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Abstract: Diabetes mellitus presents a significant global health issue, necessitating innovative strategies to
enhance patient outcomes. Effective glycemic control is crucial for mitigating the risk of complications such
as diabetic nephropathy and cardiovascular disease. Traditional oral antidiabetic agents often fall short in
long-term glycemic management, underscoring the need for advanced treatments. Sodium-glucose
cotransporter-2 (SGLT2) inhibitors offer a novel approach for managing type 2 diabetes mellitus. These
agents have demonstrated efficacy in reducing glycated hemoglobin without inducing hypoglycemia, either
as monotherapy or in combination with various other glucose-lowering agents. They also provide additional
benefits, such as promoting weight loss and lowering arterial blood pressure. Dapagliflozin, a highly potent,
reversible, and selective SGLT2 inhibitor, has emerged as a cornerstone in the management of type 2 diabetes
mellitus. It represents an attractive therapeutic option for patients whose blood glucose levels are inadequately
controlled by metformin and/or other oral antidiabetic drugs (OADs), offering a complementary insulin-
independent mechanism of action. Dapagliflozin lowers blood glucose by promoting glycosuria and provides
cardiovascular and renal benefits, leading to its widespread use. However, given the polypharmacy typical in
diabetic patients, understanding the drug-drug interactions (DDIs) of dapagliflozin is crucial for optimizing
patient care. This review explores the pharmacokinetics and pharmacodynamics of dapagliflozin and potential
drug-drug interactions (DDIs). Interactions with other glucose-lowering agents and cardiovascular drugs are
noted, with potential impacts on efficacy and safety. The review also addresses interactions with UGT
modulators, CYP3A4 inducers, and inhibitors, emphasizing the need for careful management to avoid adverse
effects and optimize therapy.
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INTRODUCTION

Diabetes mellitus is widely recognized as an epidemic, representing a major public health issue in the 21st
century [, In 2021, it was estimated that 10.5% of individuals aged 20 to 79 years worldwide had diabetes,
affecting approximately 536 million people. By 2045, this percentage is expected to rise to 12.2%,
encompassing approximately 783.2 million people 2. Normalizing blood glucose levels early on is important
to lower the risk of macrovascular and microvascular complications, including diabetic nephropathy and
cardiovascular disease and mortality 1. The existing therapeutic classes of oral antidiabetic agents are not
sufficiently effective in sustaining long-term glycemic control in most patients with T2DM, even when used
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in combination with other medications [, and there remains a medical need for advancing pharmacological
treatments of T2DM P,

Since the release of the 2012 position statement, a significant development in treatment options has been the
introduction of a new class of hypoglycemic agents: sodium—glucose cotransporter 2 (SGLT2) inhibitors [,
These agents lower HbAlc levels by 0.5-1.0% (5.5-11 mmol/mol) compared to placebo "8l Their
mechanism of action involves blocking the SGLT2 in the proximal nephron, which decreases glucose
reabsorption and increases urinary glucose excretion by up to 80 grams per day "°. This insulin-independent
mechanism can enhance the effectiveness of other oral antidiabetic drugs. Additional potential benefits
include modest weight loss of about 2 kg, which tends to stabilize over 6 to 12 months, and a consistent
reduction in systolic and diastolic blood pressure of approximately 2-4 mmHg and 1-2 mmHg, respectively
67101 The use of SGLT-2 inhibitors has beneficial effects on various risk factors associated with chronic
kidney disease, including hyperglycemia, blood pressure, body weight, and serum uric acid levels.
Dapagliflozin is the first drug in a new class of oral medications, selective sodium-glucose cotransporter 2
(SGLT2) inhibitors, developed for the treatment of type 2 diabetes . Moreover, to lower the risk of
cardiovascular complications, a comprehensive global strategy has been recommended for many years,
ensuring that most patients with T2DM are also prescribed a range of antihypertensive medications, lipid-
lowering drugs, and antiplatelet agents [*2. Relevant pharmacological agents encompass those frequently
prescribed to diabetic patients, including lipid-lowering and antihypertensive medications.; those with a
narrow efficacy-toxicity ratio, like digoxin and warfarin; and those that either induce (e.g., rifampicin) or
inhibit (e.g., fluconazole) the cytochrome P450 (CYP) system [131415],

Potential interferences may also occur between glucose-lowering agents and other drugs, and such drug-drug
interactions may have important clinical implications. Ideally, combining drugs that have minimal
pharmacokinetic interactions and distinct mechanisms of action could be beneficial. Pharmacokinetic
interactions impact the absorption, distribution, metabolism, and excretion of drugs. Hence, selecting drugs
that have no interactions with each other will improve the management of combined therapy.

This review aims to provide a detailed examination of the interactions between dapagliflozin and commonly
co-administered medications.

PHARMACOKINETICS AND PHARMACODYNAMICS OF DAPAGLIFLOZIN
Dapagliflozin, when taken orally, is rapidly absorbed and typically reaches peak plasma concentrations (tmax)
within 1-2 hours. It has a half-life of approximately 12-13 hours, allowing for once-daily dosing. Its systemic
exposure is dose-proportional across a wide range (0.1-500 mg) with an oral bioavailability of 78%. It has a
significant extravascular distribution, with an average volume of distribution of 118 L [*71. Dapagliflozin is
primarily metabolized in the liver and kidneys by uridine diphosphate-glucuronosyltransferase-1A9
(UGT1A9), producing the major metabolite dapagliflozin 3-O-glucuronide, which does not inhibit SGLT2 at
clinically relevant exposures. Only a small fraction of dapagliflozin is cleared through renal excretion (less
than 2% of the dose is recovered in urine as the parent drug), while its major metabolite is primarily eliminated
via renal excretion. Given these PK characteristics, there is potential for significant interactions with inhibitors
and inducers of UGT1A9 [16.17.18]

COMMON DRUG-DRUG INTERACTIONS (DDI)

Dapagliflozin, an SGLT-2 has been an effective option in treating diabetes mellitus and is also recommended
for the risk of cardiovascular death and hospitalization with reduced ejection fraction. As dapagliflozin is used
as add-on therapy in the existing condition, the clinical approach for the use of dapagliflozin should have
major concern on drug-drug interaction and their potential interaction effects [122%,

The databases we used to assess drug-drug interactions between dapagliflozin and some concomitant
medications:

= Uptodate (www.uptodate.com/)
(https://www.uptodate.com/contents/dapagliflozin-drug-
information/print?search=dapagliflozin&source=panel_search_result&selectedTitle=1~33&usage)
= Medscape (www.medscape.com/)
= Drugs.com. (www.drugs.com/drug_interactions.html)
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A. Drug-drug interaction with other glucose-lowering agents

Dapagliflozin may enhance the hypoglycemic effect of insulin when used together. It can be managed by
a decrease in the dose of insulin when initiating therapy with an SGLT2 inhibitor and monitoring patients for
hypoglycemia. It comes under Risk D requiring Consideration of therapy modification 21, The addition of
dapagliflozin in patients insufficiently controlled with glimepiride resulted in a significant reduction in HbAlc
with only a slightly increased risk of hypoglycemia 212223241 jt comes under the risk D category requiring to
Consider therapy modification. Also, it can be managed by Considering a decrease in the dose of sulfonylurea
when initiating therapy with an SGLT2 inhibitor and monitoring patients for hypoglycemia. Dapagliflozin
can enhance the hypoglycemic effects of insulin and insulin secretagogues. The management strategy is to
educate patients on hypoglycemia symptoms. Regularly monitor blood glucose levels and consider reducing
the dose of insulin or insulin secretagogues [22:23.24.26],

B. Drug-drug interactions with cardiovascular agents

Risk of hypotension and renal impairment are the possible interaction effects between dapagliflozin and
primarily used antihypertensive agents such as enalapril, lisinopril, atenolol, metoprolol, and amlodipine
severity of interaction is found to be moderate. it necessitates monitoring of blood pressure and renal function
if co-administration is required.
The effects of administering dapagliflozin concomitant with valsartan, simvastatin, digoxin, or warfarin were
assessed in healthy volunteers. valsartan and Simvastatin did not affect the exposure to dapagliflozin.
Dapagliflozin 20 mg led to modest increases in exposure to simvastatin and simvastatin acid; however, these
changes were deemed not clinically significant. A slight increase in exposure to R-warfarin and S-warfarin
was observed when warfarin was taken with dapagliflozin, but there was no change in the International
Normalized Ratio (INR). No other significant drug-drug interactions were detected, including any changes in
digoxin levels following dapagliflozin administration 27281,
The study by Schumacher (2024) reports a case of severe hypotension in a patient with heart failure with
reduced ejection fraction (HFrEF) who was undergoing combined treatment with a sodium-glucose co-
transporter-2 (SGLT-2) inhibitor and an angiotensin receptor-neprilysin inhibitor (ARNI) 28, The report
emphasizes the potential risk of the significant reduction in blood pressure when combining these two drug
classes. The findings indicate that careful monitoring is crucial when prescribing this combination to prevent
adverse events such as severe hypotension 2%,
Inhibition of glucose and sodium co-transport leads to mild diuresis and transient natriuresis, which results in
a reduction of intravascular volume. Adverse reactions related to volume depletion, such as hypotension,
postural dizziness, orthostatic hypotension, syncope, and dehydration, may occur after starting treatment with
SGLT-2 inhibitors. The risk of these reactions can be heightened when SGLT-2 inhibitors are used
concurrently with other blood pressure-lowering medications and diuretics 281,

C. Drug-drug interactions with other medications of interest

Since dapagliflozin is primarily metabolized through the UGT1A9 pathway to its main inactive
metabolite, dapagliflozin 3-O-glucuronide (D30G), the potential for drug-drug interactions (DDIs) with two
possible UGT1A9 modulators was assessed.: Rifampin, a broad-spectrum drug-metabolizing enzyme inducer,
and mefenamic acid, a potent UGT1A9 inhibitor B%. Mefenamic acid increased dapagliflozin exposure, likely
due to the inhibition of UGT enzymes involved in its metabolism. This interaction indicates that dapagliflozin
levels may rise when used with UGT inhibitors, potentially leading to increased pharmacological effects or
adverse events. Significant changes in dapagliflozin exposure were observed. rifampin caused a substantial
decrease in AUC (-22%), and mefenamic acid, led to a notable increase in AUC (+51%). However, only
minor ch{gg}ges in urinary glucose excretion (UGE) were detected, none of which were considered clinically
relevant %,
SGLT?2 inhibitors may reduce the serum concentration of lithium, which is classified under risk rating C. This
interaction can be controlled by routinely monitoring lithium levels and making necessary adjustments to the
treatment. A single case report details a 30-year-old patient with schizoaffective disorder who began treatment
with empagliflozin following a new diagnosis of type 2 diabetes. Additionally, the prescribing information
for dapagliflozin and lithium indicates that concurrent use of dapagliflozin with lithium may lead to reduced
serum lithium concentrations 1321,
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D. CYP3A4 Inducers

Drugs such as rifampin, phenytoin, and carbamazepine can decrease the plasma concentration of
dapagliflozin by inducing CYP3A4 enzymes. This reduction in dapagliflozin levels may result in diminished
efficacy and suboptimal glycemic control. To manage this interaction, blood glucose levels should be

monitored closely, and dosage adjustments of dapagliflozin may be necessary to ensure effective treatment
[28]

E. CYP3A4 Inhibitors

Drugs such as ketoconazole and ritonavir can elevate the plasma concentration of dapagliflozin by
inhibiting CYP3A4 enzymes. This increase in dapagliflozin levels raises the risk of adverse effects. To
manage this interaction, monitor for signs of dapagliflozin-related adverse effects, such as urinary tract
infections and volume depletion, and consider dose reduction if clinically necessary 281,

CLINICAL IMPLICATIONS AND MANAGEMENT STRATEGIES
Effective management of DDIs with dapagliflozin involves:

»= Regular Monitoring: Frequent monitoring of blood glucose levels, renal function, electrolyte
balance, and other relevant clinical parameters.

= Patient Education: Educating patients about potential side effects, signs of hypoglycemia,
dehydration, and the importance of adherence to prescribed therapies.

= Dose Adjustments: Adjusting doses of dapagliflozin or co-administered drugs based on clinical
response and laboratory findings.

= Interdisciplinary Approach: Collaborating with other healthcare professionals, including
pharmacists, to identify potential DDIs and optimize therapeutic regimens.

FUTURE PERSPECTIVES

As the use of dapagliflozin expands, ongoing research is needed to fully elucidate the extent of its DDIs and
develop more precise management guidelines. Future studies should focus on real-world data to capture the
nuances of DDIs in diverse patient populations.

Future research should aim to build detailed profiles of potential drug-drug interactions involving
dapagliflozin. This includes evaluating interactions with a broader range of medications used in diabetes
management, cardiovascular therapies, and CKD treatments to better understand how dapagliflozin interacts
with other commonly prescribed drugs. There is a need for long-term studies to assess how chronic use of
dapagliflozin interacts with other medications over extended periods. Understanding long-term effects will be
crucial for optimizing treatment regimens and ensuring sustained efficacy and safety.

CONCLUSION

Dapagliflozin is an effective and generally safe option for managing type 2 diabetes. All available studies
investigating potential drug-drug interactions (DDIs) between SGLT2 inhibitors and other drugs commonly
used in patients with type 2 diabetes provide reassuring results, with no clinically relevant pharmacokinetic
(PK) interferences detected when combined with other glucose-lowering agents or cardiovascular agents.
However, some case reports indicate potential drug interactions. Large phase 3 clinical trials lasting up to 1-
2 years have shown no clinically relevant safety issues when SGLT2 inhibitors are prescribed with other
glucose-lowering agents and several cardiovascular agents.

Nevertheless, when agents that selectively act on pathways involved in the metabolism of dapagliflozin (such
as UGT inducers and UGT inhibitors) are prescribed, larger changes in exposure to dapagliflozin may occur,
which could have clinical consequences. Its interactions with other medications necessitate careful
consideration to prevent adverse effects and ensure optimal therapeutic outcomes. Further studies are required
to more extensively investigate potential DDIs in patients with type 2 diabetes who are chronically treated
with dapagliflozin. By understanding these interactions and implementing appropriate management strategies,
healthcare providers can maximize the benefits of dapagliflozin therapy while minimizing risks.
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