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Abstract 

Background: Dipeptidyl peptidase-4 (DPP-4) inhibitors and sodium–glucose co-transporter 2 (SGLT2) inhibitors 
improve hyperglycemia, and the usefulness of co-administration of DPP-4 inhibitors and insulin therapy has been 
well established. However, it has been still uncertain whether combination therapy of SGLT2 inhibitors and insulin 
is superior to that of DPP-4 inhibitors and the latter. Therefore, we investigated the superiority of dapagliflozin on 
glucose fluctuation compared with DPP-4 inhibitors in patients with type 2 diabetes mellitus (T2DM) on insulin using 
a continuous glucose monitoring (CGM) system.

Methods: In this prospective, randomized, open-label controlled trial, 36 patients with T2DM and treated with DPP-4 
inhibitors and insulin therapy, were enrolled and allocated into two groups. The patients either switched their DPP-4 
inhibitors to dapagliflozin 5 mg for 12 weeks, or continued their DPP-4 inhibitors for the same period. CGM analyses 
and metabolic markers were assessed before and after treatment periods.

Results: In total, data from 29 patients were analyzed. There were no significant differences in the mean amplitude of 
glycemic excursions and other CGM profiles in either group after treatment. Within the dapagliflozin treatment group, 
significant reductions of body mass index and albuminuria, and increases of HbA1c, hemoglobin and hematocrit 
were observed, but improvement of albuminuria was not significant if compared with the DPP-4 continuation group.

Conclusions: Combination therapy of dapagliflozin and insulin was not superior in glucose fluctuation to DPP-4 
inhibitors on insulin. However, dapagliflozin may in part provide favorable effects on metabolism in patients with 
T2DM treated with insulin therapy.
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Background
Important goals for treatment of patients with diabetes 
mellitus include suppression of macro- and microvas-
cular complications and maintenance of good mortality 
related with these patients’ high risk for cardiovascular 
diseases (CVD) [1]. Recent comprehensive care to avoid 
cardiovascular risk factors dramatically reduced diabetic 
complications [2]; however, the mortality is still higher 
in patients with diabetes compared with that of those 
without [3]. Recently it has been suggested that glucose 
fluctuation is closely related to endothelial cell damage 
[4], known to be the first stage of atherosclerosis and a 
predictor of CVD [5]. Moreover, mean amplitude of gly-
cemic excursions (MAGE), which is a marker of daily 
blood glucose variability relating to higher postprandial 
blood glucose or hypoglycemia, is known to be an impor-
tant factor in determining the severity of coronary artery 
disease, independent of HbA1c. It is also an independent 
predictor of mortality [6]. Additionally, MAGE was also 
reported to correlate closely with oxidative stress in vivo 
[7]. To overcome the risk of CVD, it would be important 
to manage glycemic fluctuation.

To date, several anti-hyperglycemic agents are avail-
able, but remedies that can suppress glucose variability 
are limited. One of such agents, dipeptidyl peptidase-4 
(DPP-4) inhibitors, has been known to exert glucose level 
dependent hypoglycemic action [8]. Additionally, combi-
nation therapy using insulin injection and DPP-4 inhibi-
tors has reduced HbA1c levels and hypoglycemic events 
and also reduced glucose fluctuation such as the M value 
compared with insulin treatment alone [9, 10]. However, 
some sodium–glucose co-transporter 2 (SGLT2) inhibi-
tors have been shown to be potent suppressors of car-
diovascular risks [11, 12], but the effectiveness of SGLT2 
inhibitors on suppressing glucose fluctuations in patients 
with type 2 diabetes mellitus, especially compared with 
DPP-4 inhibitors, has not been clarified. In this trial, we 
aimed to assess the effects of dapagliflozin, one of the 
SGLT2 inhibitors, on glucose fluctuation in patients with 
type 2 diabetes mellitus on insulin using a prospective, 
randomized parallel-group comparison study design.

Methods
Study population
We defined the inclusion criteria as follows: subjects 
with type 2 diabetes mellitus who were treated with a 
combination of the usual dose of DPP-4 inhibitors with 
any kind of insulin therapy for more than 3 months, and 
aged 20–80 years with an HbA1c level between 6.0 and 
9.0%. Other oral hypoglycemics such as metformin, sul-
phonylureas, glinides, thiazolidine and alpha-glucosidase 
inhibitors were allowed and continued during the study 
period. We excluded patients if they were pregnant, had 

persistent elevation of serum transaminase levels (more 
than three times the upper limit of normal), had renal 
dysfunction [estimated GFR <45 mL min−1 (1.73 m2)−1], 
or had low body mass index (BMI <22 kg m−2).

Protocol
This open-labelled, prospective, randomized, parallel-
group comparison study was conducted in Hokkaido 
University Hospital. Following enrolment, all individu-
als were randomly assigned to a group by an independ-
ent organization at the beginning of the study to either 
continue their DPP-4 inhibitor treatment or change 
to dapagliflozin 5  mg once daily according to their age, 
BMI, HbA1c and eGFR levels. The participants moni-
tored their daily glucose levels during conventional treat-
ment for 3–5 days using a continuous glucose monitoring 
(CGM) system  (iPro2®, Medtronic MiniMed, North-
ridge, CA, USA). After initial assessments, they were 
treated with prior DPP-4 inhibitors or 5 mg dapagliflozin 
for 12 weeks. The doses of insulin were titrated accord-
ing to the Japan Diabetes Society guidelines, targeted at 
<130  mg  dL−1 for average pre-meal blood glucose lev-
els and <180 mg dL−1 for average 2-h postprandial glu-
cose levels. Other medications were continued without 
change and all patients were encouraged to continue diet 
and exercise therapy during the study period. At the end 
of the study, glucose monitoring using CGM for 3–5 days 
was again performed. For biochemical analyses, fasting 
blood and urine samples were measured at the times of 
fitting the CGM system.

The primary endpoint of the study was the extent of 
change in MAGE [13]. Briefly, MAGE was calculated 
for each subject by taking the arithmetic mean of CGM 
values increased or decreased (from nadirs to peaks or 
vice versa) when both ascending and descending seg-
ments exceeded the value of one standard deviation 
(SD) of the CGM values for the same 24-h period. Sec-
ondary endpoints were changes in mean blood glucose, 
SD and hyper- or hypoglycaemia in the CGM (>180 or 
<70  mg  dL−1), surrogate markers of beta-cell function 
and metabolic parameters. Concerning the diagnosis of 
diabetic nephropathy, the definition was based on the 
urine albumin to creatinine ratio ≥300 mg g−1 creatinine 
[14]. The subject enrolment period was from 7 Septem-
ber 2014 to 30 September 2016. The last subject com-
pleted the study in February 2017.

Statistical analyses
The sample size was determined by assuming that dapa-
gliflozin would improve MAGE by at least 60  mg  dL−1 
(SD =  50.0), based on a previous study which assessed 
efficacy of 5  mg  day−1 dapagliflozin in patients with 
diabetes [15]. It was determined that 32 patients were 
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needed to detect a significant difference with at least 
a power of 80% and statistical significance of 5%. To 
account for the potential loss of subjects, the sample 
size was set at 36 patients (18 per group). Results are 
expressed as mean ± SD or medians and 25–75% quar-
tile. Differences of baseline characteristics between 
groups were assessed by unpaired t test or Mann–Whit-
ney U test for continuous variables and Fisher’s exact 
test for categorical variables. The Kolmogorov–Smirnov 
test for normality was used to determine the appropri-
ate statistical test for the continuous variables. Analysis 
was done on the full-analysis set, which was defined as 
all treated participants with available pre- and post-CGM 
assessments. For the primary analysis, the effects of dapa-
gliflozin compared with DPP-4 inhibitors on MAGE were 
assessed by unpaired t test. Mean changes of metabolic 
parameters in both groups between baseline and the end 
of the survey were analyzed as the secondary analyses. 
We also employed paired t test or Wilcoxon signed-rank 
test for comparison of pre- and post-treatment. Group 
comparison for the differences of mean changes was per-
formed using unpaired t test or Mann–Whitney U test. 
A p value <0.05 was considered statistically significant. 
Data were analyzed using Ekuseru-Toukei 2012 software 
(Social Survey Research Information, Tokyo, Japan).

Results
Baseline characteristics
We enrolled 36 individuals and randomly assigned all 
participants to two groups with 18 participants each. 
After enrolment, five participants did not complete the 
first CGM examination for the following reasons, three 
for consent withdrawal and one each for relocation and 
ineligibility to the criteria (low adherence). The remain-
ing 31 participants received the first CGM assessment 
but two later dropped out. In total, 29 participants com-
pleted the CGM assessments.

Because our study was based on treatment assignment, 
we used the full-analysis set for our analyses. Table  1 
presents the baseline characteristics of participants, 
comprising 12 women and 17 men with a mean age of 
61.4 ±  8.7  years and mean HbA1c level of 7.3 ±  0.8%. 
There were no statistical differences in age, MAGE, lev-
els of HbA1c, duration of diabetes, BMI, liver and renal 
functions between groups at the baseline. Only sex and 
urine albumin to creatinine ratio differed. However, prev-
alence of diabetic nephropathy did not show a significant 
difference. All were treated with insulin therapy with the 
usual dose of DPP-4 inhibitors with or without other per-
oral hypoglycemic agents. None of the participants dis-
continued dapagliflozin due to adverse events, although 

Table 1 Clinical characteristics of the full analysis set

Values are presented as the mean ± SD or median (range). p value of Dapagliflozin vs. DPP-4 inhibitors groups. § Mann–Whitney U test was applied to the following 
factors: estimated GFR, ALT, and the total insulin dose

ALT alanine-aminotransferase, LDL low-density lipoprotein, GFR glomerular filtration rate, UACR urine albumin to creatinine ratio, MDI multiple daily injection, Mix 
mixed insulins, Basal long-acting insulin, DPP-4 dipeptidyl peptidase-4 inhibitors, Met metformin, SU sulphonylureas/glinides, TZD thiazolidines, αGI alpha-glucosidase 
inhibitors
a Data from 28 patients

Variables Dapagliflozin (n = 14) DPP-4 inhibitors (n = 15) p value

Age (years) 63.0 ± 7.7 60.0 ± 9.6 0.36

Female sex (n) 2 10 0.01

Duration of disease (years) 17.1 ± 7.9 14.8 ± 10.4 0.50

Hemoglobin A1c (%) 7.1 ± 0.8 7.4 ± 0.7 0.33

Body mass index (kg m−2) 26.5 ± 4.6 25.7 ± 2.5 0.61

Hemoglobin (g dL−1)a 14.1 ± 1.5 13.5 ± 1.7 0.35

Hematocrit (%)a 41.8 ± 4.5 40.7 ± 4.8 0.53

ALT (U L−1) 32 (17–45) 17 (14–22) 0.07§

Uric acid (mg dL−1) 5.6 ± 1.6 5.3 ± 1.3 0.61

Estimated GFR [mL min−1 (1.73 m2)−1] 68.8 (63.9–76.0) 73.7 (63.2–77.0) 0.76§

Diabetic nephropathy (%)a 7.1 28.6 0.33

Log  UACRa 1.93 ± 0.85 1.33 ± 0.52 0.04

The total insulin dose (U) 11 (8–22) 14 (10–20) 0.54§

Insulin regimen (n)

 MDI/mix/basal 1/3/10 1/4/10 0.95

Diabetic medication (n)

 DPP-4i/Met/SU/TZD/αGI 14/10/3/1/3 15/13/3/2/1 0.80
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one case discontinued for other reasons as described 
previously.

Glucose fluctuation and glycemic control
As shown in Table 2 and Figs. 1, 2, the baseline CGM data 
were not significantly different between groups. Dur-
ing observation periods, MAGE was slightly increased 
in both groups; however, changes were not statistically 
significant (dapagliflozin; p  =  0.52, DPP-4 inhibitors; 
p  =  0.11). Similarly, there were no significant changes 
for mean blood glucose, SD of glucose levels, frequency 
of high or low blood glucose (>180 or <70 mg dL−1), and 
night-time hypoglycaemia between pre- and post-treat-
ment in both groups. Concerning the surrogate markers 
of glycemic control, HbA1c was significantly increased 
only in the dapagliflozin group (p  =  0.005), but this 
change did not show significant differences between the 
groups (p =  0.30) (Table 3). Throughout the study, par-
ticipants maintained insulin regimens and total insulin 
dosages did not significantly change.

Other metabolic parameters and relationships 
between MAGE
Dapagliflozin treatment significantly ameliorated BMI 
and albuminuria (p = 0.002 and 0.045, respectively) and 
elevated hemoglobin and hematocrit levels (p  =  0.03 
and 0.01, respectively), but not between group compari-
sons of albuminuria and hemoglobin (p = 0.052 and 0.13, 
respectively). Because there was a significant difference 

Table 2 Comparison of glucose variability in the two groups between baseline and endpoint

Baseline data are presented as the mean ± SD or median (25–75% CI). p values: mean changes from baseline to the end of the study between the Dapagliflozin group 
and the DPP-4 inhibitors group. † Mann–Whitney U test

MAGE mean amplitude of glycemic excursions, 24-h all day, SD standard deviation, AUC area under the curve, nighttime 00:00 to 08:00 h

Variables Dapagliflozin (n = 14) DPP-4 inhibitors (n = 15) Change difference 
between groups p 
valueBaseline Endpoint Mean change (95% 

CI)
Baseline Endpoint Mean change (95% 

CI)

MAGE (mg dL−1) 86.0 ± 29.4 91.0 ± 34.2 5.0 (−11.6 to 21.7) 89.8 ± 24.1 105.0 ± 30.9 15.2 (−3.8 to 34.3) 0.39

24-h mean blood 
glucose (mg dL−1)

147.4 ± 26.6 144.6 ± 22.7 −2.8 (−13.6 to 8.0) 150.5 ± 21.8 155.2 ± 26.1 4.7 (−7.1 to 16.4) 0.32

24-h SD values 
glucose levels

35.3 ± 11.4 39.1 ± 11.7 3.9 (−1.7 to 9.4) 37.5 ± 8.5 43.6 ± 11.7 6.1 (0.0 to 12.3) 0.56

24-h AUC > 180 
(mg dL−1 day−1)

6.9 ± 6.3 6.9 ± 6.1 −0.1 (−4.0 to 3.9) 7.3 ± 6.3 11.6 ± 10.0 4.2 (0.6 to 7.8) 0.09

24-h AUC < 70 
(mg dL−1 day−1)

0 (0–0) 0.1 (0–0.3) 0 (−0.5 to 1.0) 0 (0–0.1) 0 (0–0.1) 0.0 (−1.0 to 0.5) 0.21†

Nighttime AUC < 70 
(mg dL−1 day−1)

0 (0–0) 0 (0–0.4) 0 (0 to 1.0) 0 (0–0) 0 (0–0) 0.0 (−0.2 to 1.0) 0.05†

The total insulin dose 
(U kg−1)

0.23 ± 0.19 0.23 ± 0.21 0.00 (−0.03 to 0.02) 0.25 ± 0.13 0.25 ± 0.13 0.00 (−0.01 to 0.01) 0.64

Fig. 1 Average glucose profiles during treatment with dapagliflozin 
and DPP-4 inhibitors. The black solid line and grey solid lines show 
the mean and SD at baseline, respectively. The black dotted line and 
grey dotted lines show the mean and SD at the end of the study, 
respectively
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in the baseline urine albumin-to-creatinine ratio (UACR) 
between groups, we compared ΔUACR between groups 
using an analysis of covariance adjusted for the baseline 
UACR. This analysis also showed that there was no sig-
nificant difference between ΔUACR in group comparison 
(p = 0.21, adjusted for baseline UACR). In addition, there 
was no significant correlation between baseline UACR 
and ΔUACR in the dapagliflozin group (r  =  −0.382, 
p =  0.18). Moreover, in comparison to the DPP-4 con-
tinuation group, liver alanine-aminotransferase eleva-
tion was significantly improved in the dapagliflozin group 
(p = 0.03) (Table 3).

With dapagliflozin treatment, eGFR was significantly 
higher in patients with improved MAGE compared 

with those without (p =  0.02) (Table  4), and the effects 
of dapagliflozin were partially diminished (not statisti-
cally significant) in participants with relatively impaired 
renal function (Table 5). No other metabolic or baseline 
characteristics including age, BMI, surrogate markers of 
glycemic control, duration of diabetes, and insulin doses 
correlated with improvement in MAGE.

Discussion
In this trial, we aimed to verify the superiority of dapa-
gliflozin to therapy with DPP-4 inhibitors and insulin in 
type 2 diabetes patients for MAGE. To date, some clinical 
studies have been conducted on the relationship between 
glycemic fluctuation and macrovascular risks. The risk 
factors for cardiovascular events such as endothelial 
cell function, oxidative stresses, and intra-media thick-
ness were shown to be strongly correlated with glycemic 
variability in patients with diabetes mellitus [7, 16, 17]. 
There is no robust evidence that suppression of glyce-
mic variability directly reverses cardiovascular events, 
but recently, some anti-diabetic remedies that can inhibit 
glucose fluctuation were shown to improve surrogate 
markers of cardiovascular risk factors [18, 19]. Therefore, 
it is important to moderate not only HbA1c but also gly-
cemic fluctuation.

Previous studies have shown that both DPP-4 inhibi-
tors and SGLT2 inhibitors affect glucose fluctuation. 
DPP-4 inhibitors have a potent hypoglycemic effect dur-
ing the hyperglycemic state via glucose-dependent insu-
lin secretion by increasing the active serum GLP-1 and 
GIP concentration, or by reducing hypoglycemia by 

Fig. 2 Comparison of individual changes in MAGE for each drug 
between the study baseline and endpoint. White circles and lines are 
mean and SD, respectively

Table 3 Changes between baseline and endpoint in metabolic and laboratory markers in the two groups

Values are mean ± SD or median (25–75% CI). P values: mean changes from baseline to the end of the study between the Dapagliflozin group and the DPP-4 
inhibitors group. † P < 0.05 and †† P < 0.01 between baseline and the end of the study, (paired t test or Wilcoxon signed-rank test). ‡ Mann–Whitney U test

BP blood pressure, ALT alanine-aminotransferase, LDL low-density lipoprotein, HDL high-density lipoprotein, GFR glomerular filtration rate, UACR urine albumin to 
creatinine ratio
a Data from 28 patients
b Data from 27 patients

Variables Dapagliflozin (n = 14) DPP-4 inhibitors (n = 15) Change difference 
between groups p valueMean change (95% CI) Mean change (95% CI)

HbA1c (%) 0.48 (0.17 to 0.79)†† 0.24 (−0.13 to 0.61) 0.30

Glycated albumin (%)a 1.04 (−0.14 to 2.21) 0.55 (−0.91 to 2.01) 0.58

Body mass index (kg m−2) −0.90 (−1.42 to −0.39)†† 0.12 (−0.12 to 0.36) 0.001

Systolic BP (mmHg)b −2.8 (−11.5 to 5.8) 4.5 (−5.7 to 14.6) 0.25

Diastolic BP (mmHg)b 4.1 (−3.2 to 11.4) 2.0 (−2.9 to 6.9) 0.61

Hemoglobin (g dL−1)a 0.44 (0.05 to 0.83)† 0.01 (−0.43 to 0.47) 0.13

Hematocrit (%)a 1.61 (0.46 to 2.77)† −0.23 (−1.61 to 1.15) 0.04

ALT (U L−1) −2.0 (−26.0 to 6.0) 1.0 (−4.0 to 11.0) 0.03‡

Uric acid (mg dL−1) −0.54 (−1.10 to 0.03) 0 (−0.37 to 0.32) 0.11

Estimated GFR [mL min−1 (1.73 m2)−1] 1.3 (−11.7 to 9.0) 3.0 (−4.9 to 13.6) 0.42‡

Log  UACRa −0.16 (−0.32 to 0)† 0.04 (−0.10 to 0.17) 0.05
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diminishing insulin secretion and cancelling glucagon 
suppression under normal to hypoglycemic conditions 
[20]. GIP has been reported to act as a potent insulin 
releaser under hyperglycemic conditions. Other hand, 
GIP is also thought to be a physiological bifunctional 
blood glucose stabilizer because insulin secretion action 
does not occur and the glucagon response was improved 
under normal or hypo-glycemic conditions [21]. These 
glucose level-dependent mechanisms of incretins suggest 
that DPP-4 inhibitors can improve glycemic control and 
reduce glucose fluctuations in patients with type 2 diabe-
tes mellitus compared with other insulin secretagogues 
[22]. Concerning the combination of the DPP-4 inhibi-
tors with insulin therapy, meta-analysis revealed that 
co-administration of DPP-4 inhibitors and insulin injec-
tion achieved better glycemic control without increasing 
hypoglycaemia [23].

SGLT2 inhibitors also possess hypoglycemic actions 
and a preferable effect on glucose variability. The effects 
of SGLT2 inhibitors rely on the filtered load of glucose, 
and thus it is expected that their hypoglycemic action will 
work potently under hyperglycemic conditions [24]. To 
avoid hypoglycemia under insufficient SGLT2 conditions, 
compensatory SGLT1 reabsorption prevents excessive 

glycosuria [25] and excessive hypoglycemic action may 
be inhibited. In addition, increasing the plasma glucagon 
concentration [26] and hepatic gluconeogenesis [26], and 
enhancing lipolysis in patients with type 2 diabetes mel-
litus may also prevent hypoglycemia [27]. A randomized 
controlled trial using CGM comparing luseogliflozin and 
a placebo with type 2 diabetes mellitus found significant 
improvements in glucose variability and mean blood 
glucose with luseogliflozin [28]. Even in type 1 diabe-
tes mellitus, dapagliflozin also reduced MAGE in a dose 
dependent manner [15], which provided evidence of the 
beta-cell independent effect of SGLT2 inhibitors on glu-
cose fluctuation. A recent prospective study comparing 
the efficacy of administration of SGLT2 inhibitor with a 
co-administration of DPP-4 inhibitor and SGLT2 inhibi-
tor on multiple insulin injection therapy revealed that 
there were no significant changes in MAGE and SD on 
sensor glucose measurements among insulin therapy 
alone, or with the addition of DPP-4 inhibitors and/or 
SGLT2 inhibitor. However, night-time hypoglycaemia was 
significantly decreased in regimen including the SGLT2 
inhibitor compared with insulin monotherapy [29].

Our study showed as follows; accompanied with insu-
lin, switching from DPP-4 inhibitors to dapagliflozin 

Table 4 Comparison of the backgrounds of dapagliflozin group with or without amelioration of MAGE

Values are mean ± SD. p value of amelioration vs deterioration groups

BMI body mass index, ALT alanine-aminotransferase, GFR glomerular filtration rate

Variables Dapagliflozin (n = 14) p value

Amelioration (Δ MAGE < 0) (n = 6) Deterioration (Δ MAGE ≥ 0) (n = 8)

Baseline MAGE (mg dL−1) 100.2 ± 25.3 75.3 ± 29.2 0.11

Age (years) 62.7 ± 8.9 63.3 ± 7.3 0.90

BMI (kg m−2) 25.9 ± 4.7 26.9 ± 4.9 0.71

Duration of disease (years) 16.7 ± 4.5 17.5 ± 10.0 0.84

HbA1c (%) 7.0 ± 0.5 7.2 ± 1.0 0.65

1,5-Anhydro-d-glucitol (μg mL−1) 8.3 ± 4.5 8.8 ± 5.1 0.85

ALT (IU L−1) 42.2 ± 39.7 35.8 ± 22.6 0.73

Estimated GFR [mL min−1 (1.73 m2)−1] 79.7 ± 12.5 62.2 ± 11.7 0.02

The total insulin dose (U) 21.7 ± 21.3 13.1 ± 7.8 0.38

Table 5 Comparison of the effects of dapagliflozin on metabolic parameters with or without renal dysfunction

Values are mean ± SD. p value of eGFR ≥ 70 vs eGFR < 70

eGFR estimated glomerular filtration rate, MAGE mean amplitude of glycemic excursions, BMI body mass index

Variables Dapagliflozin (n = 14) p value

eGFR ≥ 70
[mL min−1 (1.73 m2)−1]
(n = 6)

eGFR < 70
[mL min−1 (1.73 m2)−1]
(n = 8)

ΔMAGE (mg dL−1) −3.4 ± 24.1 11.4 ± 31.9 0.34

ΔHbA1c (%) 0.3 ± 0.7 0.6 ± 0.4 0.35

ΔBMI (kg m−2) −1.2 ± 0.4 −0.7 ± 1.1 0.31
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maintained an equivalent glucose fluctuation and all-day 
and nocturnal hypoglycaemia prevalence without sig-
nificant insulin dosage change. However, we could not 
verify the superiority of dapagliflozin compared with 
DPP-4 inhibitors in MAGE, and HbA1c deteriorated 
only in the dapagliflozin group. As described above, the 
DPP-4 inhibitors’ potency in reducing glucose fluctua-
tions has been shown. Switching to dapagliflozin did not 
show additional improvement on MAGE, which might 
be because baseline glucose variations were already sup-
pressed in response to the DPP-4 inhibitors in insulin 
therapy. In addition, this result might be somewhat dif-
ferent if insulin titration was performed to maintain pref-
erable glucose levels in the dapagliflozin group because 
generally glucose variation is influenced largely by mean 
blood glucose levels. That is, the higher the mean glu-
cose levels are, the higher the glucose fluctuation will be. 
Even in DPP-4 continuation, glycemic control worsened 
in some participants. Our protocol did not allow partici-
pants to change the dosage or frequency of their DPP-4 
inhibitors or other drugs taken for comorbidities in this 
group. Thus, deterioration of such changes observed in 
the DPP-4 inhibitor groups might be a result of adher-
ence to dietary and exercise therapy. Taken together, 
combination therapy with SGLT2 inhibitors and insu-
lin injection may be superior to insulin monotherapy in 
avoiding hypoglycaemia, and there seems to be no obvi-
ous differences between DPP-4 inhibitors and SGLT2 
inhibitors as a partner of insulin in this context.

In addition, our study revealed that patients with 
improved MAGE after dapagliflozin administration pos-
sessed relatively preferable renal function. DPP-4 inhibi-
tors are known to exert hypoglycemic action even with 
renal dysfunction [30]. On the other hand, the hypogly-
cemic effects of SGLT2 inhibitors rely on proper renal 
function. In addition, a previous report which assessed 
the efficacy of luseogliflozin on individuals with differ-
ent renal function using CGM revealed that patients with 
renal insufficiency showed not only attenuated glucose 
lowering effects but also a lack of SD improvement in the 
blood glucose [31]. Taken together, the effect on glucose 
fluctuation of SGLT2 inhibitors may require relatively 
good renal function.

Both DPP-4 inhibitors and SGLT2 inhibitors have 
been reported to have some pleiotropic effects on 
metabolisms other than the hypoglycemic action. Pre-
vious reports verified that incretin agents including 
DPP-4 inhibitors exert renal protective effects in  vitro 
and in vivo against increased renal oxidative stress under 
hyperglycemia [32]. The pooled analysis of prospective 
clinical trials using linagliptin resulted in significant 
improvement in albuminuria in patients with type 2 
diabetes mellitus and renal dysfunction independent of 

changes in blood glucose and blood pressure [33]. Our 
study showed that albuminuria improved only in the 
dapagliflozin group after switching from DPP-4 inhibi-
tors, but not between group comparison in the absence 
of a change in glucose fluctuation and blood pressure. 
The impact of SGLT2 inhibitors on renal protection has 
recently attracted much attention. In the diabetic state, 
the tubuloglomerular feedback system is known to break 
down and to result in causing glomerular hyper-filtra-
tion. It has been revealed that SGLT2 inhibitors reduced 
the reabsorption of glucose in the proximal tubule 
resulting in normalized tubuloglomerular feedback and 
glomerular hyper-filtration [34]. Although there are only 
a few large-scale clinical trials that have focused on the 
impact of SGLT2 inhibitors on renal protection, one of 
the SGLT2 inhibitors, empagliflozin, was reported to be 
associated with slower progression of kidney disease and 
lower rates of clinically relevant renal events in patients 
with type 2 diabetes mellitus [35].

Our data also showed significant elevation of hemo-
globin and hematocrit with dapagliflozin treatment. 
These phenomena were thought to be due to up-regula-
tion of erythropoietin rather than dehydration as previ-
ously reported [36], and such hematopoietic action might 
in part exert favorable effects on diabetic kidneys [37].

Finally, dapagliflozin significantly reduced BMI and liver 
enzyme as expected. Previously, we investigated the effects 
of ipragliflozin on body composition in Japanese patients 
with type 2 diabetes mellitus and revealed that body 
weight loss accompanied with improvement of liver dys-
function was driven mainly by reducing visceral fat mass 
and reducing water volume [38]. Even with co-adminis-
tration of SGLT2 inhibitors and insulin injection, a recent 
meta-analysis reported that this combination resulted in 
significantly lower HbA1c, body weight and insulin dos-
age compared with placebo [39]. Considering that DPP-4 
inhibitors do not affect body weight and insulin therapy 
tends to increase it, switching from DPP-4 inhibitors to 
dapagliflozin might possess merits from this point of view.

The strengths of our study are as follows: this was 
the first randomized controlled trial directly compar-
ing DPP-4 inhibitors and an SGLT2 inhibitor on glucose 
fluctuation in insulin therapy; there were no significant 
biases in the pre-treatment for type 2 diabetes mellitus 
in both study arms; and we could assess the relationship 
between glucose fluctuations and other metabolic param-
eters. However, our small sample size may limit our abil-
ity to draw a conclusion. Other major limitations of this 
study were a lack of double blinding, the short study 
duration, and a lack of dietary uniformity because of the 
ambulatory care setting. In addition, some participants 
withdrew their consent after study inclusion and rand-
omization. To resolve these potential issues, our findings 
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need to be validated with a larger scaled, long term, die-
tary-controlled double-blind trial.

Conclusions
In conclusion, combination therapy with dapagliflozin 
and insulin injection did not show glucose fluctuation 
superiority over DPP-4 inhibitors on insulin therapy. 
Although potential pleomorphic effects of dapagliflozin 
on metabolism might exist, further investigation would 
be necessary in future.
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