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Abstract 

Background: Type2 Diabetes mellitus is a progressive disease with multiple pathophysiological defects. If 

tolerated and not contraindicated metformin as monotherapy is the drug of choice in the diabetic patient. 

Dual or triple therapy can be considered if glycemic control is not achieved in the three months. 

Combination drug with complimentary mechanism of action and with lesser adverse events (hypoglycemia, 

weight gain, cardio-renalevents) can be consider in patients with type 2diabetesmellitus. 

Methodology: A thorough literature search was performed using PubMed, Google Scholar and Embase. The 

authors selected the articles based on relevance. T2DM, SGLT2 inhibitors, SGLT2 antagonist, DPP-4 

antagonist, DPP-4 inhibitors, dual therapy, add-on therapy were the major searched key words. 

Result: Through the literature we observed that diabetic patients on monotherapy are at high risk of 

developing micro and macrovascular complication. Two oral hypoglycemic drugs i.e., sodium glucose 

cotransporter 2 inhibitor (SGLT2i) and dipeptidyl peptidase 4 inhibitor (DPP-4i) were identified with 

complementary mechanism of action. Dual (SGLT2i and DPP-4i) therapy or add on therapy to metformin 

can be used at any phase of diabetes mellitus and are usually well tolerated with lesser side effects. 

Conclusion: Combination use of SGLT2 inhibitors and DPP-4 inhibitors is attractive because of their 

complementary mode of action. Dual therapy or add on to metformin should be consider from the initial 

point of prescribing. Though the precise positioning of a DPP-4i-SGLT2i combination should be better 

outlined by supplementary studies, this process seems to be a novel choice for the management of patients 

with T2DM, with a good efficacy/safety ratio but at a higher cost. 
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Introduction 

Type2diabetesmellitus, is a gradual illness with 

several pathophysiological defects [1,2].Mono 

drug therapy cannot address these multiple 

pathophysiological blemishes and often leads to 

drug failure or failure to uphold targeted 

glycaemic control. American Diabetes 

Association (ADA) and American Association of 

Clinical Embryology (AACE) proposed 

sequential addition of T2DM treatments from 

routine alterations to combination therapy[3,4]. 

However, high HbA1c level varies in both the 

guidelines (≥7.5% AACE or ≥9.0%ADA]. If 

tolerated and not contraindicated, metformin is 

recommended choice of drug in diabetes. If 

glycaemic control is not attained in three months, 

then the addition of a second drugis considered. 

Triple therapy is indorsed if dual therapy failed to 

attain the target glycaemic control. Prolonged 

exposure to hyperglycaemia can lead to micro and 

macrovascular complications. Therefore, 

combination therapy can be initiated early to  

improve long term complications and to avert 

progressive beta cell damage [2,5]. An ideal 

combination of an oral hypoglycaemic drug 

should have a complementary mechanism of 

action and should target all phases of diabetes 

without increased risk for hypoglycaemia, weight 

gain, cardio-renal events as well as provide 

patient drug compliance by providing oral 

medication, once a day single pill administration. 

Two classes of oral hypoglycaemic agents that 

meet the above criteria are sodium-glucose 

cotransporter-2 (SGLT2) inhibitors and dipeptidyl 

peptidase 4 (DPP-4) inhibitors. At extant, SGLT-

2i and DDP-4i are the second or third line of 

treatment to add on to dual or triple therapy [3,4]. 

Patients or individuals with metformin 

contraindication, DPP4i and SGLT2i are the 

drugs that can be used at any stage of diabetes. 

The present review will discuss the possible 

complementary mechanism of SGLT2i and 

DPP4iindetail [6]. 

 

SLT2 inhibitor and DPP4 inhibitor 

combination with other oral hypoglycemic 

agent on the market 

There are numerous possible combinations of 

diabetes medications. Since metformin is a 

prescription that the majority of diabetic peoples 

take, it is included in nearly half of the 

combination products available today [7,8]. 

Table. 1 summarises the FDA-approved dose 

combinations of metformin, SGLT2 inhibitors, 

and DPP-4 inhibitors, as well as metformin, DPP-

4 inhibitor, and SGLT2 inhibitor. The majority of 

recently authorised mono therapies known as 

novel molecular entities (NMEs) target 

established molecular pathways that most recently 

approved NMEs that are monotherapies target 

proven molecular pathways that have been 

verified by other approved antihyperglycemic 

drugs. For instance, sodium-glucose co 

transporter type 2 (SGLT2), which received 

approval in 2014, is the newest molecular target. 

However, combination therapies that target 

various routes for the treatment of diabetes 

mellitus have also been getting more approvals 

[9-14]. 

 

Table1.List of oral antidiabetic Fixed Dose Combination 
DPP4 inhibitors & Metformin 

Generic name   Brand Machenism of Action FDA 

Appro

val 

Sitagliptin + 

Metformin 

 

50/500mg 

50/1000mg 

Janumet, Janumet 

XR 

 

Prevent the  breakdown 

of Glp-1 and GIP, 

Stimulate insulin and 

decrease the glucagon 

release from the pancreas 

2007 

Saxagliptin + 

Metformin 

 

5/500mg 

5/1000mg 

2.5/1000mg 

Kombiglyze XR 2010 

Linagliptin + 

Metformin 

 

2.5/500mg, 2.5/1000mg Jentadueto 

 

2012 

Alogliptin + 

Metformin 

12.5/500mg Kazano 2013 

SGLT2 inhibitors & Metformin 

Canagliflozin + 

Metformin 

50/500 mg Invokamet,  Reduced the blood 

glucose by blocking the 

glucose reabsorption in 

the kidney  

2014 

Canagliflozin + 

Metformin 

50/500mg Invokamet XR 

 

2016 

Ertugliflozin + 2.5/500mg Segluromet 2017 
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Metformin 

 

 

Empagliflozin + 

Metformin 

 

5/500mg,5/1000mg 

12.5/500mg, 

12.5/1000mg 

Synjardy, Synjardy 

XR 

 

2015 

Dapagliflozin + 

Metformin 

 

5/500mg, 10/500mg 

5/1000mg/10/1000mg 

Xigduo XR 

 

2014 

SGLT2 Inhibitor & DPP-4 Inhibitor 

Empagliflozin + 

Linagliptin 

 

10/5mg Glyxambi SGLT2 and DPP-4 

inhibitors lower blood 

glucose separately by 

blocking the glucose 

reabsorption in the 

kidney and Prevent the  

breakdown of Glp-1 and 

GIP, Stimulate insulin  

2015 

Dapagliflozin + 

Saxagliptin 

 

10/5mg Qtern 2017 

Ertugliflozin + 

Sitagliptin 

 

5/100mg Steglujan 2017 

Biguanide, DPP-4 Inhibitor & SGLT2 Inhibitor   

Empagliflozin + 

Linagliptin + 

Metformin  

 

Tardy XR 

 

5/2.5/1000mg, 

10/5/1000mg, 

12.5/2.5/1000mg, 

25/5/1000mg 

 2019 

Dapagliflozin + 

Saxagliptin + 

Metformin 

Qternmet XR 2.5/2.5/1000mg 

5/5/1000mg 

10/5/2000mg 

2020 

 

SGLT2 inhibitor and DPP4 inhibitor: A 

possible complementary mechanism of action 

Several complementary modes of activity By 

different, complimentary processes, SGLT2 

inhibitors and DPP-4 inhibitors both reduce blood 

sugar levels. Both depend on glucose, which 

explains why there is little chance of 

hypoglycemia when receiving medication. Within 

minutes of eating, the hormones known as 

incretins, including GLP-1 and glucose-dependent 

insulinotropic polypeptide (GIP), are secreted into 

the bloodstream where, among other things, they 

control pancreatic secretion of insulin and 

glucagon. The enzyme DPP-4 quickly renders 

them both inactive. Of the two incretins, GLP-1 is 

more crucial for glucose control in persons with 

type 2 diabetes. Inhibition of DPP-4 stops GLP-1 

from being broken down, increasing insulin 

secretion while decreasing glucagon release and 

suppressing the generation of endogenous 

glucose. [15-18].The enzyme SGLT2 controls the 

reabsorption of glucose in the renal tubules. 

Therefore, SGLT2 inhibition increases urine 

glucose excretion, which immediately affects 

blood sugar levels.5, the entire implications of 

these characteristics are not yet fully known, 

however SGLT2 inhibitors significantly boost  

 

 

endogenous glucose synthesis 6 and glucagon 

secretion [19-21]. Combining these methods of 

action should therefore increase their ability to 

decrease blood sugar levels; a DPP-4 inhibitor 

may even work to offset the effects of an SGLT2 

inhibitor on glucagon secretion and endogenous 

glucose synthesis. In people on metformin, their 

combined effects on blood glucose are less than 

additive [22-29]. Fig. 1, illustrates the 

complementary positive effect of this 

combination [30]. 

 

Pathophysiological effect 

SGLT1 and SGLT2 are transporter proteins, 

located at early proximal tubules which facilitate 

glucose reabsorption. SGLT2 alone is responsible 

for 70-90% of the glucose reabsorption [6,31]. In 

diabetes, expression of SGLT2 increased, 

causative to enhance glucose reabsorption [31]. 

Inhibitions of SGLT2 results in decreased renal 

glucose reabsorption up to 50% and therefore 

reduce hyperglycaemia in type 2 diabetes 

mellitus. Drugs of the SGLT2i class are now 

becoming the most commonly prescribed drug, as 

the mechanism of SGLT2i is sovereign to 

pancreatic beta-cell function and insulin 

sensitivity [32]. 
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Fig 1. An example of type 2 diabetes mellitus and the complementing glucose-lowering effects of DPP4i and 

SGLT2i. Systolic blood pressure, GIP glucose-dependent insulinotropic polypeptide. 

 

DPP-4 inhibitors, inhibit the enzymatic 

degradation of incretin hormone consequently 

increase the half-life of incretin which in turn 

augment the insulin secretion and decrease 

glucagon secretion from pancreatic beta and alpha 

cells respectively, thus reduce endogenous 

glucose production[33]. 

 

Efficacy of SGLT2 and DPP-4 inhibitors in 

type2 diabetes mellitus 

The majority of the meta-analysis showed that 

treatment with SGLT2i as monotherapy improved 

HbA1c level by 0.5-1.0%, reduced weight by 

approx 2kg and reduced systolic blood pressure 

by 2-5mmHg [34-37]. A possible mechanism 

behind weight loss is due to loss of calories 

through augmented glucose excretion in the urine 

[38, 39]. Drop in systolic blood pressure is not 

known but can be due to weight loss, and reduced 

arterial stiffness [40-42]. Some meta-analyses 

showed a reduction of up to3%in patients with 

baseline HbA1c of more than 10% [43-45]. The 

following mechanism can be explained by the 

drug mode of action, where the amount of urinary 

glucose purging is moderately reliant on the 

patient’s glycaemic level and will up surge with 

increasing plasma glucose concentrations [6]. 

Placebo-control trials showed reduction of 0.6-

0.7% of HbA1c with DPP-4i from the baseline of 

7.8-8.0% [42,46,47]. Besides greater reduction in 

HbA1c (upto1.5%) is seen in a patient with 

HbA1c baseline of more than 9% [42,48]. 

Increased level of GLP-1, no significant weight 

loss and small change in blood pressure was 

found to be associated with DPP-4i [4,48-51]. 

The use of SGLT2 inhibitor and DDP-4 inhibitor 

to additional oral antidiabetic medications is 

advised as a second- or third-line therapy option 

our subgroup meta-analysis showed that 

combination therapy with SGLT2 inhibitor/DPP-4 

inhibitor could give patients receiving metformin 

or naive therapy optimal efficacy without raising 

the risk of side effects. This demonstrated that a 

variety of patients at various stages, such as those 

who were first treated with metformin but were 

unable to tolerate it, could benefit from the 

combined strategy [52]. Safety Profile of SGLT2 

inhibitors and DPP-4inhibitors 

 

SGLT2i are well tolerated and one of the safe 

drugs concerning their mechanism of action. In 

the absence of insulin or insulin secretagogue, the 

risk of hypoglycaemia is very low [53-55]. 

However, some authors reported, SGLT2i 

induced genital mycotic infection and urinary 

tract infection. The genitourinary related infection 

is thought to be related to an increased level of 

glucose in urine [56]. In 2008, FDA revised the 

SGLT2i drug label with a possible complication 

of urosepsis and pyelonephritis [57]. In elderly 

patients or patients with impaired renal function 

or patients on a diuretic or ACE inhibitor, the use 

of SGLT2i should be monitor due to possible 

complications of hypotension [53,54,58]. 

Glycaemic efficacy of SGLT2 inhibitors reduced 

with reduction in renal functions, therefore, these 

classes of drugs are contra-indicated in patients 

with end-stage renal disease (ESRD) or on 

dialysis. In the fourth phase of a clinical trial, 

diabetic ketoacidosis was found to be associated 

with SGLT2i [58]. Surgical procedures, infection 

and extensive exercise were found to be 
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predisposing factors for diabetic ketoacidosis in 

patients with SGLT2i [59]. Canagliflozin was 

found to be allied with the peril of bone fracture 

and fractures were detected within 12 weeks of 

therapy initiation [58]. 

DPP-4 inhibitors are generally well tolerated as 

incretin associated insulin excretion occurs in 

retort to food intake. The risk of  hypoglycaemia 

with DPP4i is very low. However, the risk of 

hypoglycemia is increased when taken with 

insulin or with insulin secretagogue [60-62]. Dose 

adjustment is required in patients with moderate 

to severe renal impairment but linagliptin does 

not require dose adjustment [60-63]. In phase four 

of clinical trials, moderate to incapacitating 

arthralgia, anaphylaxis, angioedema and skin 

disorders have been reported. 

Concerning bone fracture, one meta-analysis of 

randomized control trials reported that general 

risk was comparable to that of controls [64]. In 

patients with DPP4i, acute pancreatitis has been 

observed. However, it is not identified whether 

patients with a medical history of pancreatitis are 

at augmented risk of developing pancreatitis 

during the treatment [65]. 

 

Cardiovascular safety of SGLT2 inhibitors and 

DPP-4 inhibitors 

EMPA_REG trial conscripted patients with 

T2DM with a past medical-history of 

cardiovascular disease and was treated with 

empagliflozin. The trial reported a lower rate of 

cardiovascular mortality, non-fatal myocardial 

infarction and non-fatal stroke [66]. The trial also 

reported a reduction of cardiovascular mortality 

by 35%, all-cause mortality by 32% and relative 

risk by 35% in hospitalized patients with heart 

failure [56]. Thrillingly, empagliflozin was also 

allied with better renal functions or outcomes 

[67]. Three trials with DPP-4i were conducted: 

SAVOR-TIMI 53 [68,69], EXAMINE [70] and 

TECOS [71]. All three trials reported better 

cardiovascular outcomes (cardiovascular death, 

non-fatal myocardial infarction and stroke). 

However, unlike EXAMINE and TECOS, 

SAVOR-TIMI 53 reported an increased risk of 

hospitalization with saxagliptin. Agents with 

demonstrated CV advantages, as SGLT2i and 

GLP1-RAs, in patients with high CV risk, 

followed by agents with established CV safety if 

more glycemic control is needed. Therefore, in 

patients with high CV risk and/or heart failure 

risk who have HbA1c [1.5% above the 

individualized target], the combination of an 

SGLT2i and DPP4i may become more important. 

Targeting manifold pathophysiological mechanism 

for T2DM with SGLT2i and DPP4i combination 

treatment is a unambiguous advantage and also 

supports the application of this combination early 

in T2DM management [72]. 

 

Combining SGLT2 inhibitors and DPP-4 

inhibitors 

To target different pathophysiological defects 

allied with T2DM, combination of SGLT2i and 

DPP4i mechanism of action are found to be 

valuable [3,46]. Metabolic studies with SGLT2i 

confirmed that falling of plasma glucose by 

means of an agent that acts through renal, 

improves peripheral insulin sensitivity as well as 

beta cell functions, in spite of an increase in 

endogenous glucose production [8,9]. Hansen L et 

al., reported beneficial effect of saxagliptin plus 

dapagliflozin on pancreatic alpha and beta cell’s 

function [47]. Furthermore, both the drug classes 

have better tolerability and have no risk of 

hypoglycemia when used with other drugs except 

with insulin or insulin secretagogue. Another 

potential benefits weight loss with SGLT2 

inhibitors while DPP4i are weight neutral. As 

discussed before, empagliflozin (SGLT2i) have 

cardio protective effect mean while more research 

is obligatory for DPP4i. Not one case of heart 

failure was stated in clinical trial with 

empagliflozin-linagliptin as combination or as 

add-on to metformin [48,49]. At present two pill 

choice are available, these medicines are not 

retested in analogous clinical trial program to the 

discrete drug since agents are bioequivalent[50]. 

 

Empagliflozin and Linagliptin Combination 

Therapy 

Efficacy and safety of empagliflozin plus 

linagliptin was determined in the randomised, 

double blind parallel group trial [49]. Result 

directed toward the benefits of empagliflozin as 

add-on to linagliptin-metformin [51] as well as 

linagliptin to add on to metformin-empagliflozin 

[52]. The use of empagliflozin and linagliptin as a 

single pill is approved by FDA [53], and by the 

European Medicine Agency [54]. The 

bioequivalence of the empagliflozin 25mg-

linagliptin 5mg single pill combination stranded 

on the overall associate like area under the curve, 

time to the maximum plasma concentration [55]. 

 

Empagliflozin and Linagliptin: Treatment 

naïve patient and Add on to metformin 

Treatment naïve or metformin treated patients 

were sub-divided into 5sets: empagliflozin 25mg-

linagliptin 5mg; empagliflozin10mg-linagliptin 

5mg; empagliflozin 25mg; empagliflozin10mg; or 
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linagliptin 5mg for 12 months. At 24 weeks, in 

treatment naïve patients, significant reductionin 

HbA1c was noticed in patients with both 

empagliflozin and linagliptin as compared to 

patients with  linagliptin; empagliflozin10mg-

linagliptin5mg showeda significant drop in 

HbA1c as related to empagliflozin10mg [49]. At 

24 weeks of treatment with metformin, significant 

reduction of HbA1c was noticed as compared to 

the both doses of empagliflozin and linagliptin 

[48]. At 24 and 52 weeks of treatment with 

empagliflozin plus linagliptin, significant weight 

reduction was found when compared to linagliptin 

but not compared with either empagliflozin dose 

[48,49]. With respect to blood pressure, at 52 

week no difference was determined between 

monotherapy and empagliflozin plus linagliptin 

[49]. In metformin group, significant blood 

pressure reduction was found when compared to 

empagliflozin plus linagliptin [48]. With respect 

to safety profile, no difference was found in 

patients with empagliflozin plus linagliptin and in 

patients with monotherapy. [48,49]. Similar 

extents of genital infection and UTI were reported 

in both the studies group. One case of pancreatitis 

was reported in empagliflozin plus linagliptin and 

in linagliptin plus metformin group respectively. 

 

Dapagliflozin and Saxagliptin Combination 

therapy 

EMA and FDA approved single pill use of 

dapagliflozin plus saxagliptin for use in patients 

with T2DM [56]. Both saxagliptin 2.5 mg plus 

dapagliflozin 5mg and saxagliptin 5mg plus 

dapagliflozin10mg found to be bioequivalent to 

the strength of monotherapy [57]. Rosenstock et 

al [58], Mathieu et al [59], and Matthaei et al 

assed safety profile of saxagliptin-dapagliflozin 

combination therapy as add-on to metformin in 

control-placebo, double blinded randomized 

control trial. 

 

Dapagliflozin plus saxagliptin as add on to 

metformin 

Randomized control trial by Rosenstock et al., 

equated combination of dapagliflozin 10mg and 

saxagliptin 5mg with monotherapy or as add-on 

to extended-release formulation of metformin 

[58]. Patients with T2DM treated with Metformin 

(≥1.5g/day) who had anHbA1c of 8–12% and a 

BMI of ≤45 kg/m2 were randomized to 

dapagliflozin 10 mg andsaxagliptin 5 mg, 

dapagliflozin 10mg and placebo, or saxagliptin 

5mg and placebo. At 6months, the trial reported 

significant reduction of HbA1C from the baseline 

in patient with saxagliptin and dapagliflozin 

combination pill as compared to monotherapy add 

on to metformin. Similarly, reduction of fasting 

blood glucose was found to be significant in 

saxagliptin and dapagliflozin combination group 

when compared to saxagliptin monotherapy but 

not against dapagliflozin at 24 weeks. Significant 

loss of weight was observed in patients with 

saxagliptin plus dapagliflozin when compared to 

saxagliptin but not with dapagliflozin. Safety 

profiles were similar in all the treatment groups 

and no maj or hypoglycaemic event or heart 

failure event was observed in thet rial. As 

compare to saxagliptin and combination therapy 

patients on dapagliflozin monotherapy, were 

reported with urinary tract infection. Single case 

of pancreatitis was observed in combination 

therapy group. 

 

Conclusion 

Diabetic patients on monotherapy often require 

additional agent to achieve targeted glycaemic 

values. Combination of SGLT2 inhibitors and 

DPP4 inhibitors as add on to metformin therapy 

effectively improves the glycaemic control. In 

addition to glycaemic control, SGLT2 inhibitors 

and DPP-4 inhibitors provide significant 

reduction in blood pressure and weight. Use of 

SGLT2 inhibitors and DPP-4 inhibitors as a 

single pill is well tolerated and very few adverse 

events were observed. Rather than using stepwise 

treatment plan, physician can directly consider 

triple therapy in T2DM patients to achieve 

desired glycaemic control. 
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