tein cholesterol, serum triglyceride, urinary albumin, and pro-
tein excretion before and after SGLT2 inhibitor administration. 
However, a significant decrease in BW, BMI, and serum uric acid 
level (before administration; 6.13±1.36 mg/dL vs. after admin-
istration; 5.20±1.11 mg/dL, p<0.01) and a significant increase 
in hemoglobin was observed between those values before and 
after SGLT2 inhibitor administration. Moreover, a significant 

Age (year)  63.7±12.7

Sex Male 14/Female 10

Diabetic mellitus duration (year)  14.0±6.1

Stage of diabetic kidney disease Stage 1: 9/Stage 2: 9/Stage 3: 6

Height (cm)  160.9±10.0

Body weight (kg)  70.6±12.7

Body mass index (kg/m2)  27.1±4.2

Systolic blood pressure (mmHg)  134.9±12.5

Diastolic blood pressure (mmHg)  74.6±11.9

Heart rate (/min)  78.3±11.2

Hemoglobin A1c (%)  8.24±1.26

Creatinine (mg/dL)  0.97±0.40

eGFR (mL/min/1.73 m2)  63.3±24.7

Urinary albumin/creatinine (mg/g)  33.6 [19.2–375.3]

Urinary protein/creatinine (g/g)  0.096 [0.067–0.41]

Antihypertensive drugs usage  15 (62.5%)

Antihyperlipidemic drugs usage  14 (58.3%)

Antihyperuricemic drugs usage  4 (20.0%)

Antidiabetic drugs usage  24 (100%)

Insulin: 11 (45.8%), GLP-1 receptor agonist: 4 (16.6%),

Biguanide: 14 (58.3%), Thiazolidinedione: 3 (12.5%),

Sulfonylurea: 4 (16.7%), DPP-4 inhibitor: 14 (58.3%), 
a-glucosidase inhibitor: 4 (16.7%), Glinide: 1 (4.2%)

Table 1. Patient characteristics.

eGFR – estimated glomerular filtration rate; DPP-4 – dipeptidyl peptidase-4; GLP-1 – glucagon-like peptide-1.
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increase in FEglu and FEUA was observed after SGLT2 inhibi-
tor administration compared to those before administration.

Relationships between serum uric acid levels and clinical 
parameters 6 months after SGLT2 inhibitor administration

The levels of some clinical parameters are expected to change 
following the administration of SGLT2 inhibitors, including blood 
glucose, BP, lipids, albuminuria and proteinuria. However, the 
levels of other clinical parameters do not change significantly 
with SGLT2 inhibitor administration. Contrarily, because serum 
uric acid was one of the markers that changed following the 
administration of SGLT2 inhibitors in this study, we focused on 
serum uric acid levels. Serum uric acid levels were significantly 
associated with renal function after SGLT2 inhibitor adminis-
tration (serum creatinine; R=0.76, p<0.01 and eGFR; R=–0.51, 
p=0.011, respectively). However, no significant relationships 
were observed between serum uric acid level and FEUA (Table 3).

Relationships between the percentage changes in serum 
uric acid levels and clinical parameters from baseline to 6 
months after SGLT2 inhibitor administration

Evaluation of the relationships between the percentage changes 
in serum uric acid levels and clinical parameters from baseline 

to 6 months after SGLT2 inhibitor administration, indicated that 
the percentage change of serum uric acid levels correlated with 
that of renal function (serum Cr; R=0.47, p=0.020, and eGFR; 
R=–0.47, p=0.022). However, the percentage change in serum 
uric acid levels was not associated with that of other clinical 
parameters including FEUA (FEUA; R=0.14, p=0.58) (Table 4).

Multiple linear regression analyses of the percentage 
changes in serum uric acid levels from baseline to 6 
months after SGLT2 inhibitor administration

Multiple linear regression analyses, to evaluate the relation-
ships between the percentage changes in serum uric acid and 
those of FEUA or serum Cr after adjusting for age, sex, and 
the percentage changes of BMI from baseline to 6 months af-
ter SGLT2 inhibitor administration, showed no significant rela-
tionships between the percentage changes in serum uric acid 
levels and those of FEUA after adjustment (Models 1 and 2). 
In contrast, significant relationships were observed between 
the percentage changes in serum uric acid and those of serum 
Cr after adjustment (Model 3; b=0.41, p=0.038 and Model 4; 
b=0.42, p=0.041) (Table 5).

Before administration After administration P-value

Body weight (kg) 70.58±12.70 68.90±13.13 <0.01

Body mass index (kg/m2) 27.12±4.20 26.44±4.19 <0.01

Systolic blood pressure (mmHg) 134.9±12.5 137.1±15.0 0.45

Diastolic blood pressure (mmHg) 74.6±11.9 77.9±12.0 0.077

Heart rate (/min) 78.3±11.2 80.0±11.6 0.65

Hemoglobin (g/dL) 13.73±1.61 14.78±1.44 <0.01

Blood urea nitrogen (mg/dL) 18.08±6.95 19.20±4.59 0.38

Cr (mg/dL) 0.97±0.41 0.93±0.36 0.31

eGFR (mL/min/1.73 m2) 63.25±24.66 63.88±22.95 0.67

Hemoglobin A1c (%) 8.24±1.26 8.15±1.26 0.70

Low-density lipoprotein cholesterol (mg/dL) 111.2±29.3 119.9±37.2 0.12

Triglyceride (mg/dL) 174.0±118.1 181.3±107.8 0.64

Uric acid (mg/dL) 6.13±1.36 5.20±1.11 <0.01

Log urinary albumin/Cr (mg/g) 1.72±0.88 1.88±0.75 0.14

Log urinary protein/Cr (g/g) –0.84±0.63 –0.80±0.69 0.76

Fractional excretion of glucose (%) 1.46±3.80 27.81±19.18 <0.01

Fractional excretion of uric acid (%) 5.98±2.59 7.71±3.22 0.039

Table 2. Comparisons of each parameter before and 6 months after sodium-glucose cotransporter-2 inhibitor administration.

eGFR – estimated glomerular filtration rate, Cr – creatinine.
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 R P-value

Age (year) –0.44 0.030

Height (cm) 0.32 0.13

Body weight (kg) 0.36 0.083

Body mass index (kg/m2) 0.21 0.32

Systolic blood pressure (mmHg) –0.47 0.022

Diastolic blood pressure (mmHg) –0.047 0.83

Heart rate (/min) –0.35 0.24

Hemoglobin (g/dL) –0.11 0.61

Blood urea nitrogen (mg/dL) 0.32 0.13

Cr (mg/dL) 0.76 <0.01

eGFR (mL/min/1.73 m2) –0.51 0.011

Hemoglobin A1c (%) 0.22 0.31 

Low-density lipoprotein cholesterol (mg/dL) 0.41 0.053

Triglyceride (mg/dL) –0.052 0.81

Log urinary albumin/Cr (mg/g) 0.25 0.25

Log urinary protein/Cr (g/g) 0.17 0.45

Fractional excretion of glucose (%) 0.12 0.59

Fractional excretion of uric acid (%) 0.38 0.11

Table 3.  Relationships between serum uric acid levels and clinical parameters 6 months after sodium-glucose cotransporter-2 inhibitor 
administration.

eGFR – estimated glomerular filtration rate, Cr – creatinine.

 R P-value

Body weight (kg) 0.19 0.40

Body mass index (kg/m2) 0.19 0.40

Systolic blood pressure (mmHg) –0.19 0.41

Diastolic blood pressure (mmHg) –0.082 0.72

Heart rate (/min) –0.069 0.83

Hemoglobin (g/dL) –0.35 0.090

Blood urea nitrogen (mg/dL) 0.22 0.30

Cr (mg/dL) 0.47 0.020

eGFR (mL/min/1.73 m2) –0.47 0.022

Hemoglobin A1c (%) 0.21 0.33

Low-density lipoprotein cholesterol (mg/dL) 0.028 0.90

Triglyceride (mg/dL) 0.060 0.78

Log urinary albumin/Cr (mg/g) –0.21 0.35

Log urinary protein/Cr (g/g) 0.14 0.56

Fractional excretion of glucose (%) –0.13 0.58

Fractional excretion of uric acid (%) 0.14 0.58

Table 4.  Relationships between the percentage changes in serum uric acid levels and clinical parameters from baseline to 6 months 
after sodium-glucose cotransporter-2 inhibitor administration.

eGFR – estimated glomerular filtration rate, Cr – creatinine.
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Discussion

The results of the present study revealed significantly decreased 
serum uric acid levels compared to BP, blood glucose, and se-
rum lipids levels after the administration of an SGLT2 inhibitor. 
In addition, the results indicated that changes in serum uric 
acid levels may be associated with changes in renal function.

The mechanisms by which SGLT2 inhibitors lower serum uric 
acid level have not been completely elucidated until now. 
Previous large-scale clinical trials reported decreased serum 
uric acid levels after the administration of an SGLT2 inhibi-
tor [24,25]. Moreover, Andrade et al demonstrated a null prev-
alence of hyperuricemia and significantly higher FEUA values 
in 720 diabetic participants with glycosuria who were mem-
bers of a community-based health care program [26]. Lytvyn 
et al examined plasma uric acid levels and FEUA in type 1 di-
abetic patients by inducing glycosuria with SGLT2 inhibition 
while maintaining clamped euglycemia, and reported that gly-
cosuria rather than hyperglycemia increased uricosuria in the 
patients [27]. In addition, Chino et al found that the urinary 
excretion rate of uric acid could be increased by SGLT2 inhib-
itor-induced glycosuria in healthy subjects, and that the in-
creased concentration of glucose in the lumen by SGLT2 inhi-
bition stimulated uric acid excretion via glucose transporter 9 
(GLUT9) isoform 2 in the proximal tubule, and inhibited uric 
acid reabsorption via GLUT9 isoform 2 in the collecting duct in 
in vitro transport experiments [28]. Novikov et al showed disen-
gagement of urate transporter URAT1, responsible for the pro-
benecid-sensitive urate reabsorption, thereby enhancing urate 
excretion in nondiabetic mice with both genetic and pharma-
cological inhibition of SGLT2 [29]. These reports suggest that 
increased uric acid excretion in the proximal tubule due to 
increased glucose concentration contributes to the lowering 
effects on serum uric acid levels. However, until now, no ob-
vious evidence has yet been found in patient and animal mod-
els of type 2 diabetes. The present study observed significant 

differences in FEUA between levels before and 6 months af-
ter SGLT2 inhibitor treatment. However, there were no sig-
nificant relationships between serum uric acid and FEUA lev-
els at 6 months after administration of SGLT2 inhibitor, and a 
percentage change was not observed in serum uric acid and 
FEUA levels between baseline and 6 months after treatment 
with an SGLT2 inhibitor. Moreover, no significant relationships 
were found between FEglu and FEUA levels at 6 months after 
SGLT2 inhibitor administration (r=0.19 and p=0.44; data not 
shown), and the percentage change in FEglu and FEUA values 
between baseline and 6 months after SGLT2 inhibitor treat-
ment (r=0.25 and p=0.31; data not shown) in the present study. 
The accumulation of visceral fat causes insulin resistance or 
hyperinsulinemia. The magnitude of insulin resistance and 
serum uric acid concentration are significantly and positive-
ly related, and insulin resistance is also negatively correlated 
with urinary uric acid clearance [30]. Moreover, normal FEUA 
is 8.3%. Although the FEUA before SGLT2 inhibitor adminis-
tration was low (5.98±2.59%) in this study and increased sig-
nificantly after SGLT2 inhibitor administration to 7.71±3.22% 
(p=0.039), it remained relatively low. Therefore, the increase 
in urinary uric acid level may not have contributed greatly to 
serum uric acid levels, and serum uric acid levels were not sig-
nificantly and negatively correlated with FEUA in this study.

A significant positive association has been reported between 
serum uric acid level and obesity in adults [31]. Obesity is 
linked to the elevation of serum uric acid levels due to over-
production. In other words, visceral fat accumulation induc-
es an elevated influx of plasma free fatty acids into the liver 
and hepatic portal vein, which stimulates triglyceride synthe-
sis, followed by an associated surge in uric acid production 
through activation of the uric acid synthesis pathway, name-
ly the pentose phosphate cycle [32,33]. Thus, the ameliora-
tion of obesity by SGLT2 inhibitors may have improved serum 
uric acid levels in this study. However, significant relationships 
between serum uric acid levels, and serum triglyceride levels 

 

Model 1 Model 2 Model 3 Model 4

R=0.39 p=0.48 R=0.40 p=0.66 R=0.63 p=0.015 R=0.65 p=0.035

b p b p b p b p

Age (year) –0.37 0.15 –0.36 0.19 –0.43 0.023 –0.43 0.030

Sex –0.082 0.75 –0.067 0.82 –0.030 0.87 –0.031 0.88

Change of BMI (%) 0.079 0.78 0.069 0.73

Change of FEUA (%) 0.066 0.80 0.065 0.81

Change of sCr (%) 0.41 0.038 0.42 0.041

Table 5.  Multiple linear regression analyses of the percentage changes in serum uric acid levels from baseline to 6 months after 
sodium-glucose cotransporter-2 inhibitor administration.

BMI – body mass index, FEUA – fractional excretion of uric acid, sCr – serum creatinine.
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or BMI 6 months after the administration of SGLT2 inhibitors 
were not observed. Moreover, significant relationships between 
the percentage change in serum uric acid levels, and serum 
triglyceride levels or BMI from baseline to 6 months after the 
administration of an SGLT2 inhibitor were also not observed. 
Therefore, whether serum uric acid levels were significantly 
decreased by amelioration of body weight or serum triglycer-
ide levels could not be determined.

The gut and kidney are responsible for approximately one-
third and two-thirds of daily uric acid disposal, respective-
ly. All or nearly all uric acid is readily available for filtration at 
the glomerulus. Therefore, renal function, namely GFR, is one 
of the most important determinants of serum uric acid levels. 
This study observed a significant relationship between serum 
uric acid levels and serum Cr levels 6 months after SGLT2 in-
hibitor administration. Significant relationships between the 
percentage changes of serum uric acid levels and serum Cr lev-
els from baseline to 6 months after SGLT2 inhibitor administra-
tion, after adjusting for age, sex, and the percentage change 
of BMI, were also observed. These results suggest that renal 
function determined the serum uric acid levels in the pres-
ent study. However, the lack of significant differences in re-
nal function before and after SGLT2 inhibitor administration 
was contrary to this hypothesis. Additional large-scale clini-
cal studies are necessary to identify mechanisms contributing 
to the serum uric acid-lowering effects of SGLT2 inhibitors in 
type 2 diabetic patients.

Elevated serum uric acid levels are associated with gout at-
tacks [34]. Recent evidence also suggests a significant associa-
tion between hyperuricemia and chronic kidney disease [35,36], 
metabolic syndrome [37], hypertension [38], and cardiovascular 
events [39,40]. These organ damages are mainly mediated by 
endothelial dysfunction [41]. Therefore, clinicians should con-
sider more aggressive use of SGLT2 inhibitors to decrease se-
rum uric acid levels and protect against some organ damage.

While the previous study indicated that HbA1c reduced by 
0.41% due to the administration of dapagliflozin at week 24 
in Japanese patients with type 2 diabetes [42], this study dem-
onstrated that HbA1c decreased by only 0.09% using SGLT2 in-
hibitors. The decreased levels in this study were considerably 
less compared with those in the previous study. Moreover, al-
though the decreased levels of BW were only 1.68 kg in this 
study, they were 2.13 kg in the previous study. These results 
suggest that dietary management was not controlled well and 
that glucose intake increased after the administration of SGLT2 
inhibitors in the patients of this study. This may be why HbA1c 
levels did not decrease significantly in this study.

This study has some limitations. First, we performed the sin-
gle-center cohort study. In addition, because we would like to 
show which effects are pronounced and what mechanisms 
are associated with these effects among the pleiotropic ef-
fects of SGLT2 inhibitors, we prohibited the primary physi-
cians from adding new drugs and changing the dosages or 
types of all prescribed drugs for 6 months after the admin-
istration of SGLT2 inhibitors. Therefore, the sample size was 
relatively small. As a result, serum uric acid levels may not be 
correlated with FEUA. These results require confirmation by 
large-scale clinical studies. Second, although their physicians 
directed the patients to perform diet and exercise therapies, 
the levels of adherence may have differed among patients. 
Finally, the SGLT2 inhibitor was not restricted to a single for-
mulation. For example, 5 mg/day of dapagliflozin was admin-
istered to 23 patients while one patient received 50 mg/day 
of ipragliflozin. Therefore, the different SGLT2 inhibitors like-
ly had only subtle influences on the results.

Conclusions

Serum uric acid levels were immediately decreased by the ad-
ministration of SGLT2 inhibitors, unlike BP, albuminuria, pro-
teinuria, and blood glucose, and serum lipids levels. The chang-
es in serum uric acid levels by SGLT2 inhibitor administration 
may be associated with changes in renal function.
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