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ABSTRACT
Aims/Introduction: Increased blood glucose or increased weight is often observed in
patients who are prescribed sodium–glucose cotransporter 2 inhibitors (SGLT2i). The aim
of this study was to determine in advance which patients, among those prescribed a
SGLT2i, would be likely to have improved or worsened blood glucose levels and gain or
loss of weight through the use of real-world data-based prescriptions.
Materials and Methods: After 3 months of dapagliflozin prescription, patients were
divided into four groups: H(+)W(+) for improved glucose and weight loss; H(+)W(-) for
improved blood glucose and weight gain; H(-)W(+) for worsened glucose and weight
loss; and H(-)W(-) for worsened glucose and weight gain.
Results: The proportion of patients in the H(+)W(+) group was 53.5% (325/608 patients),
H(+)W(-) was 19.7% (120/608), H(-)W(+) was 26.8% (114/608) and H(-)W(-) was 8.1% (49/
608). The odds of proceeding to H(+)W(-) compared with H(+)W(+), which served as the
reference, were 144% in baseline hemoglobin A1c (HbA1c) 7.0–8.0%, 233% in baseline
HbA1c 8.0–9.0% and 359% in baseline HbA1c ≥ 9.0% (odds ratio 3.59, P < 0.05) compared
with the reference. The odds of proceeding to H(-)W(+) were 29, 13 and 8%, respectively
(all P < 0.05), and to H(-)W(-) were 17, 15 and 8%, respectively (all P < 0.05), compared
with the reference. The results were expected to vary individually, because changes in
blood glucose and bodyweight are more affected by diet and exercise than by drugs.
Conclusions: When first prescribing dapagliflozin, a physician should be aware of the
weight gain rather than glucose change if the baseline HbA1c is high, and might concen-
trate on weight-related lifestyle training, such as diet and exercise.

INTRODUCTION
Sodium–glucose cotransporter 2 inhibitors (SGLT2i) suppress
glucose reabsorption in the kidneys and increase glucose excre-
tion through urine, thereby lowering blood glucose1,2. The big-
gest advantage of these drugs is that they are also associated
with effects such as weight loss and a lower risk of hypo-
glycemia in addition to lowering blood glucose3,4. In the Ameri-
can Association of Clinical Endocrinologists guidelines5 and
Korean Diabetes Association guidelines6, SGLT2i is the highest
priority oral hypoglycemia agent (OHA) that can be adminis-
tered to patients who are unable to control blood glucose with
metformin alone.

SGLT2i are excellent OHAs in terms of their potent glucose-
lowering and weight loss effects. As such, many studies with
SGLT2i have reported that the group taking SGLT2i showed a
consistent weight loss effect compared with the control group7.
However, there is also a concern that patients taking SGLT2i
often gain weight resulting from significant calorie intake due
to weight loss. In the actual clinical field, SGLT2i prescription
is often associated with weight gain and secondary blood glu-
cose rise.
Some patients might achieve both goals of blood glucose loss

and weight loss after SGLT2i prescription8,9. On the contrary,
there will certainly be patients with increased blood glucose or
weight after SGLT2i administration. The difference in the out-
come might be due to the individual characteristics of patientsReceived 22 October 2020; revised 23 December 2020; accepted 15 January 2021

1594 J Diabetes Investig Vol. 12 No. 9 September 2021 ª 2021 The Authors. Journal of Diabetes Investigation published by Asian Association for the Study of Diabetes (AASD) and John Wiley & Sons Australia, Ltd
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

ORIGINAL ARTICLE

https://orcid.org/0000-0002-9109-2208
https://orcid.org/0000-0002-9109-2208
https://orcid.org/0000-0002-7002-7300
https://orcid.org/0000-0002-7002-7300
mailto:
http://creativecommons.org/licenses/by-nc-nd/4.0/


who are prescribed and taking the SGLT2i. Thus, it is impor-
tant to predict which patients, among those prescribed a
SGLT2i, would be likely to have improved or worsened blood
glucose levels and gain or lose weight. Nevertheless, identifica-
tion of risk factors affecting patients’ blood glucose or weight
based on personal information or blood tests evaluated in the
hospital is highly valuable to the physicians prescribing SGLT2i.
Therefore, in the present study, we assessed changes in body-
weight and blood glucose level in patients who were first pre-
scribed with SGLT2i in actual clinical practice. The purpose of
the present study was to determine in advance which patients,
among those prescribed a SGLT2i, would be likely to have
improved or worsened blood glucose levels and gain or loss of
weight through the use of real-world data (RWD)-based pre-
scriptions.

MATERIALS AND METHODS
Study population
The present study included patients who were followed up after
being diagnosed with type 2 diabetes and were visiting Seoul
St. Mary’s Hospital (Seoul, Korea) regularly for 2 years from
December 2014 to December 2016. Among them, data of all
patients who were prescribed dapagliflozin (10 mg), an SGLT2i,
for blood glucose control for the first time were extracted. In
the case of the first prescription of dapagliflozin, it was deter-
mined whether dapagliflozin was added to other OHA pre-
scriptions (or previous lifestyle change management) or
whether other OHA prescriptions were changed to dapagliflo-
zin. This research included only cases in which dapagliflozin
was added to other OHA prescriptions. Cases with changes in
OHA medications other than dapagliflozin or changes from
other OHAs to dapagliflozin were excluded from the study.
Those with dapagliflozin intake or prescription discontinuation
within 3 months of the first prescription of dapagliflozin due to
side-effects or other reasons were also excluded.

Study design
Physical information, such as age, sex, height, weight and blood
pressure, at the time of the first prescription of dapagliflozin
was recorded. The extracted blood tests carried out at the initial
prescription were as follows: glucose, blood urea nitrogen/crea-
tinine, Modification of Diet in Renal Disease (MDRD)-esti-
mated glomerular filtration rate (eGFR), total bilirubin (TB),
aspartate transaminase/alanine transaminase, alkaline phos-
phatase, glutamyl transpeptidase, total cholesterol/triglycerides/
high-density lipoprotein cholesterol/low-density lipoprotein
cholesterol and sodium/potassium tests. After approximately
3 months (2–4 months) since dapagliflozin was first prescribed,
values such as weight and hemoglobin A1c (HbA1c) were mea-
sured during visits. According to the baseline, and changes in
blood glucose and weight after 3 months, cases in which both
HbA1c and weight improved were defined as H(+)W(+), and
cases in which both deteriorated were defined as H(-)W(-).
Cases in which HbA1c improved while weight deteriorated

were defined as H(+)W(-), and cases in which HbA1c deterio-
rated while weight improved were defined as H(-)W(+). Cases
that had no change in HbA1c or weight were included with
the cases in which both were deteriorated.

Protection of privacy
All the extracted data used in this research were anonymous,
and encrypted identification numbers were used. Information
was saved as an encrypted file on the encrypted computer of
the corresponding author. Only the corresponding author was
able to access the data. For data quality management or statistic
processing, any content that helped identify an individual was
deleted. This work proceeded as a retrospective cohort study
using electronic medical record (EMR) data of cases in which
diagnosis and treatment had been completed. Due to the nature
of the present study, and as this study did not influence the
patients’ physical conditions, patient consent was not necessary.
This study was approved by the Institutional Review Board of
the Catholic University of Korea.

Statistical analysis
Descriptive statistics are presented as means and standard devi-
ations, or percentages of participants. All patients who were
prescribed dapagliflozin were grouped by efficacy (four groups)
based on weight and HbA1c change. Continuous variables were
assessed by analysis of variance (ANOVA) with the Bonferroni
correction, and categorical variables were assessed by the v2-
test. To compare the degree of dapagliflozin efficacy and base-
line status, analysis was carried out by univariable and multi-
variable logistic regression. Subgroup analyses between efficacy
of dapagliflozin and baseline conditions were carried out by the
v2-test or independent t-test considering multiple comparisons.
Analyses were carried out with the use of SAS software, version
9.4 (SAS Institute Inc., Cary, NC, USA), and two-sided
P < 0.05 was considered statistically significant.

RESULTS
Among the patients being followed up after being diagnosed
with type 2 diabetes at Seoul St. Mary’s Hospital from Decem-
ber 2014 to December 2016, there were 1,663 (864 men, 799
women) patients who were prescribed dapagliflozin for blood
glucose control for the first time (Figure 1). Among these
patients, 39.1% (651/1,663 patients) had dapagliflozin added to
the existing OHA (or previous lifestyle change management),
and 60.9% (1,012/1,663 patients) had existing OHA changed to
dapagliflozin. A total of 43 patients who stopped taking dapa-
gliflozin due to side-effects or other various reasons within
3 months since dapagliflozin was prescribed were excluded.
Therefore, the research was carried out using a total of 608
patients who were prescribed dapagliflozin for blood glucose
control for the first time.
There were 48.0% men (292/608 patients), and 52.0%

women (316/608 patients) in this study (Table 1). With respect
to the age distribution, 32.7% of patients (199/608 patients)
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were aged in their 50s, 26.0% (158/608 patients) were aged in
their 40s and 20.9% (127/608 patients) were aged in their 60s.
Patients aged in their 70s with a dapagliflozin prescription
comprised 5.9% of the sample (36/608 patients). A baseline
HbA1c level of 7.0–7.9% was the highest and observed in
36.8% of the sample (224/608 patients), whereas the next high-
est level was 8.0–8.9%, observed in 26.3% of the sample (160/
608 patients). A baseline HbA1c of 10.0% was in 8.9% (54/608)
of the dapagliflozin prescribed patients. As for baseline body
mass index (BMI), 51.2% (311/608) of patients had a BMI of
25–30 kg/m2, and 26.5% (161/608) of patients had a BMI of
>30 kg/m2.

Grouping according to changes in weight and HbA1c
Among 608 patients who participated in the research, 73.2% of
patients had improved HbA1c values (445/608 patients), but
26.8% of patients showed deteriorated HbA1c (163/608
patients; Table 2). The H(+)W(+) group, which had both posi-
tive effects of blood glucose improvement and weight loss,
included 53.5% (325/608) of the patients, whereas the H(+)W
(-) group was 19.7% (120/608 patients), H(-)W(+) was 26.8%
(114/608 patients) and H(-)W(-) was 8.1% (49/608 patients;
Figure 2).
Significant intergroup differences were found with regard to

sex, baseline HbA1c, glucose, TB, aspartate transaminase/ala-
nine transaminase, high-density lipoprotein, sodium and potas-
sium. In the case of H(+)W(-), in which weight was
deteriorated compared with H(+)W(+), the baseline BMI was
significantly low (28.0 – 3.7 vs 27.1 – 3.6, P < 0.05), and base-
line HbA1c was significantly high (8.2 – 1.3 vs 8.7 – 1.5,
P < 0.01). The occurrence of H(-)W(+), in which HbA1c was
rather deteriorated compared with H(+)W(+), was more fre-
quent in men (51.0 vs 36.1%, P < 0.05), as well as with lower

1,663  patients

864 male
799 female

Add on dapagliflozin

651 patients
(39.1%)

43 stop dapagliflozin within 3 months

608  patients

Change to dapagliflozin

1,012 patients
(60.9%)

Figure 1 | Trial profile.

Table 1 | Baseline characteristics of patients who were prescribed
dapagliflozin

Sex, n (%)
Male 292 (48.0%)
Female 316 (52.0%)

Age, n (%)
<20 years 3 (0.5%)
20–29 years 25 (4.1%)
30–39 years 60 (9.9%)
40–49 years 158 (26.0%)
50–59 years 199 (32.7%)
60–69 years 127 (20.9%)
≥70 years 36 (5.9%)

HbA1c, n (%)
<7.0% 107 (17.6%)
7.0–7.9% 224 (36.8%)
8.0–8.9% 160 (26.3%)
9.0–9.9% 63 (10.4%)
≥10% 54 (8.9)

BMI, n (%)
<23 kg/m2 51 (8.4%)
23–25 kg/m2 85 (14.0%)
25–30 kg/m2 311 (51.2%)
≥30 kg/m2 161 (26.5%)

Antidiabetic medication before SGLT2i prescription
No medication 42 (6.9%)
Metformin 397 (65.3%)
Sulfonylurea 118 (19.4%)
DPP4i 167 (27.5%)
Thiazolidinedione 10 (1.7%)
Insulin 104 (17.1%)

Total n = 608. BMI, body mass index; DPP4i, dipeptidyl peptidase-4 inhi-
bitor; HbA1c, hemoglobin A1c; SGLT2i, sodium–glucose cotransporter 2
inhibitors.
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Table 2 | Baseline characteristics of patients who were first prescribed dapagliflozin

H(+)W(+) group H(+)W(-) group H(-)W(+) group H(-)W(-) group P-value

325 120 114 49
Age (years) 51 – 12 53 – 14 53 – 11 54 – 11 0.262
Sex (male), n (%) 230 (51.0%) 98 (56.3%) 53 (36.1%)** 24 (38.7%) 0.001
BMI (kg/m2) 28.0 – 3.7 27.1 – 3.6* 28.1 – 3.6 27.8 – 3.9 0.099
SBP (mmHg) 124 – 12 127 – 11 124.58 – 9.10 128 – 12 0.141
DBP (mmHg) 78 – 9 80 – 9 76 – 10 79 – 11 0.086
HbA1c (%) 8.2 – 1.3 8.7 – 1.5** 7.4 – 0.9** 7.3 – 1.0* <0.001
Glucose (mg/dL) 167 – 49 172 – 53 149 – 50** 146 – 35* <0.001
BUN (mg/dL) 15 – 5 15 – 5 15 – 4 16 – 5 0.342
Creatinine (mg/dL) 0.8 – 0.2 0.8 – 0.2 0.8 – 0.2 0.8 – 0.2 0.785
MDRD-eGFR (mL/min/1.73 m2) 88.2 – 17.1 89.2 – 20.3 85.2 – 19.0 84.6 – 18.6 0.205
Total bilirubin (mg/dL) 0.7 – 0.3 0.7 – 0.3 0.6 – 0.2** 0.6 – 0.2 0.003
AST (U/L) 32 – 21 29 – 16* 29 – 17 24 – 11* 0.018
ALT (U/L) 44 – 33 36 – 21 38 – 26 33 – 24** 0.017
ALP (U/L) 59 – 18 64 – 21 59 – 20 61 – 33 0.256
cGTP (U/L) 58 – 44 55 – 52 46 – 30* 46 – 34 0.168
Total cholesterol (mg/dL) 166 – 39 169 – 43 166 – 73 165 – 37 0.941
Triglyceride (mg/dL) 168 – 103 197 – 171 166 – 331 152 – 90 0.372
HDL cholesterol (mg/dL) 44 – 10 43 – 11 47 – 10* 48 – 9** 0.002
LDL cholesterol (mg/dL) 91 – 30 90 – 32 87 – 31 86 – 25 0.508
Sodium (mEq/L) 141 – 2 141 – 3* 141 – 3 141 – 2 0.047
Potassium (mEq/L) 4.4 – 0.3 4.7 – 0.4 4.4 – 0.3 4.5 – 0.3* 0.046
HbA1c change (%) -1.1 – 0.1 -1.3 – 0.1 0.5 – 0.1 0.5 – 0.1
Weight change (kg) -3.2 – 0.1 1.4 – 0.3 - 2.9 – 0.2 1.1 – 0.3

Total n = 608. Compared with H(+)W(+). H(+)W(+), both hemoglobin A1c (HbA1c) and weight improved; H(+)W(-), HbA1c improved while weight
deteriorated; H(-)W(+), HbA1c deteriorated while weight improved; H(-)W(-), both HbA1c and weight deteriorated. *P < 0.05; **P < 0.01. cGTP,
glutamyl transpeptidase; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; BUN, blood urea
nitrogen; DBP, diastolic blood pressure; MDRD-eGFR, Modification of Diet in Renal Disease-estimated glomerular filtration rate; SBP, systolic blood
pressure.
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Figure 2 | Scatter plot showing the relationship between the change of hemoglobin A1c (HbA1c) and weight.

ª 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 12 No. 9 September 2021 1597

O R I G I N A L A R T I C L E

http://wileyonlinelibrary.com/journal/jdi HbA1c and weight after dapagliflozin



HbA1c (8.2 – 1.3 vs 7.4 – 0.9, P < 0.01), glucose (167 – 49 vs
149 – 50, P < 0.01), total bilirubin (0.7 – 0.3 vs 0.6 – 0.2,
P < 0.01), glutamyl transpeptidase (58 – 44 vs 46 – 30,
P < 0.05) values and higher high-density lipoprotein (44 – 10
vs 47 – 10, P < 0.05) values. In comparison with H(+)W(+),
the occurrence of H(-)W(-), in which HbA1c and weight were
both deteriorated, HbA1c (8.2 – 1.3 vs 7.3 – 1.0, P < 0.05),
glucose level (167 – 49 vs 146 – 35, P < 0.01), aspartate
transaminase (32 – 21 vs 24 – 11 P < 0.05) and alanine
transaminase (44 – 33 vs 33 – 24, P < 0.01) levels were low,
and the high-density lipoprotein (44 – 10 vs 48 – 9, P < 0.01)
level was high.
We found that after dapagliflozin prescription, when the

patients were women (odds ratio [OR] 0.45, P = 0.001) and
had a BMI >25 kg/m2 (OR 0.11, P < 0.001) or higher triglyc-
erides level (≥150 mg/dL; OR 0.50, P = 0.006), they were more
likely to proceed to H(-)W(+) rather than H(+)W(+) status. In
other words, sex, BMI and triglycerides level showed an effect
when HbA1c was deteriorated accompanied by weight loss
(Table 3). There were no significant variables for proceeding to
H(+)W(+) and H(+)W(-). In other words, although HbA1c
was improved, there was no difference in the values in terms of
weight gain or loss. When the baseline HbA1c was higher, the
possibility to proceed to H(-)W(-) was approximately 95%
lower than for H(+)W(+).
In the case of H(+)W(+), in which HbA1c and weight were

both improved at the same time, the OR was obtained when
defining the case of HbA1c <7.0% as a reference (Table 4).
The given ORs are for values that were adjusted by sex, age,
BMI, blood pressure and glucose level. Baseline HbA1c was
analyzed with values divided into four groups that consisted of
<7.0, 7.0–8.0, 8.0–9.0 and ≥9.0%. After 3 months since dapagli-
flozin prescription, the odds to proceed to H(+)W(-) with only
HbA1c improvement compared with the reference H(+)W(+)
were 144% in baseline HbA1c 7.0–8.0%, 233% in baseline
HbA1c 8.0–9.0% and 359% in baseline HbA1c ≥ 9.0%; statisti-
cal significance was found for HbA1c ≥9.0% (OR 3.59, 95%
confidence interval 1.39–9.29, P < 0.05). The higher the value
of baseline HbA1c, the higher the OR obtained. After
3 months since dapagliflozin prescription, the odds to proceed
to H(-)W(+) with only improvement in weight compared with
H(+)W(+), which were references, were 29, 13 and 8%, respec-
tively (all P < 0.05), compared with the reference. Furthermore,
after 3 months since dapagliflozin prescription, the odds to
proceed to H(-)W(-), with improvements in neither HbA1c
nor weight compared to H(+)W(+), which were references,
were 17, 15 and 8%, respectively (all P < 0.05), compared with
the reference.

DISCUSSION
The extent of hypoglycemic effect and whether there will be an
increase in weight are two concerns of physicians when pre-
scribing OHAs to diabetes patients. Usually, physicians have
found the answers to the above concerns empirically. Naturally,

the changes in blood glucose level and weight will be largely
influenced by the patient’s living environment outside the hos-
pital, especially with eating or exercising habits. Nevertheless,
customized prescriptions that can roughly estimate the hypo-
glycemic effect and weight changes in patients are now an
important part of treatment.
Many studies are currently under way on customized treat-

ments that produce good glucose-lowering effects and few side-
effects10,11. A significant amount of RWD that has already
accumulated in EMR is advantageous in the implementation of
high-risk group screening for increased blood glucose levels or
increased weight, or their predictive models12.
Of the patients included in the present study, ≥85% were

aged in their 40s and over, and approximately 80% were obese
patients with a BMI of 25 kg/m2 or higher; this is common for
patients in ambulatory care13 (Table 1). Compared with the
most ideal scenario of H(+)W(+) with reduced blood glucose
and weight loss, H(+)W(-) had a relatively low baseline BMI
and high baseline HbA1c. In the H(-)W(+) group where only
blood glucose deteriorated, a relatively high proportion of
patients were women, and had significantly lower baseline fast-
ing blood sugar and HbA1c levels. The least desirable outcome
was H(-)W(-), with blood glucose deterioration and weight
gain, and was also relatively low in terms of baseline fasting
blood sugar and HbA1c. In other words, it was relatively diffi-
cult to obtain a meaningful hypoglycemic effect in the 7.0%
HbA1c range compared with 8.0% HbA1c.
In a study comparing dipeptidyl peptidase-4 inhibitors,

another type of OHA used for treating diabetes, and SGLT2i,
when HbA1c was >8.0%, SGLT2i had a better hypoglycemic
effect than did dipeptidyl peptidase-4 inhibitors, where in
patients with HbA1c <8.0–8.5%, dipeptidyl peptidase-4 inhibi-
tors’ hypoglycemic effect was better14. When prescribing
SGLT2i, physicians have to consider factors, such as baseline
HbA1c, renal function and age. The aforementioned results can
be interpreted as being similar to the results obtained in the
present study, and it can be inferred that baseline HbA1c is
closely related to the expectations of the hypoglycemic effect.
Renal function and age did not differ significantly by group in
this study, and it is assumed that most GFRs were assessed for
patients with relatively superior eGFR values of >60 mL/min/
1.73 m2.
The probability of developing H(-)W(+) and H(-)W(-),

where blood glucose deteriorated after dapagliflozin was pre-
scribed, was statistically significantly lower with all baseline
HbA1c levels than in H(+)W(+) (Table 3), which might be
interpreted as a reasonable result because of dapagliflozin’s glu-
cose-lowering effect. In contrast, the probability of becoming H
(+)W(-) was 1.44-fold higher for baseline HbA1c 7.0–8.0%,
and 2.33-fold higher for baseline HbA1c 8.0–9.0% than for H
(+)W(+), and was statistically significant for baseline HbA1c
values >9.0% (3.59-fold higher). In other words, if the HbA1c
value is >9.0%, blood glucose can be significantly improved,
but the effects of weight loss are not very predictable. The
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higher the baseline HbA1c, the higher the probability of
improving HbA1c; however, the weight might remain
unchanged or increase. In fact, in many other studies, the
higher the blood glucose level, the stronger the hypoglycemic
effect15.
In the present study, when age and sex were adjusted, and

when age, sex, and BMI were both adjusted and analyzed, the
results were almost the same. Physicians can expect to assume
outcomes in the order of H(+)W(-), H(+)W(+) and H(-)W(+)
or H(-)W(-) when prescribing dapagliflozin for patients with a
baseline HbA1c level of 9.0% or higher. In the present study,
when blood glucose improved with the value of HbA1c, the
occurrence of weight change was somewhat predictable. How-
ever, it was difficult to estimate whether there were any signifi-
cant differences in weight changes in the case of deteriorating
blood glucose.
In the analysis of independent risk factors affecting weight

and blood glucose, the risk of developing into H(+)W(-) com-
pared with H(+)W(+) was not statistically significant (Table 4).
In other words, if blood glucose improved, no risk factors
affecting weight gain or loss were identified. In the case of H
(-)W(+), the risk was higher for women with higher BMI.
A study that examined changes in HbA1c after prescribing

dapagliflozin in Korea showed excellent hypoglycemic effects
regardless of the BMI value, although the highest hypoglycemic
effect was for BMI <25 kg/m216. Our study found that obesity
had better effects on weight loss, whereas the effect on blood
glucose was not optimal. Perhaps because our study was a
short-term evaluation for 3 months, it did not include a sec-
ondary effect on blood glucose reduction due to subsequent
weight loss. As the worst result, H(-)W(-) also showed a lower
risk when HbA1c was higher, than for H(+)W(+). In other
words, a higher level of HbA1c can lead to a greater hypo-
glycemic effect. In fact, a typical factor influencing blood glu-
cose values in many existing studies is eGFR17. However, in the
present study, eGFR values did not significantly affect blood

glucose and weight changes. It is already well known that the
higher the eGFR, the better the hypoglycemic effect. Therefore,
the baseline eGFR value is very important in administering
dapagliflozin. In Korea, dapagliflozin is not recommended for
patients with eGFR values <60 mL/min/1.73 m26. The average
eGFR in the present study was approximately 84–89 mL/min/
1.73 m2, and thus, did not seem to have a significant impact
on the results.
It is worth taking into account more seriously that blood glu-

cose increased in approximately 26.8% of patients, and weight
gains occurred in approximately 27.8% of patients, despite the
additional prescription of dapagliflozin (Table 2). In fact, many
other studies have shown that the glucose-lowering effect seen
in real-world evidence (RWE) studies is relatively low com-
pared with conventional randomized controlled trials (RCTs),
even if the same drugs are used18. As this study was an RWE
study, it is expected that the clinical effects observed in this
study might decrease, unlike in a strictly controlled RCT envi-
ronment14,19. Nevertheless, the 26.8% rise in blood glucose was
quite high.
Rather than due to the reduced effectiveness of dapagliflozin,

the drug’s acceptance level and the patients’ dietary/exercise
habits might have had a greater impact on this result. Weight
is also interpreted. As a prescription for SGL2i, the glucose lost
in urine is approximately 90 g per day, equivalent to an average
consumption of 280 kcal per day. Theoretically, patients with
SGLT2i can expect to lose 1 kg in 3 weeks.
A 52-week study carried out with canagliflozin showed an

average weight loss of 4 kg, but increased appetite proportional
to weight loss was also observed20. The intake of additional
calories was stimulated by reduced weight. For this reason, the
theoretical effects of weight loss after the SGLT2i prescription
might not meet expectations. Food consumption would eventu-
ally play an important role, as the caloric intake was estimated
to be approximately 100 kcal a day per 1-kg weight loss. There-
fore, weight loss induced by prescription medication, such as

Table 4 | Odds ratio for changes in weight and blood glucose according to baseline hemoglobin A1c

HbA1c (Reference <7.0%) Reference = H(+)W(+) group

H(+)W(-) group H(-)W(+) group H(-)W(-) group

7.0–8.0% 1.44 (0.55-3.74) NS 0.29 (0.16-0.53) <0.05 0.17 (0.08-0.38) <0.05
8.0–9.0% 2.33 (0.90-6.05) NS 0.13 (0.07-0.28) <0.05 0.15 (0.06-0.37) <0.05
≥9.0% 3.59 (1.39-9.29) <0.05 0.08 (0.03-0.20) <0.05 0.08 (0.02-0.28) <0.05

Adjusted by sex, age, body mass index, blood pressure and glucose level. Odds ratio when defining the case of hemoglobin A1c (HbA1c) <7.0%
as a reference in the case of H(+)W(+) in which HbA1c and weight were both improved at the same time. For example, in the case of patients
whose baseline HbA1c is 9.5%, and only weight is improved after 3 months since taking dapagliflozin, the patients proceeded to H(-)W(+), with
only a possibility of 8% compared with the patients that proceeded to H(+)W(+). The patients that proceeded to H(-)W(-) had only a possibility of
8% compared with the patients that proceeded to H(+)W(+). The patients that proceeded to H(+)W(-) had a 250% higher possibility of occurring
compared with the patients that proceeded to H(+)W(+). HbA1c was analyzed not only as a categorical variable, but also as a continuous variable;
therefore, it was confirmed that there was a trend increase or decrease. H(+)W(+), both HbA1c and weight improved; H(+)W(-), HbA1c improved
while weight deteriorated; H(-)W(+), HbA1c deteriorated while weight improved; H(-)W(-), both HbA1c and weight deteriorated. NS, not
significant.
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with SGLT2i, increases appetite and leads to the possibility of
weight gain21-23. The weight gain will lead to a secondary rise
in blood glucose, which explains the rise in blood glucose level
after dapagliflozin prescription.
The present study was an RWE study using RWD; however,

it had several limitations, because it used a relatively small sam-
ple size for an RWE. First, the probability of an occurrence due
to a low sample size tends to be overly skewed, and requires
validation through further analysis. Second, the lack of informa-
tion contained in the EMR was another limitation. The dura-
tion of diabetes was not properly recorded in the EMR;
therefore, it could not be included in the study. In addition,
there were no data to calculate insulin resistance or insulin sen-
sitivity before and after dapagliflozin administration. Therefore,
various factors affecting blood glucose and weight change due
to dapagliflozin use were not included in the study.
Finally, disruption variables, such as sex, age, BMI and blood

pressure, were adjusted, but the various important disruption
variables for diet (especially appetite) and exercise, which affect
blood glucose and weight, were not adjusted. This is one of the
biggest drawbacks of RWE studies; hence, causality is difficult
to explain24,25. Therefore, we were careful in interpreting the
present findings, and described the minimum conclusions
through discussions of findings made by various clinical
experts. This will need to be confirmed through large-scale
RCT studies in the future. We believe that this study has played
an important role as precedent research before such a large
RCT.
SGLT2i has many additional effects besides producing an

excellent hypoglycemic effect, the most positive effect of which
is weight loss. Ultimately, the question is whether blood glucose
level can be expected to increase or decrease in some patients,
and whether weight gain or loss can be roughly estimated in
others, in advance.
The results of the present study will certainly vary individu-

ally, because changes in blood glucose and bodyweight are
more influenced by diet and exercise than by drugs. However,
by comparing W(+) and W(-) in the H(+) group with the
same improved blood glucose level, it would be helpful in mea-
suring the difference.
RWE studies using RWD are one of the latest trends, espe-

cially targeting personalized medications in the form of clinical
studies that favor high-risk screening and predictive models,
such as with specific diseases and drug side-effects. Such studies
contribute to the evolution of safer and more efficient prescrip-
tions. Although RWE studies, such as the present study, are
not yet reliable enough to replace RCTs, the high-risk screening
or predictive models from RWE studies continue to develop
and accumulate experience.
In this study, when prescribing dapagliflozin in diabetes

patients, high baseline HbA1c might have a drop in blood glu-
cose, but also brings to attention the change in bodyweight.
Therefore, if the physician is able to focus more on weight-re-
lated lifestyle education, such as diet and exercise, when

prescribing dapagliflozin, the hypoglycemic effects due to pre-
scription of dapagliflozin are expected to be maximized. How-
ever, validation with a larger sample size is required, and the
hypoglycemic effect of dapagliflozin also needs to be studied
continuously through RCTs.
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