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ABSTRACT
Introduction Sodium- glucose cotransporter 2 (SGLT2) 
inhibitors are believed to lower glucose levels and inhibit 
cardiovascular events related to type 2 diabetes (T2D). To 
maximize their benefits, the risk of resultant hypoglycemia 
has to be minimized; however, the magnitude of this 
risk remains unclear. Here, we aimed to identify clinical 
factors linked to an increased risk of hypoglycemia among 
Japanese patients with T2D and treated with SGLT2 
inhibitors.
Research design and methods This was a real- world 
retrospective cohort study conducted using the Japanese 
Medical Data Vision database. We identified patients 
with T2D and treated with SGLT2 inhibitors who were 
enrolled in the database from April 2014 to October 2019. 
Cox multivariate regression analyses were performed 
to determine demographical and clinical factors linked 
to SGLT2 inhibitor- associated hypoglycemia- related 
hospitalization.
Results Of 171 622 patients prescribed SGLT2 inhibitors, 
hypoglycemia- related hospitalization occurred in 216 
(0.13%), with 0.60 incidences per 100 person- years. 
The risk of SGLT2 inhibitor- associated hypoglycemia was 
higher with each 10- year increase in age (HR 1.49; 95% 
CI 1.32 to 1.68) and high in patients with body mass index 
<25 kg/m2 (HR 1.98; 95% CI 1.50 to 2.61), insulin use 
(HR 3.26; 95% CI 2.43 to 4.38), and sulfonylurea use (HR 
1.44; 95% CI 1.02 to 2.03). The risk was lower in women 
than in men (HR 0.73; 95% CI 0.54 to 0.98) and low in 
concomitant metformin users (HR 0.52; 95% CI 0.37 to 
0.74).
Conclusions These findings may help minimize the 
risk of hypoglycemia- related hospitalization due to T2D 
treatment with SGLT2 inhibitors. We revealed that the risk 
of hypoglycemia may be higher when combining SGLT2 
inhibitors with sulfonylureas and/or insulin. Furthermore, 
we discovered a high risk of hypoglycemia in older 
and non- obese patients. These findings may assist 
in maximizing the benefits of SGLT2 inhibitors for the 
treatment of T2D.

INTRODUCTION
Type 2 diabetes (T2D) is a group of meta-
bolic diseases characterized by a chronic 

hyperglycemic state due to insufficient 
insulin action. Persistent hyperglycemia 
causes microvascular disorders peculiar to 
diabetes, such as neuropathy, retinopathy, 
and renal disorder, as well as large vascular 
disorders, such as myocardial and cerebral 
infarction. In Japan, the goal when treating 

Significance of this study

What is already known about this subject?
 ► The overall risk of hypoglycemia resulting from 
sodium- glucose cotransporter 2 (SGLT2) inhibitor 
use is low, and several meta- analyses revealed 
that the risk of hypoglycemia due to SGLT2 inhibitor 
monotherapy was similar to that of placebos.

 ► On the other hand, the Japan Diabetes Society 
published a recommendation on the proper use of 
SGLT2 inhibitors, stating that concomitant insulin 
and/or sulfonylurea use increases the risk of severe 
hypoglycemia.

What are the new findings?
 ► In this real- world, retrospective cohort study, we 
were able to clarify the detailed background of 
Japanese patients with type 2 diabetes using SGLT2 
inhibitors at a high risk of hypoglycemia- related 
hospitalization.

 ► In this study, we elucidated the HR of hypoglycemia 
associated with concomitant sulfonylurea and/or in-
sulin use.

 ► We were able to clarify other factors that were asso-
ciated with a higher risk of hypoglycemia, such as a 
body mass index <25 kg/m2 and ageing.

How might these results change the focus of 
research or clinical practice?

 ► By considering the comorbidities of individual pa-
tients and clarifying the risk of hypoglycemia- related 
hospitalization under various conditions, the risk of 
hypoglycemia may be minimized when administer-
ing SGLT2 inhibitors.
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T2D is to achieve good glycemic control; to do this, clini-
cians have two types of injectable hypoglycemic drugs and 
seven types of oral hypoglycemic drugs at their disposal. 
Among the latter are sodium- glucose cotransporter 2 
(SGLT2) inhibitors, which appeared on the market in 
2014. SGLT2 inhibitors have a unique mechanism of 
action among hypoglycemic drugs, lowering the blood 
glucose level by inhibiting SGLT2 in the kidneys, which 
prevents reabsorption of urinary glucose and promotes 
glucose excretion.1 Of further note, in large- scale clinical 
trials it was reported that these drugs also lowered the 
risk of cardiovascular events and/or the related hospital-
ization and mortality rate,2–4 as well as lowering the rate 
of decline in renal function.5–7

Despite these beneficial effects, SGLT2 inhibitors pose 
a risk of hypoglycemia, in those taking certain concomi-
tant medications and in specific patient situations; hypo-
glycemia is a common side effect of hypoglycemic drugs. 
Hypoglycemia has been reported to be associated with 
an increased risk of mortality; therefore, the risk should 
be minimized.8–10 The goal in treating T2D is to achieve 
good glycemic control in the absence of hypoglycemic 
events, and iatrogenic hypoglycemia may necessitate a 
higher glycemic goal than is desirable for patients with 
T2D.11 12 Other notable risks of hypoglycemia include 
a reduced health- related quality of life,13 reduced work 
productivity,14 and an increased risk of hospitalization 
due to falls and car accidents.15 The American Diabetes 
Association and the European Association for the Study 
of Diabetes currently position SGLT2 inhibitors as the 
center of management of patients with T2D, and it is 
particularly recommended as first- line treatment for 
patients with established atherosclerotic cardiovascular 
disease, heart failure, or chronic kidney disease.16 SGLT2 
inhibitors are a relatively new class of drugs and need to 
be further evaluated for their safety and tolerability in 
clinical practice. Since T2D manifests as various patholog-
ical conditions, it is necessary to individualize treatment 
based on the patient’s risk of hypoglycemia. The purpose 
of this study was to identify clinical factors, such as those 
associated with patient backgrounds and concomitant 
medications, linked to a higher risk of hypoglycemia 
among patients with T2D treated with SGLT2 inhibitors.

METHODS
This was a real- world, retrospective cohort study using 
data from the Medical Data Vision (MDV) administrative 
claims database (Medical Data Vision; Tokyo, Japan). It 
is a nationwide hospital- based claims database covering 
almost 31 million cumulative patients since April 2008 
who, as of October 2019, had been treated as inpa-
tients or outpatients at the approximately 360 hospitals 
in Japan (21% of the total number of hospitals) that 
participate in the diagnosis procedure combination 
(DPC)/per diem payment system. Of these patients, 
approximately 3 million (~10%) were diagnosed with 
diabetes mellitus (DM). The MDV database contains 

anonymized information about patient characteristics, 
diagnoses, medical expenses, medical procedures, and 
drug prescriptions. All patient data are encrypted before 
entry into the database. In this study, we extracted data 
of administrative claims made from 1 April 2014 to 31 
October 2019. We censored patients at the time when 
they discontinued SGLT2 inhibitors, developed hypo-
glycemia, lost insurance coverage, or died. For patients 
prescribed SGLT2 inhibitors, the observation start date 
was set as the date of first prescription.

Study population
First, we extracted data of patients diagnosed with DM 
(International Classification of Diseases, 10th Revi-
sion (ICD-10) codes: E10–E14) and registered from 1 
April 2008 to 31 October 2019 in the MDV database. 
We applied the following exclusion criteria to the 
extracted data set: (1) patients diagnosed with type 
1 diabetes (T1D; ICD-10 code: E10); (2) those diag-
nosed with both T1D and T2D; (3) those diagnosed 
with any other DM except for T1D and T2D; (4) those 
aged <18 years; and (5) those not prescribed SGLT2 
inhibitors. Patients were required to be enrolled in 
the MDV database for a continuous period of ≥6 
months before the observation start date.

Identification of hypoglycemia
Hypoglycemic events were identified based on 
previous definitions.17 18 We identified hospitaliza-
tions for hypoglycemia in the MDV database using 
the following ICD-9 codes: 251.0 (hypoglycemic 
coma), 251.1 (other specified hypoglycemia), and 
251.2 (hypoglycemia, unspecified). Additionally, the 
following ICD-10 codes were used: E08.641, E11.641, 
E11.649, E13.64, E13.641, E13.649, E16.0, E16.1, E15, 
and E16.2. We excluded patients who did not receive 
a 50% glucose injection on the day of admission. We 
defined hospitalization due to hypoglycemia that met 
the above conditions as ‘hypoglycemia’.

Patient characteristics
Age, gender, and body mass index (BMI) were 
included as baseline characteristics and identified 
using data provided in the claim record in the same 
month as the observation start date. Obesity was 
defined as having a BMI ≥25 kg/m2.19 Glycohemo-
globin (HbA1c) and estimated glomerular filtration 
rate (eGFR) were used only as supplementary data. 
To evaluate eGFR, the creatine level was used. The 
formula used to calculate eGFR was the following: for 
males, eGFRcreat=194×Cr-1.094×age-0.287, and for 
females, eGFRcreat=194×Cr-1.094×age-0.287×0.739. 
As described in a previous study on polypharmacy,20 
we defined polypharmacy as the use of ≥5 antidiabetic 
medications.

Statistical analysis
Patient data following a normal distribution (age, BMI, 
HbA1c, and eGFR) are expressed as mean±SD values. 
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Continuous variables were analyzed using a one- tailed 
unpaired t- test. Categorical variables were analyzed using 
a χ2 test and were expressed as absolute numbers and/or 
percentages. HRs for the risk of occurrence of hypoglycemia 
were analyzed using a Cox proportional hazards model, 
adjusted for types of SGLT2 inhibitors, the administration 
of antidiabetes drugs other than SGLT2 inhibitors (yes/no), 
sex, age (10- year increase), and BMI (cut- off value: 25 kg/
m2). In the supplemental analysis, the HbA1c (cut- off value: 
7.0%) and eGFR (stratified as <30, 30–59, and ≥60 mL/min) 
values were added. All statistical analyses were performed 
using IBM SPSS Statistics for Windows V.25.0 (IBM).

RESULTS
Clinical characteristics
We identified 171 622 patients with T2D who were treated 
with SGLT2 inhibitors (figure 1) during the study period. 
Table 1 summarizes the clinical characteristics of the study 
according to hypoglycemic state. Hypoglycemia was observed 
in 216 (0.13%) of the patients. Males comprised 70.4% of all 
patients with hypoglycemia, and no difference (p=0.976) was 
observed in the sex ratio between patients with and without 
hypoglycemia. The mean age was 69.8±13.6 years among 
patients with hypoglycemia, which was higher (p=0.003) than 
in those without. The mean BMI was 25.3±4.9 kg/m2 among 
patients with hypoglycemia, which did not differ (p=0.211) 
from that of patients without. The mean number of antidi-
abetic medications was 3.6±1.2 among patients with hypo-
glycemia, which was higher (p=0.027) than that observed 
among those without hypoglycemia. The frequency of use 
of alpha- glucosidase inhibitor, insulin, and sulfonylurea (SU) 
drugs in patients with hypoglycemia was significantly higher 
than that observed for patients without hypoglycemia. Glime-
piride accounted for the majority of the SU drugs by compo-
nent (glimepiride: 86.0%, gliclazide: 9.8%, glyburide: 4.2%).

Hypoglycemia risk
The overall incidence of hypoglycemia among patients with 
T2D receiving SGLT2 inhibitors was 0.60 (95% CI 0.45 to 
0.81) per 100 person- years (table 2). Meanwhile, the age 
group with the highest incidence rate of hypoglycemia was 
the ≥65 years group (0.85 per 100 person- years; 95% CI 0.60 
to 1.21), and the incidence rate of hypoglycemia was highest 
among those with a BMI <25 (1.04 per 100 person- years; 95% 
CI 0.72 to 1.51). As expected, the incidence of hypoglycemia 
was high in patients receiving SGLT2 inhibitors+insulin 
(1.20; 95% CI 0.80 to 1.88) and in those receiving SGLT2 
inhibitors+SUs (0.73; 95% CI 0.39 to 1.40).

Next, we investigated the HR of hypoglycemia 
among the study sample. As depicted in figure 2, 
female patients had a low risk of hypoglycemia 
compared with male patients (HR 0.73; 95% CI 0.54 
to 0.98). The HR was higher in older patients (1.49 
per 10 years; 95% CI 1.32 to 1.68), and was 1.98- fold 
higher in patients with a BMI <25 kg/m2 than in those 
with a BMI ≥25 kg/m2. When looking at concomitant 
medications, it is noteworthy that insulin users had 
a very high risk of hypoglycemia (HR 3.26; 95% CI 
2.43 to 4.38). Furthermore, SU users had a high risk 
(HR 1.44; 95% CI 1.02 to 2.03) and metformin users 
had a low risk (HR 0.52; 95% CI 0.37 to 0.74). As 
shown in online supplemental figure 1, the HR ratio 
was calculated by classifying the SGLT2 inhibitors 
into types; none of the drugs were associated with a 
significant difference. In addition, we examined the 
risk of hypoglycemia in patients for whom HbA1c and 
eGFR test results were available (n=16 754) (online 
supplemental table 1). As illustrated in online supple-
mental figure 2, the HR was higher in older patients 
(1.47 per 10 years; 95% CI 1.03 to 2.10), and was 2.42- 
fold higher in patients with a BMI <25 kg/m2 than in 
those with a BMI ≥25 kg/m2. The HR was 4.78- fold 

Patients diagnosed with diabetes mellitus
(n= 3,129,105)

Patients diagnosed with T2D
(n=2,022,771)

T2D patients
with hypoglycemia

(n=216)

T2D patients
without hypoglycemia

(n= 171,406)

・Patients diagnosed with T1D( n=66,760)
・Patients diagnosed with T1D and T2D (n=179,550)
・Patients diagnosed with other than

T1D and T2D(n=860,024)

・Patients ≤18years and/or patients who are not 
prescribed SGLT2I (n=1,851,149)

Overall study cohort
Eligible T2D patients aged ≥ 18 years 

prescribed SGLT2I
(n=171,622)

Figure 1 Flow chart of patient inclusion and exclusion. SGLT2I, sodium- glucose cotransporter 2 inhibitor; T1D, type 1 
diabetes; T2D, type 2 diabetes.
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(95% CI 1.73 to 13.2) higher in patients with an eGFR 
<30 mL/min than in those with an eGFR ≥60 mL/
min. Looking at concomitant drugs, both insulin and 
SU drugs were still associated with a higher HR in 
this subset of patients (4.87 and 2.18, respectively); 
however, the HR when using metformin was not statis-
tically significant in this subset.

Duration from initiation of treatment to onset of hypoglycemia
Finally, we investigated the duration from initiation 
of treatment with SGLT2 inhibitors until the onset of 
hypoglycemia in the subset of patients with hypogly-
cemia; the mean duration was 176.2±101.0 days. When 
dividing hypoglycemia onset into 30- day blocks from 
initiation of SGLT2 inhibitor treatment, the highest 
incidence occurred in the first 30 days, with a general 
downward trend with the passage of time (figure 3).

DISCUSSION
This study revealed a detailed background of Japa-
nese patients with T2D using SGLT2 inhibitors at a 
high risk of developing hypoglycemia.

SGLT2 inhibitors reduce hyperglycemia by inhib-
iting proximal tubular reabsorption of glucose in the 
kidney; thus, the glucose- lowering effect is indepen-
dent of insulin secretion.1 However, SGLT2 inhibitors 
are unlikely to cause hypoglycemia alone, as indicated 
previously. (1) Since the glucosuric effect of SGLT2 
inhibitors is tied to the filtered load of glucose, they 
become ineffective once the filtered load reaches 
≤80 g/day.21–23 (2) SGLT2 inhibitors increase plasma 
glucagon concentrations and gluconeogenesis in 
patients with T2D.24 25 Thus, the risk of hypoglycemia 
from SGLT2 inhibitors is low; in several meta- analyses 
of randomized controlled trials (RCTs), the authors 
reported that the risk of hypoglycemia when SGLT2 

Table 1 Baseline characteristics of patients with T2D using SGLT2 inhibitors

Overall (n=171 622) Hypoglycemia (+) (n=216) Hypoglycemia (−) (n=171 406)

P valueMean±SD n (%) Mean±SD n (%) Mean±SD n (%)

Sex

  Male 112 521 (65.6) 152 (70.4) 112 369 (65.6) 0.976

  Female 59 101 (34.4) 64 (29.6) 59 037 (34.4)

Age (years) 62.4±13.5 69.8±13.6 62.4±13.5 0.003

  Distribution

   <25 884 (0.5) 1 (0.5) 883 (0.5) <0.001

   25–44 17 136 (10.0) 10 (4.6) 17 126 (10.0)

   45–64 69 543 (40.5) 53 (24.5) 69 490 (40.5)

   ≥65 84 059 (49.0) 152 (70.4) 83 907 (49.0)

BMI (kg/m2) 27.1±5.9 25.3±4.9 27.1±5.9 0.211

  Distribution

   <25 65 255 (38.0) 114 (52.4) 65 141 (38.0) <0.001

   ≥25 106 367 (62.0) 102 (47.6) 106 265 (62.0)

Antidiabetic medications 
(n)

2.8±1.3 3.6±1.2 2.8±1.3

  Distribution

   <5 155 338 (90.5) 186 (86.1) 155 152 (90.5) 0.027

   ≥5 16 284 (9.5) 30 (13.9) 16 254 (9.5)

Use of other antidiabetic medications

  α-GI 20 283 (11.8) 35 (16.2) 20 248 (11.8) 0.046

  DPP-4 inhibitors 97 717 (56.9) 119 (55.1) 97 598 (56.9) 0.548

  Glinides 10 290 (6.0) 14 (6.5) 10 276 (6.0) 0.763

  GLP-1 receptor agonists 7901 (4.6) 8 (3.7) 7893 (4.6) 0.528

  Insulin 34 915 (20.3) 97 (44.9) 34 818 (20.3) <0.001

  Metformin 73 083 (42.6) 52 (24.1) 73 031 (42.6) <0.001

  Sulfonylureas 34 903 (20.3) 50 (23.1) 34 853 (20.3) 0.304

  Thiazolidinediones 12 996 (7.6) 15 (6.9) 12 981 (7.6) 0.727

P values were calculated for differences between patients with and without hypoglycemic events.
Hypoglycemia (+) denotes patients with hypoglycemic events. Hypoglycemia (−) denotes patients without hypoglycemic events.
BMI, body mass index; DPP-4, dipeptidyl peptidase-4; α-GI, alpha- glucosidase inhibitor; GLP-1, glucagon- like peptide-1; SGLT2, sodium- glucose 
cotransporter 2; T2D, type 2 diabetes;.
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Table 2 Risk of hypoglycemia following initiation of SGLT2 inhibitors

n Events
Events per 100 person- years 
(95% CI)

All patients 171 622 216 0.60 (0.45 to 0.81)

Sex

  Male 112 521 152 0.66 (0.47 to 0.94)

  Female 59 101 64 0.47 (0.28 to 0.84)

Age (years)

  <25 884 1 0.42 (0.06 to 2.96)

  25–44 17 136 10 0.35 (0.10 to 1.29)

  45–64 69 543 53 0.38 (0.21 to 0.69)

  ≥65 84 059 152 0.85 (0.60 to 1.21)

BMI (kg/m2)

  <25 65 255 114 1.04 (0.72 to 1.51)

  ≥25 106 365 102 0.51 (0.32 to 0.82)

Antidiabetic medications (n)

  <5 155 152 186 0.61 (0.45 to 0.82)

  ≥5 16 254 30 0.21 (0.15 to 0.30)

Baseline use of antidiabetic medications

  α-GI 20 283 35 0.69 (0.35 to 1.67)

  DPP-4 inhibitors 97 717 119 0.61 (0.41 to 0.91)

  Glinides 10 290 14 0.18 (0.15 to 0.23)

  GLP-1 receptor agonists 7901 8 0.19 (0.07 to 0.51)

  Insulin 34 915 97 1.20 (0.80 to 1.88)

  Metformin 73 083 52 0.31 (0.18 to 0.59)

  Sulfonylureas 34 903 50 0.73 (0.39 to 1.40)

  Thiazolidinediones 12 996 15 0.18 (0.15 to 0.23)

BMI, body mass index; DPP-4, dipeptidyl peptidase-4; α-GI, alpha- glucosidase inhibitor; GLP-1, glucagon- like peptide-1; SGLT2, 
sodium- glucose cotransporter 2.

Figure 2 Factors linked to the risk of hypoglycemia in the study sample. The forest plot indicates the HRs (diamonds) and 
95% CIs (horizontal bars) for hypoglycemia among patients with type 2 diabetes using sodium- glucose cotransporter 2 
inhibitors, according to baseline characteristics. DPP-4, dipeptidyl peptidase-4; α-GI, alpha- glucosidase inhibitor; GLP-1, 
glucagon- like peptide-1.
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inhibitors were used alone was similar or lower to that 
when placebos were administered.26–28 In different 
RCTs,29–34 the incidence rate of hypoglycemia due to 
SGLT2 inhibitors alone was reported to be 0%–36%; 
in this study, it was at the lower end of that range, at 
0.13%. The reason for this may be because of our defi-
nition of hypoglycemia as that requiring hospitaliza-
tion, therefore excluding slight hypoglycemia. On the 
other hand, the Japan Diabetes Society published a 
recommendation35 on the proper use of SGLT2 inhib-
itors, stating that its combination with insulin or SUs 
increases the risk of severe hypoglycemia. One mech-
anism of action of SGLT2 inhibitors is the loss of body 
weight,26 which, in turn, reduces insulin resistance 
and enhances the effects of drugs that directly lower 
blood glucose, such as insulin and SUs. According to 
a review of safety data by McGill and Subramanian,36 
when SGLT2 inhibitors were combined with insulin 
or insulin secretagogues, hypoglycemia was observed 
in approximately 40% of patients, similar to what was 
observed in placebos. Furthermore, Cai et al37 in their 
meta- analysis, discovered a similar increase in hypo-
glycemia risk after treatment with SGLT2 inhibitors 
when used in combination with insulin or SUs, both 
in Asian and non‐Asian patients. In the present study, 
the incidence of hypoglycemia on SGLT2 inhibitor 
treatment in combination with SU and insulin treat-
ment was 0.73 and 1.20 per 100 patient- years, respec-
tively. In addition, the risk of hypoglycemia on SGLT2 
inhibitor treatment was 1.46 and 3.40 times higher 
in combination with SU and insulin use, respectively. 
Therefore, special attention should be paid to the 
risk of hypoglycemia when patients use these drugs 
in combination with SGLT2 inhibitors, as recom-
mended by the Japan Diabetes Society.38 Therefore, 
when prescribing SGLT2 inhibitors, it may be neces-
sary to reduce the prescribed dose of insulin and/or 
insulin secretagogues. Glimepiride accounted for the 
majority of the SU drugs targeted in this study. There-
fore, we believe that the results of this SU drug mainly 
reflect the effects of glimepiride.

In our study, a large fraction (30/216, 13.9%) of 
patients who experienced a hypoglycemic event after 
initiating SGLT2 inhibitors did so within 30 days. 
Since the risk seems to decrease over time, the need 
for carefully managing the risk of hypoglycemia is 
especially high in the first number of months after 
initiating SGLT2 inhibitor treatment.

In our study, we discovered that combining 
metformin treatment with SGLT2 inhibitor treatment 
resulted in a lower risk of hypoglycemia compared 
with that observed in patients who are not given 
metformin therapy. Previous studies39–41 reported 
that such a combination does not carry a high risk for 
hypoglycemia; however, we are not aware of reports 
of a lower risk. SGLT2 inhibitors may be a suitable 
option for obese patients, as metformin alone cannot 
adequately improve their insulin resistance. As we 
observed that obese patients were at a lower risk of 
hypoglycemia on SGLT2 inhibitor usage, its concom-
itant use with metformin may be a safe option to 
treat T2D in such patients. The supplementary data 
provided, which were analyzed by adding HbA1c and 
eGFR, showed an increase in the HR ratio of hypo-
glycemia in patients with impaired renal function. 
Metformin is recommended to be withheld in patients 
with impaired renal function to avoid adverse events. 
Therefore, the active administration of metformin 
to patients who do not have a risk of hypoglycemia 
due to decreased renal function can be considered 
as the reason for reducing the risk of hypoglycemia. 
There are many possible reasons for the lowered risk 
when SGLT2 inhibitors are combined with metformin 
therapy; however, these need to be clarified in future 
studies.

In our study, non- obese patients and those ≥65 years 
old were discovered to be at greater risk of hypogly-
cemia than obese and younger patients were. Previous 
studies have revealed a similar association with BMI and 
age. Post hoc epidemiological analysis of The Action 
to Control Cardiovascular Risk in Diabetes (ACCORD) 
study revealed that a higher BMI was associated with a 
lower risk of severe hypoglycemia (HR of patients with 
BMI ≥30 kg/m2: 0.65),42 and the Action in Diabetes 
and Vascular Disease : Preterax and Diamicron Modi-
fied Release Controlled Evaluation (ADVANCE) study11 
revealed a 5% reduction in the risk of hypoglycemia with 
each additional 1.0 kg/m2. A study of Korean patients by 
Yun et al43 was also supportive of the above findings.44 45 
In patients with a low BMI, insulin secretory capacity may 
be reduced, and insulin and SU drugs may be actively 
administered; this may be one of the reasons for the 
increased risk of hypoglycemia. In terms of age, older 
patients with T2D are more likely to be at risk for severe 
hypoglycemia- related effects, such as cognitive, renal 
impairment, and/or polypharmacy.46–48

In our study, women had a lower risk of hypogly-
cemia than men had (HR 0.72; 95% CI 0.54 to 0.97). 
We are not aware of reports outlining the difference 

60 120 180 240 300

Figure 3 Duration from initiation of treatment with sodium- 
glucose cotransporter 2 (SGLT2) inhibitor to the onset of 
hypoglycemia.
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in risk of hypoglycemia between men and women. 
Fluctuations in blood glucose levels depend on a 
variety of factors, including insulin resistance, insulin 
secretory capacity, and hepatic glucose control. We 
speculate that some of these may differ between men 
and women. In addition, SGLT2 inhibitors have been 
demonstrated to be involved in improving insulin 
sensitivity and regulating glucose in the liver.24 Since 
the current study design did not allow us to measure 
changes in these variables, it was not possible to eluci-
date the mechanism of the sex differences in hypo-
glycemia risk. No significant difference was found in 
the supplemental analysis that corrected for HbA1c 
or eGFR. The reason may be that the group with 
decreased eGFR clearly had an increased risk of hypo-
glycemia, and the gender difference disappeared. In 
any case, we believe that more patients with HbA1c and 
eGFR test values need to be collected and analyzed. 
On analysis of a subset of our study sample, patients 
with an eGFR <30 mL/min were observed to have a 
high risk of hypoglycemia (HR 4.78; 95% CI 1.73 to 
13.2). On the other hand, in patients with advanced 
renal dysfunction, hypoglycemia is likely to occur 
due to decreased gluconeogenesis in the kidneys and 
decreased insulin clearance. Ito et al49 reported that 
the admission rate due to hypoglycemia increased 
with the progression of renal dysfunction. Therefore, 
attention should be paid to the development of hypo-
glycemia in patients with renal impairment.

Limitations
There were several limitations to our study. It is 
important to recognize that the MDV database does 
not represent all patients with diabetes in Japan, as 
it consists only of patients treated in Japanese emer-
gency hospitals that use the DPC system. However, the 
proportion of patients with T2D in the MDV database 
(11%) is similar to that used in the 2017 Japanese 
Health and Nutrition Survey (14%).50 This suggests 
that the MDV data set may be a fair representation 
of Japanese patients with T2D. As we used the MDV 
database, it was not possible to track patients, without 
interruption or gaps, who transferred between hospi-
tals and/or clinics, which may have resulted in the 
extraction of inaccurate outcomes, such as the inability 
to identify hypoglycemia. In addition, information 
on certain confounding factors of hypoglycemia (eg, 
HbA1c and eGFR) was available in the MDV database 
only for a limited number of patients. Therefore, 
future research is needed on large data sets, imple-
menting multivariate hazard models that simultane-
ously control for multiple potential confounders. Due 
to the nature of the receipt database, the number of 
insulin doses could not be investigated; therefore, a 
detailed study of the insulin regimen was not possible. 
We believe that assessing the difference in hypogly-
cemic risk depending on the insulin regimen is neces-
sary for further study.

CONCLUSION
In conclusion, the present real- world study revealed 
that patients with T2D and treated with SGLT2 inhib-
itors have an increased risk of developing hypo-
glycemia that requires hospitalization when it is 
combined with insulin or SUs in clinical practice. 
Furthermore, the risk of hypoglycemia associated 
with SGLT2 inhibitors was observed to be higher in 
older and non- obese patients than in those who were 
younger or obese, respectively. In addition, the risk 
was lower in female than in male patients, and in 
those using concomitant metformin. Moreover, our 
results suggest that a decline in renal function may 
be involved in the development of hypoglycemia, 
although it was based on a smaller data set than the 
other results were. Leveraging these findings may 
help minimize the risk of severe hypoglycemia due 
to treatment with SGLT2 inhibitors and may assist in 
maximizing the benefits of SGLT2 inhibitors for the 
treatment of T2D.
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