
Review Article
Volume 5 Issue 2 - December 2017
DOI: 10.19080/CRDOJ.2017.5.555658

Curre Res Diabetes & Obes J
Copyright © All rights are reserved by HB Chandalia

What Next After Metformin? Guidelines and Indian 
Context

H B Chandalia1*, Suresh Damodharan2, NG Sastry3, Vijay Negalur4 and Shital Sarda5

1Diabetes Endocrine Nutrition Management and Research Centre (DENMARC), India 
2Consultant Diabetologist and Endocrinologist, India
3Mohans Diabetes Specialities Centre, India 
4Negalur’s diabetes & thyroid specialties center, India
5Medical Affairs, Astra Zeneca Pharma India Ltd, India

Submission: November 06, 2017; Published: December 07, 2017

*Corresponding author: HB Chandalia, Diabetes Endocrine Nutrition Management and Research Centre (DENMARC), Mumbai, India, 
 Tel: ; Email: 

Introduction
Prevalence of T2DM in India

The prevalence of Type 2 diabetes is rising globally. A recent 
report by International Diabetes Federation (IDF) on the global 
scenario shows that the prevalence of diabetes in 2014 was 382 
million and estimated to increase to an alarming 592 million 
by 2035.Nearly 80% of the diabetic population lives in the 
developing countries [1] and greater than 60% of world diabetes 
population will be in Asia [2]. Diabetes is fast gaining the status 
of a potential epidemic in India with more than 62 million 
diabetic individuals currently diagnosed with the disease [1]. 
It is predicted that by 2030 diabetes mellitus may afflict up to 
79.4 million individuals in India, while China (42.3 million) and 
United States (30.3 million) will also see significant increases in 
the disease [1]. 

Unique challenges in managing T2DM in India
The etiology of diabetes in India is multifactorial and includes 

genetic factors along with environmental influences. Some of the  

 
major factors which pose unique challenges in managing T2DM 
in India are presented in Table 1. The prevalence estimates are 
escalating both in the urban and rural regions of India. Although 
the prevalence of diabetes is lower in low socioeconomic group 
versus the high-income groups living in urban areas, the former 
group has higher prevalence of complications. This is because 
they tend to neglect the disease due to lack of awareness and 
also due to economic barriers [3]. Low disease awareness among 
the population is also one of the major causes for diabetes 
epidemic [3]. Cost of diabetes care is very high and it increases 
many-fold in case of complications which require admission 
to hospital, surgery or insulin treatment. Many patients suffer 
from vascular complications at the time of diagnosis due to the  
fact that the person is asymptomatic and has low awareness 
about the disease. Early diagnosis of diabetes (at pre-diabetes 
stage) will make early initiation of treatment possible and thus 
avoid occurrence of vascular complications. Early intervention 
could also help to preserve the beta cell function [4]. Because of 
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progressive nature of diabetes, patients fail to achieve target with 
multiple anti-diabetic agents. With early diagnosis and proper 
management, it may be possible to prevent T2DM along with 
its long term complications. Impaired fasting glucose (IFG) and 
impaired glucose tolerance (IGT) representation pre-diabetic 
state which is also highly prevalent in India. Current estimates 
show that India has nearly 3.0% of adults with prediabetes [4].
Table 1: Unique Characteristics and challenges in managing T2DM 
in India. 

Unique Characteristics Unique Challenges

High ethnic and genetic 
susceptibility for the disease

Increased prevalence of Impaired 
fasting glucose (IFG) and glucose 

tolerance (IGT)

Lower threshold limits for the 
environmental risk factors.

Obesity associated with rising 
living standards

Lower body mass index (BMI) 
associated with increased 

adipose tissue mass Insulin 
resistance

Delayed diagnosis

Lower Insulin secretory capacity 
and early beta cell exhaustion. Urban migration

Development of the disease at a 
young age

Lifestyle changes

Lack of awareness

Economic barriers

High cost of disease management

Pathophysiological challenges of Indian T2DM 
patients

The pathophysiology of T2DM is progressive, characterized 
by decreased insulin sensitivity, deteriorating beta cell function 
[5], and decreased incretin function [6]. Decreased insulin 
function leads to chronic hyperglycemia (during fasting and 
postprandial periods) and acute glycemic fluctuations. These 
may be associated with microvascular and macrovascular 
complications caused by excessive protein glycation and 
activation of oxidative stress [7-9].

As compared to western countries, India has a higher 
prevalence of diabetes despite having lower overweight and 
obesity rates, suggesting that diabetes may occur at a much 
lower body mass index (BMI) in Indians compared with 
Europeans [10]. Therefore, lean Indian adults with a lower 
BMI may be at equal risk as those who are obese [11]. Further, 
South Asian population has several unique characteristics like 
onset of diabetes at young age, a relatively lower BMI at the 
time of diagnosis with accompanying insulin resistance and 
reduced insulin secretory capacity. This body type is termed 
as thin-fat phenotype (thin muscle but increased body fat) and 
is associated with an increased risk of developing diabetes 
[10]. Indians develop T2DM at a younger age than the western 
populations and also develop diabetes with minor weight gain 
[12]. The development of the disease at a young age predisposes 
the patients to develop chronic long-term complications at a 
relatively young age with severe morbidity and early mortality 
in the most productive years of life [12]. Further, Indians are 

genetically predisposed to the development of coronary artery 
disease due to dyslipidaemia and low levels of high density 
lipoproteins; these determinants make Indians more prone 
to development of the complications of diabetes. Due to high 
ethnic and genetic susceptibility for the disease, Indians have 
lower threshold limits for the environmental risk factors and 
indicate that diabetes must be carefully screened and monitored 
regardless of patient’s age in India [13,14]. Under-nutrition 
during intrauterine development causes permanent changes 
in the structure and function of the developing systems of the 
fetus. This increases susceptibility to disease in later life. Asians 
mothers (especially in rural India) thought to be chronically 
undernourished because of their low BMI with iron and other 
nutrient deficiencies. One-third of Indian babies are born with 
low birth weight (LBW<2.5kg) [15]. It is thus possible that 
maternal and fetal under nutrition contribute to the diabetes 
epidemic in the Asian countries [15].

Dietary differences in India and western countries
Studies have shown that in all parts of India, T2DM patients 

consume high total and complex carbohydrate (CHO) in their 
diet when compared with dietary recommendations. An earlier 
study has shown that 64.1±8.3% (95% CI 63.27 to 64.93) of total 
calories come from CHO in the T2DM group which has a direct 
effect on postprandial blood glucose and insulin response [16]. 
This suggests that CHO consumption by T2DM patients in India 
is higher than that recommended by the guidelines [16]. This 
unique feature in Indian dietary habit makes Indians more prone 
to T2DM as compared to western countries.

Metformin monotherapy- first line drug
Metformin stands out not only for its antihyperglycemic 

properties but also for its effects beyond glycemic control such 
as improvements in endothelial dysfunction, oxidative stress, 
insulin resistance, lipid profiles and fat redistribution [17]. 
Negligible risk of hypoglycaemia when used in monotherapy and 
few drug interactions of clinical relevance give this drug a high 
safety profile and most preferred choice as first line therapy.

Current guidelines from ADA/EASD and AACE/ACE 
recommend early initiation of metformin as a first-line drug 
for monotherapy and combination therapy for patients with 
T2DM. This recommendation is based primarily on metformin’s 
glucose-lowering effects, relatively low cost, and generally low 
level of side effects, including the absence of weight gain [18]. 
The optimal second-line drug when metformin monotherapy 
fails is not clear.

Limitations of current OADs
T2DM is typically managed with rigorous medical therapy 

and a stepwise approach which includes lifestyle modifications, 
addition of oral antidiabetic drugs (OADs) and addition 
of insulin. OADs are normally introduced when lifestyle 
modifications fail to adequately controlglycemia. They are 
very useful for managing hyperglycemia, especially in the early 
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stages of disease. Insulin and other antihyperglycemic agents 
like sulfonylureas (SUs), biguanides, thiazolidinediones (TZDs) 
and incretin based therapies are the drugs routinely used in the 
treatment of T2DM.However, there are several limitations that 
prevent antihyperglycemic agents from reaching their potential 
(Table 2).
Table 2: Limitations of current anti-diabetic agents.

OAD agent Pros Cons

Metformin 
monotherapy

Lowering HbA1c by 
1.5%

Lower risk of 
hypoglycaemia

Weight neutral or 
promotes weight loss

Gastro-intestinal 
intolerance

Sulfonylureas (SUs)
Lowering HbA1c 

effectively in initial 
phases

Hypoglycaemia

Weight gain

Cardiovascular 
disease

Increased mortality

Thiazolidinediones 
(TZDs) Glycemic control

Weight gain

Fluid retention

Congestive cardiac 
failure

Increases fracture 
risk

Incretin-based 
therapies

No hypoglycaemia

Weight neutral

Safe in patients with 
chronic kidney

disease

Cost effective

Nausea, vomiting, 
diarrhoea

Injection site 
reactions and nodules

Increased risk for 
hospitalization for 

heart failure

Pancreatitis

Medullary carcinoma 
of the thyroid

insulin therapy Glycemic control

Weight gain

Hypoglycaemia

High Coefficient of 
variation of

insulin response

SGLT2 inhibitors

Weight loss

Control of BP

Low CV risk

Genital Mycotic 
infections

Urinary tract 
infections

Negative fluid balance

Elevated LDL 
cholesterol

Possible risk for 
bladder cancer

Sulfonylureas (SUs)
SUs are as effective in lowering HbA1c, but their use is 

associated with hypoglycaemia and weight gain up to 2kg [17]. 

It has also been found that though they are effective in lowering 
the blood glucose rapidly in the initial phase of therapy, this 
effect is not sustained over time. SU therapy was implicated as a 
potential cause of increased cardiovascular disease mortality in 
the University Group Diabetes Program study [17].

Thiazolidinediones (TZDs) 

TZDs, well known as insulin sensitizers, appear to have 
a more durable effect on glycemic control, particularly in 
comparison with SUs [19]. However, TZDs lead to weight gain, 
fluid retention, peripheral oedema, and a two-fold increased risk 
for congestive cardiac failure, potential for increased fracture 
risk [19].

Incretin based therapies

Glucagon-like peptide-1 receptor agonists and dipeptidyl 
peptidase-4 inhibitors offer analtered way of reducing 
hyperglycaemia by targeting the incretin system. GLP-1-
based therapies have a beneficial effect on weight, because of 
their inhibitory effect on appetite via the gut-brain axis [20]. 
However, use of GLP-1 RA is associated with dose-dependent 
gastrointestinal side effects including nausea, vomiting and 
diarrhoea, and also two potential safety issues are pancreatitis 
and medullary carcinoma of the thyroid [21]. DPP 4 inhibitors 
are less potent to reduce hyperglycaemia compared to GLP 1 RA 
and besides that they are weight neutral [21].

Insulin therapy

Insulin therapy is often accompanied by hypoglycemia and 
weight gain which have been identified by patients and health 
care providers as common concerns prior to insulin initiation. 
These are key factors responsible for patients reluctance to 
insulin intensification [22]. Interestingly, the weight gain 
associated with insulin therapy is mainly seen in patients who 
had experienced significant weight loss prior to institution of 
insulin therapy [23]. Further, traditional vial and syringe method 
of insulin administration is associated with needle stick injury, 
social stigma, lack of convenience, difficulty with accurate dosing 
and therefore decreased adherence to the prescribed insulin 
regimen. New insulin analogs are effective in reducing HbA1c 
levels with a lower risk of overall and nocturnal hypoglycemia 
compared with conventional insulins [24]. They have also been 
shown to induce less weight gain than either NPH or insulin 
glargine [24].

Of immense therapeutic importance, intra subject coefficient 
of variation of insulin response has been shown to be 20-40%, 
20% for human regular and rapid acting analogues and 40% for 
Neutral Protamine Hagedorn (NPH) and glargine insulin. All the 
above pharmacological drugs focus on reducing hyperglycemia 
and improving insulin sensitivity. These drugs target the primary 
defects associated with T2DM. However, despite the wide choice 
of treatment options available, glycemic control declines over 
time and eventually combination of other antihyperglycemic 
agents is required [25]. 
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Sodium-glucose co-transporter 2 (SGLT2) inhibitors: 
novel therapy independent of Insulin

SGLT2 inhibitors are a new class of oral antidiabetic 
drugs, which reduce hyperglycemia by increasing urinary 
glucose excretion independent of insulin action [26]. SGLT2, 
located in the renal proximal tubule, reabsorbs90% of the 
filtered glucose [27] and its inhibition represents a new form 
of pharmacotherapy for the treatment of type 2 diabetes. The 
mechanism of action of SGLT2 inhibitors is unique and does 
not depend upon beta-cell function or tissue insulin sensitivity 
[26]. Through SGLT2 inhibition, reabsorption of tubular glucose 
is reduced and urinary glucose excretion increased [27] SGLT2 
inhibitor induced glucose excretion is proportional to the 
amount of glucose filtered by the kidneys, which is a function 
of the glomerular filtration rate (GFR) and plasma glucose 
concentration [28]. Increased plasma glucose concentration (as 
observed in DM) leads to increased glucose filtration (dependent 
on the GFR) and may allow greater excretion of glucose with 
SGLT2 inhibition. The effect of SGLT2 inhibitors diminishes as 
patients plasma glucose concentrations decrease, the intrinsic 
risk of hypoglycemia with this drug class is low [28]. 

Dapagliflozin
Dapagliflozin, a potent and selective SGLT2 inhibitor, has 

been shown to improve glycemic control in patients with type 2 
diabetes when used as monotherapy [29-31] or in combination 
with metformin [32,33], sulfonylureas [34-36], thiazolidinedione 
[37], DPP4 inhibitors [38], or insulin [39].

Glycemic efficacy 
Multiple trials have examined the efficacy of dapagliflozin 

versus placebo in lowering the HbA1c in drug-naive T2DM 
individuals. In a 24-week multicenter study [31], decrease in 
dapagliflozin treated subjects HbA1c was 0.5-0.6% (from a 
baseline HbA1c of 7.8-8.0%) and FPG decrease by ~25mg/dl 
(from a baseline FPG of 160mg/dl). In a subgroup of subjects 
with baseline HbA1c of 10.1-12.0%, dapagliflozin (5 and 10mg/
day) reduced the HbA1c by 2.88 and 2.66%, respectively. In 
another 24-week study [29,30], Dapagliflozin lowered the HbA1c 
by 0.7-0.8% from a baseline HbA1c of 7.8-8.1%. The efficacy 
of dapagliflozin in lowering the plasma glucose concentration 
as add-on therapy has been examined in poorly controlled 
T2DM treated with metformin, sulfonylureas and pioglitazone. 
Dapagliflozin effectively reduced the HbA1c in poorly controlled 
diabetic individuals independent of the background therapy. 
In a 24-week study [32], metformin-treated individuals with 
HbA1c 7-10% were randomized to receive different doses of 
dapagliflozin or placebo. The placebo-subtracted reduction 
in HbA1c at 24 weeks was -0.37 to -0.54%. Dapagliflozin also 
produced a dose-dependent decrease in FPG. 71% of subjects in 
this study participated in a 102-week extension study and the 
decrease in HbA1c was maintained at 102 weeks [33]. 

As add-on therapy, dapagliflozin has been shown to have 
similar potency to sulfonylureas in lowering the HbA1c in poorly 

controlled metformin-treated diabetic subjects. In a 52-week 
head-to-head study [34], meformin-treated subjects (HbA1c 
>6.5%) were randomized to receive dapagliflozin or glipizide. 
After an 8-week lead in period, dapagliflozin and glipizide were 
up-titrated over 18 weeks to 10 and 20 mg, respectively. The 
decrease in HbA1c at 52 weeks was identical in both groups 
(0.52%) [34], and the decrease in HbA1c in dapagliflozin-treated 
subjects was maintained at 102 weeks [35]. In a 24-week study 
[36], sulfonylurea treated subjects with poor glycemic control 
(HbA1c 7-10%) were randomized to receive different doses 
of dapagliflozin or placebo. The placebo-subtracted decrease 
in HbA1c was -0.44 to -0.68%, respectively. Dapagliflozin (5 
and 10mg) has also been examined in a 24-week study [37] in 
poorly controlled (mean HbA1c 8.4%), pioglitazone-treated 
T2DM subjects. The placebo-subtracted decrease in HbA1c 
was -0.40 and -0.55%, respectively, and the decrease in HbA1c 
was maintained at 48 weeks. Dapagliflozin equally reduced the 
fasting and the postprandial plasma glucose concentration by ~ 
25mg/dl. 

In a larger study (n =800), [39] the addition of dapagliflozin 
(2.5, 5 and 10mg/day) to insulin-treated T2DM individuals 
(receiving ~70-80 units/day for a mean of ~6 years) caused a 
dose-dependent decrease in HbA1c (-0.40, -0.49 and -0.57%, 
respectively) compared with placebo over 24 weeks and the 
decrease in HbA1c was maintained at 48 weeks [39].

Other factors which play important role in the 
pathophysiology of T2DM were also improved by dapagliflozin 
alone or in combination with other diabetic drugs. Hypertension 
and albuminuria are risk factors for cardiovascular (CV) and 
renal disease in patients with T2DM [40]. Control of glycemia, 
blood pressure (BP) and albuminuria are critical for reducing CV 
and renal risk. Dapagliflozin reduces HbA1c and BP in patients 
with T2DM and also reduces urinaryalbumin:creatinine ratio 
in T2DM patients with hypertension using rennin angiotensin 
system blockade without increasing any renal AEs [40]. Further, 
dapagliflozin improved glycemia in T2D patients with CVD, 
and improved insulin sensitivity in patients with T2D for up 
to 52 weeks. [41] Dapagliflozin alone and in combination with 
saxagliptin was shown to improve ß cell function and increased 
insulin clearance [42].

Non-glycemic benefits of dapagliflozin

In addition to the beneficial effects related to improved 
glycemic control, dapagliflozin exerts additional non-glycemic 
benefits in T2DM patients that make the drug desirable as 
monotherapy and as combination therapy.

Weight loss

The urinary loss of 60-80g of glucose per day equates to a 
negative energy balance of 240 - 320 cal/day or an equivalent 
body weight of 2-3pounds/month if this caloric deficit is not 
offset by an increase in caloric intake. Consistent with this, 
weight loss was observed in diabetic subjects treated with 
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dapagliflozin at all doses and at all stages of the disease [43]. 
Reduction in body weight was 2.26kg to 5.43kg as monotherapy 
[44], second add on therapy or add on to Insulin [44]. The weight 
loss primarily was due to a decrease in fat mass which is 2/3rd 
[44] while lean tissue mass reduction was 1/3rd as measured 
by dual-energy X-ray absorptiometry (DXA). Reduction in waist 
circumference was 2.5cm [44]. 

Blood pressure

A consistent finding in all dapagliflozin studies has been a 
reduction in systolic/diastolic blood pressure of 4-5/2-3mmHg 
respectively [45]. This has been attributed to the diuretic effect 
that occurs during the initial days of dapagliflozin treatment 
[46]. Since uric acid and sodium reabsorption in the proximal 
tubule are coupled, decrease in serum uric acid concentration 
consistently has been observed in diabetic patients treated with 
dapagliflozin [47].

Safety profile of dapagliflozin

A major safety concern for anti-diabetic agents is the 
potential for patients to develop hypoglycaemia. Indeed, thus 
far, clinical trials have revealed virtually no instances of major 
hypoglycemic events, despite some increased risk of mild or 
moderate hypoglycemic events, which mostly occurred when 
they are superimposed with the background SU and Insulin 
therapy [34,39]. Clinical trials have consistently shown the early 
SGLT2 inhibitor dapagliflozin to be a safe agent for diabetic 
patients. Following an initial safety trial in healthy subjects 
showing that dapagliflozin was safe and well tolerated and 
did not induce hypoglycemia or produce any other adverse 
events [47], its safety was examined in type 2 diabetic patients, 
confirming that multiple oral doses of dapagliflozin rarely 
caused major hypoglycemia or other adverse events [29]. 

An increased incidence of mycotic vulvo-vaginal infections 
in women and mycotic balanitis in males has been observed. 
Rates of balanitis in men are several-fold less than rates of vulvo-
vaginitis in women, and both infections are easily resolved by 
standard therapies [29]. SGLT2 inhibitors also possess a diuretic 
effect, hence symptoms related to volume depletion may occur 
[48]. Consequently, these agents should be used cautiously 
in elderly, any patient already on a diuretic, and patient with 
tenuous intravascular volume status. 

Studies with dapagliflozin have demonstrated that 
treatment with an SGLT2 inhibitor has no deleterious effect on 
renal function [49]. Moreover, because the majority of drug’s 
clearance is by the liver, no dose adjustment is necessary in 
patients with renal impairment [49]. Because of its mechanism 
of action, the efficacy of dapagliflozin to reduce plasma glucose 
concentrations is highly dependent on the level of renal function. 
As the GFR declines, there is a decrease in the filtered glucose 
load and a progressive decrease in the glucose lowering ability 
of the drug. Thus dapagliflozin is not recommended if eGFR is 
<45 mi/min/1.73m2 [48]. 

It is possible that SGLT2 inhibitor therapy may prevent 
diabetic nephropathy. Enhanced sodium-glucose reabsorption in 
the proximal tubule has been shown to play an important role in 
the development of diabetic nephropathy [49]. SGLT2 inhibitors 
may prevent diabetic nephropathy not only by reducing the 
plasma glucose concentration but also by increasing sodium 
delivery to the distal nephron, thereby inhibiting the glomerulo-
tubular feedback reflex [49]. Type 2 diabetes is a major risk 
factor for cardiovascular (CV) disease, and the presence of 
both Type 2 diabetes and cardiovascular disease increases 
the risk of death [50]. There is concern that intensive glucose 
lowering or the use of specific glucose-lowering drugs may be 
associated with adverse cardiovascular outcomes. Therefore, it 
is necessary to establish the cardiovascular safety benefits of 
glucose-lowering agents [51]. Since the mode of action of SGLT2 
inhibitors is independent of insulin secretion; these agents are 
associated with a low risk of hypoglycemia, which has been 
linked to increased CV events. In addition, the drug has been 
demonstrated to ameliorate a variety of CV risk factors and 
potential pathways as described in Figure 1 [52]. Dapagliflozin 
has an acceptable CV profile. Meta-analyses have been performed 
analyzing the cardiovascular safety of dapagliflozin [53].

Figure 1: Potential mechanisms of CV risk reduction with SGLT 
2 Inhibitors [51].

Meta-analysis did not show an increased CV risk for 
dapagliflozin-treated patients, with no evidence for an increased 
risk of major CV events and with hazard ratios <1 consistently 
across various composite CV endpoints and across different 
subgroups [53]. Also, EMPA-REG study with Empagliflozin, 
another SGLT2, showed that T2DM patients with high risk for 
cardiovascular events who received empagliflozin, as compared 
with placebo, had a lower rate of the primary composite 
cardiovascular outcome and of death from any cause when the 
study drug was added to standard care [54]. In CVD REAL, A 
large multinational study, treatment with SGLT-2i versus oGLDs 
was associated with a lower risk of HHF and death, suggesting 
that the benefits seen with empagliflozin in a randomized trial 
may be a class effect applicable to a broad population of T2D 
patients in real-world practice [55]. In CVD REAL Nordic study 
a total of 40,908 patients with T2D were identified as new users 
of dapagliflozin (n=10227) ora DPP 4 inhibitor (n=30681). 
Dapagliflozin was associated with a lower risk of MACE, HHF and 
all-cause mortality compared with DPP-4 inhibitors: HRs 0.79 
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(95%confi-dence interval [CI] 0.67-0.94), 0.62(95% CI 0.50-
0.77), and 0.59(95% CI 0.49-0.72), respectively [56].

Recently, the U.S. Food and Drug Administration (FDA) issued 
a Drug Safety Communication that warns of an increased risk of 
diabetic ketoacidosis (DKA) with surprisingly mild to moderate 
glucose elevations (euglycemic DKA [euDKA]) associated with 
the use of all the approved sodium-glucose cotransporter 2 
(SGLT2) inhibitors [57]. In the randomized controlled T2D study 
program, more than 18,000 patients exposed to dapagliflozin and 
the frequency of reported events suggestive of DKA (blinded and 
unblinded events) was less than 0.1% [56]. Similarly in DECLARE 
study 17,150 patients randomized todapagliflozin or placebo, 
the total number of reported blinded events of potential DKAs 
is less than 0.1% [58]. In a retrospective analysis of randomized 
phase 2 and 3 empagliflozin trials (13,000 T2D participants), 
there were eight events consistent with DKA with no imbalance 
observed between patients treated with empagliflozin 10mg 
(two events), empagliflozin 25mg (one event), and placebo 
(five events) [59]. The canagliflozin (another SGLT2 inhibitor) 
data reported by Erondu et al. [60] appeared to have a greater 
incidence of DKA, but 6 out of the 12 cases had evidence of latent 
autoimmune diabetes in adults or T1D or tested positive for 
GAD65 antibodies. Thus the evidence so far suggests that the risk 
of euDKA (and not simple ketosis) in T2DM related to the use of 
SGLT2 inhibitors will probably turn out to be very low with an 
acceptable frequency. Still, physicians and patients need to be 
made aware that such risk may be increased in long-standing 
T2DM patients with marked beta-cell insufficiency or in latent 
autoimmune diabetes. This potential complication related to 
SGLT2 inhibition is predictable, detectable, and preventable so 
that the balance of benefits and risks favors the use of SGLT2 
inhibitors in the T2DM population [58]. 

SGLT 2 inhibitors added on to metformin

Numerous preclinical and clinical studies indicate that 
SGLT2 inhibitors are efficacious but still they may not be the 
first choice for T2DM therapy. Currently, the standard first line 
therapy is metformin, due to its low cost and favourable safety 
profile. SGLT2 inhibitors could quickly become a second-line 
therapy, and may possibly replace metformin as the first-line 
therapy in the future [61]. SGLT2 inhibitors may be a particularly 
good choice for T2DM patients who do not achieve adequate 
glycaemic control with metformin or other anti-diabetic drugs. 
In two clinical studies, dapagliflozin as an add-on to metformin 
decreased HbA1c levels significantly without any serious 
adverse effects [32].

International guidelines for T2DM 

ADA guidelines recommend weight loss for all overweight 
or obese individuals who have /are at risk for diabetes. Weight 
reduction is especially important in Asians who have lower 
cut-offs for overweight and obesity and hence are highly 
predisposed to development of diabetes and worsening of 
diabetes [59]. Shantha et al. [60], in 2012 demonstrated that 

intentional weight loss of 10% in obese individuals with T2DM 
could potentially decrease percentage HbA1c by 0.81%. WHO 
recommends lowered cut-off points for overweight/obesity for 
Asians in the Asia Pacific region (overweight: BMI =23 kg/m² in 
comparison with 25kg/m² for western populations) [10].

The major change in treatment options since the publication 
of the 2012 position statement has been the availability of a 
new class of glucose-lowering drugs, the sodium-glucose co-
transporter 2 (SGLT2) inhibitors. These agents reduce HbA1c 
by 0.5-1.0% (5.5-11mmol/mol) versus placebo [61]. When 
compared with most standard anti-diabetic agents in head-
to-head trials, they appear to be roughly similarly efficacious 
with regard to initial HbA1c lowering [62]. Additional potential 
advantages include modest weight loss and consistent lowering 
of systolic and diastolic blood pressure along with reductions in 
plasma uric acid levels and albuminuria [63]. Current treatment 
guidelines approved SGLT2 inhibitors as monotherapy, they 
are mainly used in combination with metformin and/or other 
agents. Given their demonstrated efficacy and clinical experience 
to date, they are reasonable options as second-line or third-line 
agents [61].

All major organizations (American Diabetes Association 
(ADA)/European Association for the Study of Diabetes (EASD)/
American Association of Clinical Endocrinologists (AACE)) 
recommend metformin as first-line therapy in individuals with 
new-onset diabetes and also recommend as a combination 
therapy with other anti-diabetic agent in case of disease 
progression. Dapagliflozin is an effective novel strategy to reduce 
the plasma glucose concentration in type 2 diabetic subjects. 
The drug’s unique mechanism of action, which is independent 
of insulin sensitivity and beta cell function, allows the use of 
dapagliflozin in combination with all other antidiabetic agents 
and at all stages of the disease. However, because metformin 
does not improve beta cell function, metformin-treated 
individuals experience a progressive increase in HbA1c after 
the first year of therapy. Dapagliflozin can provide an effective 
therapeutic option in metformin-failing diabetic individuals. 
An increase in the plasma glucagon-like peptide-1 (GLP-1) 
concentration has been observed in some clinical studies 
following initiation of dapagliflozin therapy. This observation 
makes the double combination of dapagliflozin plus a dipeptidyl 
peptidase IV (DPP-IV) inhibitor an attractive therapeutic option 
in metformin-failing individuals. In newly diagnosed T2DM 
individuals with a very high HbA1c (e.g., >9.0%), metformin 
alone will not lower the HbA1c to the treatment goal (<7.0%). 
Dapagliflozin plus metformin have an additive effect to lower 
the HbA1c. Dapagliflozin monotherapy produces a profound 
decrease in HbA1c in patients with a high initial HbA1c (>9.0%). 
The combination of dapagliflozin plus metformin is an attractive 
therapeutic option in newly diagnosed diabetic individuals 
with a high initial HbA1c. Dapagliflozin can provide an effective 
therapeutic option in metformin-failing diabetic individuals. 
Metformin cannot be started in about 10- 20% of subjects with 
new-onset diabetes due to either gastrointestinal (GI) side effects 
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or due to renal failure. Thus, dapagliflozin, as monotherapy or 
in combination with a DPP-IV inhibitor, can provide an effective 
initial therapy in metformin-intolerant individuals. Because 
dapagliflozin is effective in lowering the HbA1c at all stages of 
diabetes, it can be added in subjects who fail on multiple oral 
agent therapy or in insulin-treated individuals who do not 
reach the target glycemic control. Progressive beta-cell failure 
is the principle factor responsible for the progression of T2DM. 
Thus, preservation of β-cell function can be expected to produce 
a durable reduction in HbA1c. More data will be required 
before making definitive conclusions about the durability of 
dapagliflozin. To the extent that glucotoxicity contributes to the 
decline in beta-cell function in subjects with impaired glucose 
tolerance (IGT) or impaired fasting glucose (IFG), these drugs 
also may prove useful in the treatment of ‘prediabetes’. Lastly, 
unlike most currently available antidiabetic agents, SGLT 2 
inhibitors promote weight loss and reduces blood pressure 
which would be expected to have potential cardiovascular 
benefit [64,65].

Conclusion
The pathogenesis of type 2 diabetes involves numerous 

defects and no single anti-diabetic agent can correct all these 
metabolic disturbances. An effective anti-diabetic therapy will 
require multiple drugs used in combination. Based on expert 
commentsinhibition of SGLT2 represents a highly promising 
therapeutic approach for T2DM treatment. With a unique 
mechanism of action-increased urinary glucose excretion-
the SGLT2 inhibitors can be used as monotherapy as well as 
in combination with currently available anti-diabetic agents. 
Their distinct, targeted mechanism of action makes SGLT2 
inhibitors good candidates for combination therapies with 
other anti-diabetic agents as well as insulin. Moreover, due to 
their high potential to control hyperglycemia, effect on visceral 
fat and improvement in insulin sensitivity, SGLT2 inhibitors 
are expected to have protective effects against micro and 
macrovascular complications. With these properties, the SGLT2 
inhibitors have potential for use throughout the continuum of 
diabetes treatment in Indian populationas Indian patient’s 
needs are unique due to environmental, social and genetic 
facts. Considering International glycemic control guidelines, 
mechanism of action, substantial improvements with respect 
to glycemic and extragycemic parameters and safety profile 
associated with Dapagliflozin, it could be excellent choice for 
managing T2DM after metformin in Indian patients.
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