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Abstract

Background: Sodium-glucose cotransporter-2 (SGLT2) inhibitors are a novel class of
anti-hyperglycaemic agents.

Obijective: This study aimed to evaluate the safety and the adjuvant glycaemic control
effect of an SGLT2 inhibitor, DWP16001, in diabetic dogs receiving insulin treatment.
Methods: Nineteen diabetic dogs receiving insulin treatment (NPH, porcine lente and
glargine insulin) were divided into two groups according to dosing frequency: DWP
TOD group (n = 10) and DWP SID group (n = 9). In the DWP TOD group, 0.025 mg/kg
of DWP16001 was administered once every 3 days, whereas, in the DWP SID group,
0.025 mg/kg of DWP16001 was administered once a day. Food intake was maintained
during the trial period. Hypoglycaemia, ketoacidosis or unexpected life-threatening
reactions were assessed as adverse effects before and after DWP16001 adminis-
tration. We compared insulin requirement reduction and blood glucose level control
between two groups.

Results: No specific adverse effects were observed during the clinical trial, and haema-
tological parameter remained unchanged. Moreover, the fasting glucose levels and
daily insulin dose in the DWP TOD group were lower than the pre-administration val-
ues, but not significantly different for 8 weeks. Systolic blood pressure, fructosamine
and insulin dose decreased significantly in the DWP SID group compared to the DWP
TOD group at 8 weeks (p < 0.05) without affecting food consumption. Among these
patients, 10 patients were monitored while receiving DWP16001 for 12 months (DWP
TOD group n =5, DWP SID group n = 5). The fasting glucose and fructosamine levels
and daily insulin dose were reduced in both groups at 12 months compared with those
before receiving DWP16001.
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1 | INTRODUCTION

Diabetes mellitus (DM) is a heterogeneous group of diseases with mul-
tiple aetiologies characterized by hyperglycaemia resulting from inad-
equate insulin secretion, inadequate insulin action or both (Niessen
et al.,, 2022). Insulin therapy remains the treatment of choice for dia-
betic dogs; however, achieving good glycaemic control is often difficult
as multiple insulin injections are required daily and the dosage is lim-
ited due to the possibility of hypoglycaemia (Davison et al., 2005;
Hardin et al., 2015). In humans, research is actively underway to evalu-
ate the safety and efficacy of adjuvant treatments to non-insulin drugs,
such as sodium-glucose cotransporter-2 (SGLT2) inhibitors and GLP-1
receptor agonists, in diabetic patients with inadequate glycaemic con-
trol (Castellana et al., 2019). However, there is still an unmet need for
adjunctive treatments other than insulin therapy to address the twin
challenges of managing hyperglycaemia and hypoglycaemia in diabetic
dogs. It should be noted that as the addition of non-insulin drugs in type
1 diabetes in humans is a promising strategy for improving glycaemic
controlin patients with diabetes (Bastan &Borki, 2010; Frandsenet al.,
2016; Wright & Hirsch, 2019), it may also be a possibility in dogs.

SGLT2 inhibitors are a novel class of anti-hyperglycaemic agents.
SGLT2 inhibitors reduce glucose reabsorption at the proximal nephron,
leading to increased glucose excretion through a mechanism that is
independent of insulin (Evans et al., 2020). The safety and efficacy of
SGLT2 inhibitors in the treatment of type 2 DM (T2DM) have been
established in previous human studies (Hanedaet al., 2016), and human
studies are currently being conducted to explore their potential appli-
cation in the treatment of type 1 DM (T1DM) (El Masri et al., 2018;
Yamada et al., 2018). Recent human studies on the treatment of TIDM
with a combination of an SGLT2 inhibitor and insulin have shown that
SGLT2 inhibitors assist in controlling the glycaemic levels and reduce
the insulin requirements (Evans et al., 2020). The adverse effects of
SGLT2 inhibitors in humans are usually mild and related to glucosuria
and osmotic diuresis. The incidence of serious adverse effects, such as
ketoacidosis and severe genitourinary infections, is rare (Chesterman
& Thynne, 2020). However, in veterinary medicine, no studies have con-
firmed the safety and efficacy of the combination of an SGLT2 inhibitor
and insulin in the treatment of diabetic dogs.

Therefore, in this study, we aimed to evaluate the safety and efficacy
of DWP16001 (Enavogliflozin, Daewoong Pharmaceutical Co. Ltd.), an
SGLT2 inhibitor, by evaluating clinical symptoms, glycaemic control and
reduction of insulin requirements in insulin-dependent diabetic dogs

receiving insulin treatment.

Conclusion: When DWP16001, an SGLT2 inhibitor, was supplied to dogs with type 1
diabetes, no adverse effects were observed, and it was confirmed that the adminis-

tered insulin dose can be reduced in controlling blood glucose.

dogs, DWP16001, diabetes mellitus, sodium-glucose cotransporter-2 inhibitor

2 | MATERIALS AND METHODS

2.1 | Study design

This study was conducted under the hypothesis that the combined
administration of insulin therapy and DWP16001, one of the SGLT2
inhibitors, to dogs with naturally occurring insulin-dependent diabetes
could help control blood glucose, without life-threatening adverse
effects.

We determined the number of samples per each group to investi-
gate our major hypothesis, the fructosamine in the dog with insulin
treatment might be higher than that of the dog with insulin and SLGT-2
inhibitors treatment or not. Our study estimated the minimum num-
ber of samples in each group considering our statistical approach, the
student t test. The significant level and statistical power of the statis-
tical test were 0.05 (alpha) and 0.8 (beta), respectively. We expected
the mean of the fructosamine in the dog with insulin treatment might
be around the reference value of the fructosamine under ‘Fair con-
trol’ (450-500 pmol/L) and the fructosamine in the dog with insulin
and SLGT-2 inhibitors treatment would be under ‘Excellent control’
(350-400 pmol/L). Under the expected standard deviation of the fruc-
tosamine value as 80 pmol/L, the effective size (d) of this hypothesis
was determined to 1.25. With those values, the minimum number of
samples was determined 9 (n = 8.678197) in each group using the ‘prw’
package on R (Version 4.3.1). Based on this, the study was designed to
have at least nine animals in each of the two groups.

The procedures performed in this study were approved by the Insti-
tutional Animal Care and Use Committee of Seoul National University
(SNU) (SNU; protocol no. SNU-200921-5). As client-owned animals
were included in this study, all procedures were conducted over a
period of 1 year after receiving consent from the owner.

This study was conducted as a prospective proof-of-concept
open-label test. To exclude variables that could affect the clinical
trial, dogs receiving concomitant medications that could affect the
blood pressure, renal function and glycaemic levels were excluded.
Therefore, patients who had received diuretics within 14 days before
the administration of DWP16001 were excluded from the study.
Only patients who had maintained a stable insulin dose for 1 month,
had blood ketones in the normal range as measured by a ketone
meter, which measures blood beta-hydroxybutyrate levels, and had
no confirmed urine ketones as measured by a dipstick were included
in this test. DWP16001 was administered along with breakfast and

the patient had access to water at all times during the testing period.
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The occurrence of adverse effects, including appetite, vitality, stool,
vomiting, water intake and urine excretion, was assessed by phone 1
week after initiating drug administration. The patients visited the vet-
erinary hospital on day 1, day 14, day 28, day 56, 3 months, 6 months, 9
months and 12 months according to the date of receiving DWP16001.
In addition to a general physical examination, including the assessment
of weight and blood pressure, other tests to evaluate the complete
blood count, serum chemistry, urinalysis, fasting blood glucose, blood
fructosamine, ketones, LDH levels and insulin requirements were also
performed.

In the case of severe abnormalities, such as hypoglycaemia and
ketoacidosis or unexpected life-threatening reactions (adverse reac-
tion/adverse drug reaction), the owners were instructed to contact the
clinical investigator and visit the veterinary hospital for appropriate
treatment. If the clinical investigator determined that the treatment
cannot be continued during the visit, the treatment was discontinued,
and the dog was excluded from the clinical trial after consultation with

the owner.

2.2 | Drug information
DWP16001[(2S,3R,4R,55,6R)-2-(7-chloro-6-(4-cyclopropylbenzyl)-
2,3-dihydrobenzofuran-4-yl)-6-(hydroxymethyl)tetrahydro-2H-
pyran-3,4,5-triol] (Kim et al., 2020), an SGLT2 inhibitor developed
by Daewoong Pharmaceutical, has shown promising results in phase
2 clinical trials on humans (registration number NCT04014023).
Similar results were observed in a recently completed phase 3
clinical trials on humans. Based on these results, DWP16001
has received final approval from the Ministry of Food and Drug
Safety (KFDA) (registration number NCT04632862) (Han et al,
2023).

2.3 | Canine patients

Diabetic dogs unable to achieve glycaemic control with insulin alone
can be included in the study if they meet the following criteria: small
dogs (<10 kg) under 16 years of age, medium dogs (11-22 kg) under
13 years of age, nadir blood glucose level of at least 200 mg/dL
and blood ketone levels of <0.6 mmol/L. In addition, before taking
DWP16001, the prescribed insulin dose must not have changed for
at least 1 month. The principal exclusion criteria were as follows:
dogs with chronic kidney disease (IRIS stage >2), dogs evaluated
for hypotension, dogs receiving diuretics, dogs with proven preg-
nancy and dogs that had taken prescription drugs or over-the-counter
drugs within 14 days before the start of the test (administration of
the test product) and whose drugs were judged by the investigator
to affect the test or affect safety were excluded. By applying the
above criteria, the study was ultimately conducted on 19 dogs out
of 38 dogs who wished to participate in the study (Shiel & Mooney,
2022).

24 | Procedures

Participants were randomly divided into two groups and took the drug
at different frequencies, and both groups received the drug contin-
uously throughout the study period. The DWP TOD group received
0.025 mg/kg of DWP16001 once every 3 days, whereas the DWP SID
group received 0.025 mg/kg of DWP16001 once a day (Choi et al.,
2020; Lee et al., 2023).

The selected participating dogs were observed for changes in fast-
ing glucose levels, fructosamine, body weight, mean daily bolus dose
of insulin from the baseline to week 8. Additionally, the glycaemic lev-
els were monitored for 1 year in dogs whose owners consented to the
long-term administration of the drug.

The owners of participating dogs received information about
adverse events related to the use of antihyperglycaemic agents, such
as severe hypoglycaemia, ketoacidosis, bacterial cystitis and dehydra-
tion, focusing on the adverse effects identified when SGLT-2 inhibitors
were administered to humans in previous studies (Garofalo et al., 2019;
Halimi & Verges, 2014). Hypoglycaemia is generally defined as low
blood glucose levels in dogs, where the blood glucose level is less
than 3.3 mmol/L (60 mg/dL). In this study, considering in-home mon-
itoring for 1-year, severe hypoglycaemia was defined based on the
following clinical signs. Clinical signs included changes in mental status
and behaviour, seizures, syncope, muscle spasms/contractions, somno-
lence, exercise intolerance, muscle tremors, collapse, ataxia, weakness
and visual disturbances (Idowu & Heading, 2018). Diabetic ketoacido-
sis (DKA) was diagnosed based on anion gap metabolic acidosis due to
excessive ketone production without an alternative cause. If it became
impossible for the dogs to continue this clinical trial, the treatment was
terminated after consulting with the investigator. Safety information,
including clinical, laboratory and adverse events data, was collected at
each visit. In addition, the owner and veterinarian completed question-
naires regarding the appetite, stool, active vomiting, water intake and
urine excretion at the time of examination and evaluated the abnormal
condition after receiving DWP16001. To summarize briefly, it is as fol-
lows: appetite (0. same, 1. increased, 2. decreased, 3. none); vitality (0.
same, 1. increase, 2. decrease, 3. none); faeces (0. hard, 1. normal stool,
2. soft stool, 3. diarrhoea); vomiting (0. normal, 1. once a week, 2. 2-3
times a week, 3. more than 3 times a week); water intake (0. same, 1.

increase, 2. decrease); urination (0. same, 1. increased, 2. decreased).

2.5 | Statistical analyses

Among patients with diabetes who received DWP16001 for 8 weeks,
only dogs who agreed to long-term use of DWP16001 were monitored
for 1 year after receiving DWP16001. Differences between the two
groups before the administration of DWP16001 and at the time of
examination were compared within group. Differences between the
two groups at the time of the survey were also compared. Normality
was assessed using the Shapiro-Wilk test. Homogeneity of variance

was assessed using Levene’s test. Differences within the groups were
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TABLE 1 Population characteristics of the diabetic dogs enrolled in the clinical trial using DWP16001.
Group

Variables Reference ranges DWP TOD (n = 10) DWPSID (n=9)

Breed NA Golden retriever (1), Maltese (1), Maltese (5), Poodles (1), Yorkshire
Schnauzer (2), Spitz (1), Poodle (4), terrier (1), Mongrel (1), Samoyed (1)
Mongrel (1)

Sex NA CM (6),SF (3), F (1) CM (6),SF (2),F (1)

Age, years NA 12 (5-16) 10.5(8-15)

BCS NA 4(4-6) 5(3-7)

Systolic blood pressure (mmHg) <140 141.8 +20.5 157.3+24.9

Insulin dose (IU/kg/day) NA 1.6+04 20+0.8

Note: Breed, sex, age, BCS, systolic blood pressure and insulin dose of diabetic dogs participating in this study. The data are expressed as median (range) for
age and BCS, and as mean + standard deviation for systolic blood pressure and insulin dose.

Abbreviations: BCS, body condition score; CM, castrated male; DWP SID, group that received 0.025 mg/kg of DWP 16001 once a day; DWP TOD, group that
received 0.025 mg/kg of DWP16001 once every 3 days; F, female; M, male; SF, spayed female.

compared using the student’s paired t test or Wilcoxon rank test. Addi-
tionally, the difference between the groups after drug administration
was assessed using a mixed analysis of variance test. Statistical analy-
ses were performed using the R programming language (https://cran.r-
project.org/) and GraphPad Prism version 7 (GraphPad Software, Inc.).
A p-value of <0.05 was considered statistically significant.

3 | RESULTS

3.1 | Patient characteristics

Nineteen diabetic dogs receiving insulin (NPH, glargine or porcine
lente insulin) once or twice daily who met the inclusion criteria were
divided into two groups (DWP TOD and DWP SID groups). The breed,
sex, age and body condition score (BCS) of the participating dogs were
taken into consideration when allocating the dogs to groups and were
allocated as evenly as possible. The DWP TOD group included four
Poodles, two Schnauzers, one Golden retriever, one Maltese, one Spitz
and one Mongrel. Among them, six were castrated males, three were
spayed females, and one was an intact female. Their ages ranged from
5 to 16 years old, with a mean age of 12 years. The BCS ranged from 4
to 6, with a mean score of 4. The mean systolic blood pressure (mmHg)
was 141.8 + 20.5, and the mean insulin dose was 1.6 + 0.4 (IU/kg/day).

The DWP SID group included five Maltese dogs, one Poodle, one
Yorkshire Terrier, one Mongrel and one Samoyed. Among them, six
were castrated males, two were spayed females, and one was an intact
female. Their ages ranged from 8 to 15 years old, with a mean age of
10.5. The BCS ranged from 3 to 7, with a mean score of 5. The mean
systolic blood pressure (mmHg) was 157.3 + 24.9, and the mean insulin
dose was 2.0 + 0.8 (IU/kg/day) (Table 1).

Among the 19 patients who participated in the test, 9 dropped out;
thus, 10 patients were monitored for a duration of 1 year. A summary
of this is shown in Figure 1.

Significant weight loss was observed after 3 months of receiving
the drug in the SID group compared with that before the administra-

tion (p < 0.01). In both groups, significant weight loss was observed
after receiving the drug for 12 months compared with that before the
administration (p < 0.001) (Figure 2A). The total insulin requirement
for glycaemic maintenance decreased in both groups. In particular, a
significant reduction was observed after 2 months of receiving the
drug in the DWP SID (p < 0.01) (Figure 2B). Although not significant in
both groups, a decreasing trend was observed in the fructosamine and
fasting glucose levels (Figure 2C,D).

3.2 | Assessment of blood ketone after treatment
with DWP16001

Changes in blood ketone levels were assessed by measuring serum or
whole blood beta-hydroxybutyrate 12 months after the administration
of DWP16001. No significant differences in blood ketone levels were
observed between the two groups before administration, and no sig-
nificant changes in blood ketone levels were observed in either group

for 12 months after administration (Figure 3).

3.3 | Assessment of haematological findings and
serum biochemistry after treatment with DWP16001

No significant difference was observed in the haematological findings
in either group over the 12-month test period. In addition, no signifi-
cant change was observed in the serum chemistry test results of either

group before or after taking the drug (Table 2).

3.4 | Adverse reactions

As a result of checking the appetite, vitality, faeces, vomiting, water
intake and urination of the two groups before and after drug admin-
istration during the study period, only one animal in the once-daily
administration group showed an increase in appetite 12 months after
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19 dogs enrolled
in this study

At the start of the study

Group 1: DWP SID
DWP 161001 0.025 mg/kg
Once a day
For 8 weeks
n=9

Group 2: DWP TOD
DWP 161001 0.025 mg/kg
Every 3 days
For 8 weeks
n=10

If the owner agrees to participate in the long-term

v

Long-term clinical trial
participants

Group 1: DWP SID
DWP 161001 0.025 mg/kg
Once a day
For 12 months
n=>5

v

Group 2: DWP TOD
DWP 161001 0.025 mg/kg
Every 3 days
For 12 months
n=>5

FIGURE 1 Flow diagram of changes in the group composition of dogs enrolled in this study. In this study, 19 dogs were divided into two groups
according to the dosing frequency. After 8 weeks, the clinical trial was continued for a period of 1 year in 10 dogs after receiving consent from their

owners.

administration, and the remaining patients showed no obvious abnor-
mal signs. Additionally, no severe hypoglycaemia that could lead to
clinical symptoms was identified in any of the patients participating in
the clinical trial, and no ketoacidosis or dehydration was observed. Two
patients in the DWP SID group had cystitis when they visited a veteri-
nary hospital at 12 months; however, the clinical symptoms related to
cystitis improved after antibiotic treatment.

4 | DISCUSSION

The purpose of this study is to primarily evaluate the safety of insulin
and DWP16001, a hypoglycaemic agent, in diabetic dogs when admin-
istered together to insulin-dependent diabetic dogs, and secondarily to
evaluate the effectiveness.

DWP16001, an SGLT2 inhibitor, developed by Daewoong Pharma-
ceutical, has recently completed phase 3 clinical trials on humans.
It has received final approval from the KFDA (registration number
NCT04632862). According to pharmacokinetic and pharmacodynamic
studies conducted in mice, DWP16001 had a higher renal distribution,
greater effect and greater persistence than those of dapagliflozin and
ipragliflozin (Choi et al., 2020). In addition, a recent study on the use
of DWP16001 in humans with diabetes suggested that DWP16001

can be used as an alternative to dapagliflozin. These findings suggest

that DWP16001 can be an excellent alternative to existing SGLT-2
inhibitors in human T2DM (Han et al., 2023). However, in order to apply
it as a therapeutic option in veterinary medicine, its therapeutic effect
must be evaluated in dogs and cats with naturally occurring diabetes.
In this study, DWP 16001 controls blood glucose level with reducing
the insulin demand without inducing DKA in diabetic dogs. These find-
ings are similar to those reported in human studies that involved the
administration of SGLT2 inhibitors to patients with DM. Previous stud-
ies have shown that SGLT2 inhibitors significantly improved the levels
of major glycaemic control parameters (fructosamine, fasting plasma
glucose, blood pressure and insulin dose) in humans (Chao, 2014).
In addition, it was observed that the administration of DWP16001
lowered the body weight in diabetic dogs. If the body’s use of glu-
cose is inadequate in diabetic patients, weight loss may occur due
to a decrease in intracellular glucose uptake and osmotic dehydra-
tion due to urinary glucose. However, in the case of the patients who
participated in this test, diabetic ketosis did not occur as confirmed
through questionnaires and physical examination, and dehydration was
not confirmed. It is believed that pathological weight loss due to dia-
betes was not observed. In contrast, previous studies in humans have
shown that one of the side effects of insulin therapy is weight gain
(Russell-Jones & Khan, 2007). Insulin-related weight gain occurs due
to the anabolic effects of insulin, increased appetite and reduced gly-

cosuria (Longo et al., 2019). Therefore, the use of the hypoglycaemic
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changes in blood fructosamine level and percentage, (D) changes in the fasting blood glucose level and percentage. The results are presented as
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at each time point). DWP TOD, group that received 0.025 mg/kg of DWP16001 once every 3 days; DWP SID, group that received 0.025 mg/kg of

DWP16001 once a day.

drug metformin in combination with insulin is recommended to limit
weight gain in patients with diabetes. Other newly developed oral
therapies and insulin analogues may also aid weight control (Heller,
2004). A study reported weight loss in obese dogs after the admin-
istration of DWP16001 (Rhee et al., 2022); however, no study has
evaluated the weight change in dogs when DWP16001 is used in
combination with insulin treatment. Although the exact relationship
between blood glucose and blood pressure remains unknown, the spec-

trum of vascular complications associated with DM in dogs is similar to

that observed in humans and includes systemic hypertension. Through
this study, weight loss and changes in blood pressure were confirmed
after the administration of DWP16001 in diabetic dogs undergoing
insulin treatment, and it aid in predicting the patient’s condition dur-
ing DWP16001 treatment. However, it is necessary to evaluate weight
loss and subsequent side effects when DWP16001 is applied to alarger
number of diabetic dogs.

DWP16001 was applied to dogs with insulin-dependent DM in

this study. Previous studies on SGLT2 inhibitor administration in
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FIGURE 3 Effect of DWP16001 on the changes in blood ketone
level in diabetes dogs at each study time point. Change in blood ketone
level in each group. Data are expressed as mean + standard deviation.
DWP TOD, group that received 0.025 mg/kg of DWP16001 once
every 3 days; DWP SID, group that received 0.025 mg/kg of
DWP16001 once a day.

humans have confirmed the safety and efficacy of SGLT2 inhibitors
for the treatment of T2DM; thus, SGLT2 inhibitors are primarily
recommended for the treatment of patients with T2DM. Recent
human studies have reported that SGLT2 inhibitors effectively control
blood glucose levels and reduce insulin requirements without seri-
ous adverse effects in TIDM when administered in combination with
insulin (Yanget al., 2017). However, no veterinary studies have system-
atically confirmed the efficacy and safety of a combination of SGLT2
inhibitors and insulin in dogs with TIDM. Thus, this study is important
in that it evaluated the effectiveness and safety of DWP16001 in dogs
with naturally occurring TIDM. Additionally, it should be noted that
the administration of DWP16001 in diabetic dogs receiving insulin did
not show any serious adverse health effects.

DKA is a medical emergency characterized by hyperglycaemia
(blood glucose >250 mg/dL), metabolic acidosis (arterial pH <7.3 and
serum bicarbonate level <18 mEqg/L) and ketosis. Diabetes acidosis
occurringin patients receiving hypoglycaemic drugs with blood glucose
levels <200 mg/dL is defined as euglycaemic DKA (Ogawa & Sakaguchi,
2016). The mechanism by which SGLT2 inhibitors induce euglycaemic
DKA remains unclear (Chow et al., 2023). Although the SGLT2 receptor
is predominantly found in the proximal tubule of the nephron, which
does not readily explain its potential role in DKA, recent research has
revealed its presence in the alpha cells of the pancreas responsible
for glucagon secretion. This direct activation of glucagon secretion,
combined with the persistent glycosuria induced by SGLT2 inhibitors,
leads to a catabolic state. This catabolic state indirectly triggers the
release of glucagon and catecholamines. Additionally, these inhibitors
have been found to reduce insulin secretion by pancreatic beta-cells.
The resulting imbalance between insulin and counterregulatory hor-
mones can promote lipolysis and ketogenesis, which can be further
exacerbated by factors such as volume depletion or an excess of cat-
echolamines, such as concurrent illness or reduced food and water
intake. Lactic acidosis is a common finding in DKA. Anaerobic glycol-
ysis due to inadequate tissue perfusion and oxygenation as well as
metabolic disorders associated with DKA can contribute to elevated
lactate levels (Blau et al., 2017). In our study, the ketone levels tended

to increase in diabetic dogs receiving the hypoglycaemic drug once a

day; however, it increased within the range of normal ketone levels.
Moreover, acidosis and elevated lactate levels were not observed in
the venous blood analysis. No significant adverse effects related to
metabolic acidosis were identified in this study. However, as adverse
effects have been reported in previous studies, it is recommended to
administer the drug after close monitoring of metabolic acidosis in
human patients with DM (Ogawa & Sakaguchi, 2016). Additionally,
no adverse effects on kidney function, lipid metabolism and hydration
were observed in this study.

Some studies have shown that SGLT2 inhibitors resulted in a gradual
recovery and stabilization of renal function after reducing glomeru-
lar hyperfiltration in human patients with TIDM (Nespoux & Vallon,
2018; Vallon et al., 2013). However, according to Haneda et al. (2016)
SGLT2 inhibitors cause dehydration if water intake is not sufficient,
which increases the blood urea nitrogen (BUN) ratio. In our study, kid-
ney function was evaluated through blood tests for BUN, creatinine
(CREA), calcium (Ca), phosphorus (P) and symmetric dimethylarginine
(SDMA). Although this study did not reveal any significant changes at
re-evaluation after 8 weeks and 12 months, hydration and increased
BUN should be monitored in patients with diabetes receiving SGLT2
inhibitors.

SGLT2 inhibitors also have a marked effect on lipid metabolism, act-
ing at different cellular levels (Rhee et al., 2022). It changes the body
composition and results in weight loss by reducing the accumulation
of lipids, visceral fat and subcutaneous fat (Wang et al., 2017). SGLT2
also regulates key molecules in lipid synthesis and transport and influ-
ences the oxidation of fatty acids. Specifically, it enables utilization of
lipids and ketone bodies as substrates (Szekeres et al., 2021). In this
study, changes in lipids-related markers, such as TG and T-chol, were
observed in the blood; however, no significant changes were found in
the lipid metabolism-related levels in either group after 12 months of
drug administration.

According to previous studies, SGLT2 inhibitors have the potential
to provide renal and cardioprotective benefits to patients with TIDM
through the reduction of blood glucose levels with low hypoglycaemia
risk, glomerular hyperfiltration, blood pressure, volume overload and
weight (Bonaventura et al., 2019; Kario et al., 2018; Nespoux & Vallon,
2018; Vallon et al., 2013). Additional studies are needed to determine
whether DWP16001 has potential beneficial effects on the kidneys
and heart when administered to dogs with diabetes.

This study has several limitations. First, it is known that diabetes
is often associated with various diseases (Coady et al., 2019; Fisher
et al.,, 2020; Mattin et al., 2007); however, the effect of administering
SGLT2 inhibitors on these diseases was not addressed in this study.
Second, this study has no separate control group and limited blood
glucose monitoring. In designing the study, patients who had stable
blood glucose levels for more than 1 month were selected. Except
for cases where drugs that affect blood glucose levels other than
insulin were administered, fasting blood glucose and fructosamine
levels were measured to observe changes before and after dwp16001
administration. However, it is believed that more detailed conclusions
could have been reached if a control group and continuous blood
glucose monitoring had been added to the study. Third, in this study,
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the number of patients who consented to participate in long-term
clinical trial for 1 year was small. Small sample size makes it difficult to
check whether the assumptions of the statistical test are satisfied as
well as affects the reliability of the results of the subsequent statistical
analysis. To compensate for these limitations, future research needs
to be conducted by further increasing the population, it is necessary
to conduct further clinical trials with more patients. Fourth, the reason
why insulin requirements decreased more in the SID group than in
the TOD group is presumed to be that the fructosamine concentration
decreased relatively in the SID group, resulting in a decrease in insulin
requirements, but the cause was not clearly identified. Fifth, both
groups showed a decrease in insulin requirements considering the
1-year average, but at 12 months, the SID group showed an increase
in insulin requirements. According to previous studies, continuous
exogenous insulin treatment induces the production of insulin anti-
bodies and increases insulin resistance (Hu & Chen, 2018), which may
have increased insulin requirements. However, the possibility that the
increase in insulin requirements is a temporary phenomenon cannot
be ruled out. Therefore, additional long-term monitoring studies are
needed. Nevertheless, this study is meaningful in that it confirmed
adverse effects and changes in insulin administered for blood glucose
control after SGLT2 inhibitor administration in dogs with naturally
occurring type 1 diabetes. This may serve as a reference for future

application of SGLT2 inhibitors in insulin-dependent diabetic dogs.

5 | CONCLUSIONS

When DWP16001, an SGLT2 inhibitor, was supplied to dogs with type
1 diabetes, no adverse effects were observed, and it was confirmed
that the administered insulin dose can be reduced in controlling blood
glucose. Although more long-term randomized trials are needed to
determine the long-term effects of SGLT2 inhibitors as adjuvant ther-
apy in the treatment of diabetic dogs, this study will serve as the
reference for the application of SGLT2 inhibitors in dogs with TIDM.
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