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1 | INTRODUCTION

Impaired glucose metabolism, such as impaired glucose tolerance

(IGT) and type 2 diabetes mellitus, is related to dyslipidaemia and

An integrated analysis was performed with data from 4 phase 2 and phase 3 studies of tofogli-
flozin in which patients with type 2 diabetes mellitus received the sodium-glucose cotranspor-
ter 2 inhibitor tofogliflozin for up to 24 weeks. Sex differences, baseline haemoglobin Alc
(HbA1c) and serum uric acid (UA) levels, and logio-transformed urinary N-acetyl-p-D-
glucosaminidase ratio were significantly correlated with the reduction in serum UA levels at
both 4 and 24 weeks in multivariate analysis (respectively, P < .0001). The decrease in HbA1lc
levels was greatest in the group with the highest baseline HbA1c level (quartile 4; HbAlc >
8.6%) and lowest in the group with the lowest baseline HbA1lc level (quartile 1; HbAlc <
7.4%). The decrease in serum UA levels was greatest in the quartile 1 group and lowest in the
quartile 4 group. In most groups, the maximum decrease in serum UA levels was seen in the
first 4 weeks, while the maximum decrease in HbAlc was seen at week 24. Thus, serum UA
levels were significantly decreased in patients with moderate HbA1c levels.

KEYWORDS

sodium-glucose cotransporter 2 inhibitor, tofogliflozin, uric acid, urinary N-acetyl-p-D-

glucosaminidase

hyperuricaemia. Data from the US Third Health and Nutrition Exami-
nation Survey have shown that serum levels of uric acid (UA) are
closely related to glucose levels.? Tofogliflozin, an oral hypoglycaemic

agent developed by Chugai Pharmaceutical Co. Ltd., Kowa Co. Ltd.,
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and Sanofi K.K., is an inhibitor of sodium-glucose cotransporter 2 -
(SGLT2). The inhibitory mechanism of tofogliflozin is independent of
insulin secretion, which blocks glucose reabsorption in the renal prox-
imal tubule and facilitates urinary glucose excretion. Tofogliflozin
(HbA1c) and body
weight.2™* Recent studies of treatment with an SGLT2 inhibitor have

reduces glycosylated haemoglobin levels
shown positive effects, not only on glucose metabolism, but also on
serum lipid and UA levels.>® Additionally, SGLT2 inhibitors have been
reported to exert salutary effects on cardiovascular risk factors.” In
particular, a recent meta-analysis clearly indicated that these inhibi-
tors reduced serum UA levels.®2 However, to our knowledge, the rela-
tionship between improved glycaemic control and serum UA level
reduction has not been investigated in regard to the efficacy of tofo-
gliflozin or other SGLT2 inhibitors.

The aims of the present study were to determine the effects of
glycaemic conditions and serum UA levels on the efficacy of tofogli-
flozin and to determine factors predicting decreases in serum UA

levels.

2 | RESEARCH DESIGN AND METHODS

An integrated analysis was performed with data from 4 phase 2 and
phase 3 studies of tofogliflozin (Table S1) lasting at least 24 weeks
and which included patients with type 2 diabetes mellitus. The results
of treatment were compared between a placebo and different doses
of tofogliflozin. All studies were performed in accordance with the
Declaration of Helsinki and Good Clinical Practice. The protocols
were reviewed and approved by the institutional review board of
each participating centre. All patients provided written informed con-
sent before enrolment.

To assess the effect of baseline HbAlc levels and serum UA
levels, the patients treated with tofogliflozin were divided into
4 groups, according to baseline HbAlc levels: patients with HbAlc
quartile 1(HbA1c < 7.4%), quartile 2 (7.4% < HbA1c < 7.9%), quartile
3(7.9% < HbA1c < 8.6%) and quartile 4 (HbA1c > 8.6%). Supplemen-
tary information 1 was provided as additional information (research
design and methods).

2.1 | Statistical analysis

To determine differences among quartile groups, the changes in
serum UA values from baseline to Week 24 were analysed using an
analysis of covariance (ANCOVA) model, with the quartile group as a
fixed effect and baseline UA and estimated glomerular filtration rate
(eGFR) values as covariates. Similarly, changes in HbAlc were ana-
lysed with the baseline eGFR value as a covariate. For each quartile
group, patient demographics were summarized with appropriate
descriptive statistics (means and standard deviation [SD] for continu-
ous variables and counts and percentages for categorical variables).
Differences in changes across the quartile groups were also analysed
with analysis of variance (ANOVA) and Fisher's exact test.

To identify baseline clinical factors that might affect serum UA
levels at Weeks 4 and 24, 22 variables were included at baseline as

potential factors in a multivariable model, with variables selected as

clinically significant factors. Multivariate analysis was followed with
stepwise model selection with P values <.05. From all 4 studies
(CSG003JP, CSG0O04JP, CSGO05JP, and CSGOO06JP), data up to
24 weeks were used. The (two-sided) significance level for each test
was .05 Supplementary information 2 was provided as additional

information (statistical analysis).

3 | RESULTS

The decreases in HbA1lc levels in those who received tofogliflozin
were significantly greater when baseline HbAlc levels were higher
(P < .001 among groups) (Figure 1). HbA1c levels decreased in all
4 quartile groups (quartiles 1-4) after tofogliflozin was administered
for 24 weeks (P < .001 among all quartile groups). In contract, UA
levels decreased to a greater degree in patients with lower baseline
HbA1c levels (quartile 1 group). Furthermore, UA levels were lowest
after tofogliflozin had been administered for 4 weeks (except for the
levels in men in the quartile 4 group), but HbA1c levels gradually
decreased and became lowest after 24 weeks of treatment with tofo-
gliflozin (except for the levels in women in the quartile 1 group).
Serum HbA1c levels decreased significantly from baseline to Weeks
4 and 24. However, serum UA levels had decreased significantly from
baseline in women at Weeks 4 and 24 but not in men in the quartile
3 group at Week 24 or in the quartile 4 group at Weeks 4 or 24.

Sex differences, baseline levels of HbAlc and serum UA and
(NAG)-
creatinine ratio were significantly correlated with the reduction in
serum UA levels at both 4 and 24 weeks (Table 1) (P < .0001, respec-

tively). Baseline levels of serum UA and eGFR were negatively corre-

logio-transformed  urinary  N-acetyl-B-D-glucosaminidase

lated with reduction in serum UA levels at 4 and 24 weeks. Sex
differences (women) were also negatively correlated with reduction in
serum UA levels. When patients were also treated with angiotensin Il
receptor blockers or diuretics, the baseline level of HbAlc, logio-
transformed urinary albumin creatinine ratio and log,o-transformed uri-
nary NAG-creatinine ratio were positively correlated with the reduc-
tion in serum UA levels at 4 and 24 weeks. The degree of reduction in
serum UA levels was greater in the subjects who received tofogliflozin
than that in subjects who received a placebo (Figure S1). Additionally,
in the subjects receiving tofogliflozin, the decreases in serum UA levels

from baseline to week 24 were observed, regardless of the sexes.

4 | DISCUSSION

The factors affecting the reduction in UA levels were baseline serum
levels of UA and HbAlc, the patient’s sex and the urinary NAG-
creatinine ratio. The decrease in serum UA level was greater when
the baseline serum UA level was higher.

In the present study, tofogliflozin also induced a greater reduc-
tion in HbA1c levels when the baseline HbAlc level was higher. An
SGLT2 inhibitor induces weight loss, which might improve insulin
resistance. A previous study showed that serum UA levels monotoni-
cally increased with an increase in fasting C-peptide levels, which is

similar to the increase in serum insulin levels and insulin resistance.!
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FIGURE1 Change in glycosylated haemoglobin (HbA1c) levels (right panels) and uric acid levels (left panels) from baseline until Week 24 in
patients receiving tofogliflozin. A, Men. B, Women. Least squares mean (standard error) (last observation carried forward [LOCF]). Analysis of
covariance (ANCOVA) between groups. **P < .001, n.s.; not significant one sample t-test vs baseline. Adjusted with baseline uric acid and
estimated glomerular filtration rate (eGFR) as covariates for change in uric acid. Adjusted with baseline eGFR as a covariate for change in HbAlc

Therefore, if insulin resistance or HbAlc levels decrease after admin-
istration of an SGLT2 inhibitor, serum UA is also thought to decrease.
However, in the present study (Figure S2), the change in serum levels
of HbA1c and UA tended to be negatively correlated in women, but
uncorrelated in men. A reduction in serum UA levels might not be
accompanied directly by a reduction in HbAlc. The reducing serum
UA levels plateaued at 4 weeks after receiving the SGLT2 inhibitor.
Improvement of insulin resistance with weight loss might have had
only a limited influence on the reduction of serum UA levels, if any.
The glycaemic control markers were significantly lower at baseline in
patients with a decreased UA level than in patients with an increased
UA level (Table S2). In addition, the absence of higher HbA1c levels
at baseline was an independent factor for reduction in serum UA
level achieved with tofogliflozin administration at both 4 and

24 weeks. An increase in the tofogliflozin dosage did not correlate

with a reduction in the serum UA level in the present study. Similarly,
in previous research with canagliflozin® and in a recent meta-
analysis,® no significant association was revealed between serum UA
reduction and most of the SGLT2 inhibitors with a larger dosage.

The main finding of the present study, which was a unique feature,
is that the transitive reductions of serum UA levels and HbAlc levels
differed, demonstrated as a difference in the shape of the line graphs
(Figure 1) in tofogliflozin-administered patients. The serum levels of UA
and HbA1c both decreased in general but were not clinically relevant.
A previous cohort study® found that serum UA levels increased with
moderately increased levels of HbAlc, and then decreased as levels of
HbA1c increased further (a bell-shaped relationship). In the state of nor-
mal to moderately increased levels of HbAlc, serum UA levels are likely
to be influenced by insulin resistance.® When the blood glucose level is

greater than 10 mmol/L (approximately 180 mg/dL), glycosuria can lead
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TABLE1 Baseline factors influencing degrees of uric acid reduction

Factors i) P
Multivariate analysis for uric acid reduction at week 4
Tofogliflozin (40 mg vs 10 mg) 0.12 .19
Tofogliflozin (40 mg vs 20 mg) 0.07 .10
Sex (women) -0.46 <.0001*
Angiotensin receptor blocker 0.13 .0034
Diuretics 0.19 .0176
Age (years) -0.01 .0065
HbA1c (%) 0.15 <.0001*
Uric acid (mg/dL) -0.31 <.0001*
Fasting plasma glucose (mg/dL) 0.002 .0039
Log1o-transformed urinary albumin- 0.07 <.0001*
creatinine ratio (log1o mg/g Cr)
Log,o-transformed urinary NAG- 0.19 <.0001*
creatinine ratio (log4o U/g Cr)
eGFR (mL/min/1.73 m?) -0.01 <.0001*
Multivariate analysis for uric acid reduction at week 24
Tofogliflozin (40 mg vs 10 mg) 0.10 .3458
Tofogliflozin (40 mg vs 20 mg) -0.004 93
Sex (women) -0.56 <.0001*
Angiotensin receptor blocker 0.13 .0137
Diuretics 0.27 .0038
Body mass index (kg/m?) 0.02 .0006
HbA1c (%) 0.21 <.0001*
Homeostatic model assessment of 0.005 .0116
insulin resistance
Uric acid (mg/dL) -0.3 <.0001*
Log1o-transformed urinary albumin- 0.05 .0093
creatinine ratio (log1o mg/g Cr)
Log,o-transformed urinary NAG- 0.2 <.0001*
creatinine ratio (log4o U/g Cr)
eGFR (mL/min/1.73m?) -0.003 .0427

Selected factors for the multivariate analysis: dosage of tofogliflozin, age,
sex, duration of diabetes, glycosylated hemoglobin (HbAlc), fasting
plasma glucose, glycoalbumin, homeostatic model assessment of insulin
resistance, homeostatic model assessment of p cell function, systolic
blood pressure, body mass index, logio-transformed urinary albumin-
creatinine ratio, logig-transformed (2 microglobulin-creatinine ratio,
logyo-transformed N-acetyl-p-D-glucosaminidase (NAG)-creatinine ratio,
estimated glomerular filtration rate (eGFR), statin, angiotensin receptor
blocker, calcium channel blocker, diuretics, antihypertensive drugs, antihy-
peruricemic drugs, uric acid.

*P < .0001.

to uricosuria, which might be the biological mechanism underlying the
bell-shaped relationship.” However, in the quartile 3 (7.9% < HbAlc <
8.6%) and quartile 4 (HbAlc > 8.6%) groups of the present study,
serum UA levels decreased in women, but were unchanged in men,
despite reduced HbA1c levels. Choi et al. reported that the positive
association between HbAlc levels (<7%) and serum UA levels was
stronger in women than in men, and that the inverse association
between HbAlc levels (27%) and serum UA levels was significantly
stronger in men than in women.*

Urinary NAG is known to be a clinical marker of tubular damage
and is increased in conditions of poor glycaemic control. For example,
it is higher in patients with IGT than in patients with normal glucose
tolerance and it is significantly and positively correlated with HbA1c

levels.’® Furthermore, a prospective study showed that 24-hour

urinary NAG excretion was increased in patients with type 2 diabetes
mellitus during conventional insulin therapy, but decreased in those
receiving intensive insulin therapy.** Through the analysis of longitu-
dinal data, we have demonstrated that the urinary NAG-creatinine
ratio reflected long-term blood glucose control in diabetes patients.!?
Therefore, a relationship between increased urinary NAG and poorer
glucose metabolism is likely. In addition, serum glucose levels are
related to urinary NAG, and serum UA levels may also be related to
urinary NAG. As shown in Table S3 and Figure 1, patients with better
glycaemic control have a lower urinary NAG-creatinine ratio, and the
reduction in serum UA level after receiving an SGLT2 inhibitor is
stronger. However, the mechanism of interaction between NAG and
UA remains unclear.

The level of serum 1,5-anhydroglucitol (1,5-AG) is believed to
decrease in patients who received an SGLT2 inhibitor.*® A small num-
ber of studies demonstrated a strong positive correlation between
serum UA and 1,5-AG levels.'* 1% Yamanouchi et al. and the authors
of the present study have shown negative associations between uri-

18,19 and

nary NAG (U/L) levels,*” urinary NAG-creatinine ratio levels
serum 1,5-AG. From the results of these studies, we are unable to
exclude the possibility that 1,5-AG was a mediator between the
reduction in serum UA levels and treatment with SGLT2 inhibitors.

A limitation of this study is that some data were missing, such as
levels of serum 1,5-AG, urinary glucose and urinary UA. Despite this,
we have reported, using multivariate analysis, a relationship between
the change in serum UA levels and baseline characteristics in patients
with type 2 diabetes who are receiving tofogliflozin.

In conclusion, the present study is, to the best of our knowledge,
the first to demonstrate that serum UA levels decrease in patients
with diabetes who have received an SGLT2 inhibitor, especially in
those whose HbA1c levels are not greatly elevated before treatment.
A further prospective long-term study of cohorts, in vitro molecular
action and pharmacological studies are required to confirm this pre-
sumed association.
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