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Abstract 

Background: Practice guidelines are open regarding choice of therapy after metformin. The second line agent’s insulin 

(INS), sulphonylureas (SU) and thiazolidinediones (TZD) may cause either hypoglycaemia or weight gain. Dipeptidyl 

peptidase‐IV (DPP-4) inhibitors are unlikely to produce that. Sodium‐glucose transporter‐2 (SGLT -2) inhibitors are 

newer agents with the advantage of weight loss. Indian data regarding combination therapy with Metformin withDPP-4 

inhibitors plus SGLT-2 inhibitors arescanty; hence this study is relevant .Moreover the number of patients studied, 

duration of study, study variables and effects of three SGLT-2inhibitors were analyzed separately. 

Objectives: To study the glycaemic and other metabolic parameters after treatment with SGLT‐2 inhibitors-canagliflozin 

or, dapagliflozin, or, empagliflozin in type 2 Diabetes (T2DM) patient inadequately controlled (HbA1c >7.5%) with DPP-4 

inhibitors plus metformin. 

Methodology: Data of 101 T2DM patients inadequately controlled (HbA1c> 7.5%) with DPP-4 inhibitors plus metformin 

who were prescribed canagliflozin 100 mg or, dapagliflozin 5 or 10 mg, or empagliflozin 10 mg or 25 mg once daily with 

mean follow‐up duration of 23 weeks were analyzed. Subjects receiving INS, SU and TZD were excluded from analysis. 

Changes in weight, blood pressure, glycaemia, lipids, renal and hepatic parameters were studied. Subgroup analyses were 

done to see effects of three SGLT‐2 inhibitors. 

Results: Results showed that addition of SGLT-2 inhibitors produced favourable effects on all metabolic parameters 

studied. 
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Conclusion: Our study shows that addition of SGLT2 inhibitors on existing therapy with DPP-4 inhibitors and metformin 

produces favourable effects on metabolic parameters with the advantage of weight loss and without producing major 

hypoglycaemic events. 
 

Keywords: SGLT-2 inhibitors; DPP-4 inhibitors; Metformin; T2DM 

 
Abbreviations: INS: Insulin; SU: Sulphonylureas; TZD: 
Thiazolidinediones;  SGLT-2: Sodium‐Glucose 
Transporter‐2; T2DM: Type 2 Diabetes. 
 

Introduction 

It has been seen that modest and sustained weight loss 
improves glycaemic control and reduces the need for 
glucose-lowering medications in overweight and obese 
patients with T2DM [1-3]. Because the pathogenesis of 
T2DM is complex and involves multiple metabolic defects, 
the use of combination therapy with antidiabetic drugs 
with different mechanisms of action has the advantage of 
combining complementary mechanisms and has the 
potential of producing an additive reduction in HbA1c [4]. 

 

DPP-4 inhibitors and SGLT-2 inhibitors exert their 
glucose-lowering effects via different and complementary 
mechanisms. DPP-4 inhibitors prevent the enzymatic 
degradation of endogenous incretin hormones (active 
glucagon-like peptide [GLP]-1 and glucose-dependent 
insulinotropic polypeptide [GIP]) [5,6]. Increased plasma 
concentrations of GLP-1 and GIP stimulate insulin 
secretion from pancreatic β-cells and inhibit glucagon 
secretion from pancreatic α-cells, which causes inhibition 
of endogenous glucose production and a reduction in 
plasma glucose concentration [7]. SGLT-2 inhibitors 
reduce the plasma glucose concentration by inhibiting 
renal glucose reabsorption and producing glucosuria [8]. 
Metformin and SGLT2 inhibitors are agents associated 
with weight loss whereas DPP4 inhibitors appear to be 
weight neutral. When one single pharmacological class 
does not reach HbA1c target as monotherapy or even 
when added to metformin, a combination of a DPP-4 
inhibitors and a SGLT-2 inhibitors could be helpful with a 
low risk of adverse events, such as hypoglycaemia or 
weight gain and the potential advantage of cardiovascular 
protection [9-11]. 

 

However Indian data regarding combination therapy 
with metformin withDPP‐4 inhibitors plus SGLT‐2 
inhibitors are scanty. In this study we present data 

regarding the glycaemic and other metabolic parameters 
after treatment with SGLT‐2 inhibitors-canagliflozin or 
dapagliflozin or empagliflozin in type 2 DM patient 
inadequately controlled (HbA1c >7.5%) with DPP‐4 
inhibitors plus metformin. 
 

Methods 

Methodology 

This was a retrospective, real world observational 
study to evaluate the efficacy and safety of SGLT-2 
inhibitors in T2DM patients who were inadequately 
controlled with (HbA1c >7.5%) DPP-4 inhibitors and 
metformin. All patients were taking SGLT-2 inhibitors for 
a period of at least 24 weeks. The study period was from 
July 2016 to June 2018. 
 

Protocol Characteristics 

The included study patients were non-pregnant T2DM 
who were receiving SGLT-2 inhibitors over and above 
DPP-4inhibitors plus metformin for a period of at least 24 
weeks at the time of recording their data. We excluded all 
patients with type 1 Diabetes or diabetic ketoacidosis, 
alcohol or drug dependence, recent or multiple 
hospitalization for reasons other than hyper glycaemia 
within past six months, nursing women, history of urinary 
tract or other systemic infections, haematuria, 
decompensated heart failure, liver failure, debilitating 
illness that may adversely affect renal function or on 
drugs that may adversely affect renal function. 

 
Patients, who were not optimally controlled onDPP-

4inhibitors plus metformin, received SGLT-2 inhibitors as 
standard of care. Patients not optimally controlled were 
defined as either having one or more of the following: 
fasting plasma glucose (FPG) > 150 mg/dL, post prandial 
plasma glucose (PPPG) > 200 mg/dL, HbA1c>7.5% 
despite receiving optimal dose of two oral antidiabetic 
drugs (OADs). All Patients received treatment as per 
routine standard of care without any experimentation on 
any patient.  
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Data Collection 

Data of all patients fulfilling the inclusion and 
exclusion criteria was retrospectively collected from our 
medical case records. Data included all patients’ 
demographic records with respect to age, gender, body 
weight, blood pressure (BP), and duration of diabetes. 
Data was collected of the day of starting SGLT-2 inhibitors 
and at least 20 weeks after starting SGLT-2 inhibitors. All 
laboratory investigations data for HbA1c, FPG, PPPG, 
serum creatinine (Cr), effective glomerular filtration 
rate(eGFR), urinary albumin creatinine ratio (UACR), 
sodium (Na) and potassium (K), were also recorded of the 
day of starting SGLT-2 inhibitors and at least 20 weeks 
after SGLT-2 inhibitors. Plasma glucose was measured by 
hexokinase method and HbA1c was measured by high 
performance liquid chromatographic (HPLC) method 
(Bio-RAD D-10, Bio-RAD, and Hercules, CA, USA) in our 
hospitals. Only those patients were considered for final 
evaluation who had both baseline and post-treatment 
values of the study parameters. In this study 101 T2DM 
patients who were inadequately controlled with DPP-
4inhibitors plus metformin were prescribed canagliflozin 
(100 mg) or dapagliflozin(5 /10 mg), or empagliflozin(10 

mg/25 mg) once daily. After a mean follow-up duration of 
23 weeks changes in weight, blood pressure, glycaemia, 
lipids, renal and hepatic parameters were studied. 
Subgroup analyses were done to see effects of three SGLT-
2 inhibitors. Subjects receiving INS, SU and TZD were 
excluded from analysis. P<0.05 considered as statistically 
significant, p computed by paired t‐test. 
 

Results 

Table 1 shows the baseline characteristics of the study 
subjects (n=101). The mean age of the patient was 47.76 
years, mean height 162 meters, mean weight and body 
mass index (BMI) 81.48 kgs and 30.72kg/m2 respectively. 
The mean systolic and diastolic blood pressures (SBP and 
DBP) were 131.21 and 79.5 mm of mercury. Mean FBG 
and PPBG level were 155.55 and 220.33 mg/dl 
respectively and HbA1c was maintained at 8.17. Obesity 
was the commonest comorbidity (72.27%) among the 
study group followed by dyslipidaemia (70.29%), 
hypertension (63.36%), micro-albuminuria (22.77%), 
hypothyroidism (20.79%), coronary heart disease 
(12.87%), fatty liver (11.88%), nephropathy (1.98%). 

 
Parameter Mean Std. Dev. Median 
Age, years 47.76 11.08 47 
Height, m 1.62 0.1 1.64 
Weight, kg 81.48 14.61 80 
BMI, kg/m2 30.72 4.91 30.33 
SBP, mmHg 131.21 14.95 130 
DBP, mmHg 79.5 8.39 80 
FPG, mg/dL 155.55 47.8 150 

PPPG, mg/dL 220.33 78.16 196.5 
HbA1c,% 8.17 1.74 7.7 
ALT,U/L 41.19 19.21 42 
AST, U/L 40.46 31.37 30 

CHOLESTEROL, mg/dL 140.47 37.55 135 
TG, mg/dL 147.58 73.54 130 

HDL, mg/dL 39.1 9.31 39 
LDL, mg/dL 80.6 29.48 76 

NON-HDL, mg/dL 89.99 48.08 90.5 
Creatinine, mg/dL 0.9 0.21 0.9 
Duration, weeks 22.46 14.38 16.5 

TG/HDL1 4.07 2.64 3.36 
ACR 37.53 89.37 12.9 

Met dose, grams/day 1441.54 505.79 1000 
 

Co-morbidities No. of subjects % 
HTN 64 63.36 

Micro-albuminuria 23 22.77 
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Nephropathy 2 1.98 
CHD 13 12.87 

Fatty Liver 12 11.88 
Dyslipidemia 71 70.29 

Overweight/Obesity 73 72.27 
Statin Usage 64 63.36 

Hypothyroidism 21 20.79 

Table 1: Baseline Characteristic Features of the Overall Study Subjects, N=101. 
 

Table 2 shows changes in various parameters like 
weight, BMI, SBP and DBP, FBG and PPBG, HbA1c, 
cholesterol, HDL, LDL, non-HDL, triglyceride, serum 
creatinine in the study group after treatment with DPP-
4Inhibitors+ SGLT‐2 Inhibitors+Metformin. The mean 
follow up period was 22.46 weeks. Addition of SGLT‐2 

inhibitors produced favourable effects on all metabolic 
parameters studied whereas statistically significant 
reductions were observed in weight (<0.0001), BMI 
(0.0002), SBP (0.0035) and DBP (0.029), FBG (<0.0001) 
and PPBG (<0.0001) and HbA1c (<0.0001). 

 

Study Parameters 
Baseline Follow-up 

p 
Mean SD Median Mean SD Median 

Weight, kg 81.55 14.33 80.3 78.88 14.66 76 <0.0001 
BMI, kg/m2 30.85 4.84 30.33 27.73 9.19 29.13 0.0002 
SBP, mmHg 130.85 15.01 130 124.44 17.59 127 0.0015 
DBP, mmHg 79.43 8.54 80 77.21 8.65 79.5 0.029 
FPG, mg/dL 154.25 48.11 147 123.15 26.4 122 <0.0001 

PPPG, mg/dL 218.29 68.05 196 176.6 54.58 165 <0.0001 
HbA1c,% 8.09 1.68 7.65 7.33 1.6 7 <0.0001 

Cholesterol, mg/dL 140.82 37.5 135 135.77 32.44 131 0.23 
HDL, mg/dL 38.97 9.31 39 39.04 9.3 39 0.61 
LDL, mg/dL 81.04 29.5 76.5 76.81 29.27 72 0.25 

Non-HDL, mg/dL 89.82 48.76 90.5 80.31 48.42 86 0.042 
Creatinine, mg/dL 0.9 0.21 0.9 0.89 0.24 0.9 0.71 
TG/HDL, mg/dL 4.08 2.68 3.32 3.87 2.57 3.19 0.35 

P<0.05 considered as statistically significant, p computed by paired t-test. 
 

Study Parameters 
Baseline Follow-up  

p IQ Range Median Range Lower Quartile Median Range 
ALT 26 - 54 43 Oct-89 23.5 - 44 28.5 8.4 - 71 0.012 
AST 23.1 - 46 30 17 - 130 26 - 46 37 16 - 130 0.75 
TG 95 - 173 128.5 26 - 418 91 - 163 120 54 - 316 0.202 

ACR 8.4 - 28.5 12.9 0.6 - 574 Aug-23 13 2.97 - 199 0.22 

P<0.05 considered as statistically significant, p computed by Signed rank test. 
Table 2: Change in Parameters in the Study Subjects after treatment with DPP-IV Inhibitors+ SGLT-2 Inhibitors + 
Metformin, N=101. 
 

Table 3 shows subgroup analysis regarding changes in 
various parameters among three SGLT-2 inhibitors 
canagliflozin, dapagliflozin and empagliflozin treated 
groups, comparing the baseline value with value after 
follow-up. Canagliflozin showed significant reduction in 
BMI (p=0.004), FBG (p=0.027) and PPBG (p=0. 021) at 

follow up. Whereas in dapagliflozin treated group in 
addition to changes in BMI (p=0.0081), FBG (p=0.0003) 
and PPBG (p=0. 0017), there were significant changes in 
ALT (p=0. 0123). Empagliflozin showed significant 
reduction in SBP and DBP (p=0.0002 and 0.049 
respectively) as well as in BMI (p=0.049), and FBG 
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(p=0.0024) but no such changes were noted in PPBG values. 
 

Parameter 
Canagliflozin (n=30) Dapagliflozin (n=40) Empagliflozin (n=31) 

Baseline 
Mean±SD 

Follow-up 
Mean±SD 

P 
value 

Baseline 
Mean±SD 

Follow-up 
Mean±SD 

P value 
Baseline 
Mean±SD 

Follow-up 
Mean±SD 

P value 

BMI, kg/m2 30.62±4.62 28.42±6.95 0.004 30.09±4.88 26.84±10.24 0.0081 31.62±5.33 28.03±9.57 0.049 

SBP, mmHg 131.83±4.62 124.34±14.32 0.37 128.64±16.82 123.67±22.33 0.2549 133.23±13.23 125.06±12.83 0.0002 

DBP, mmHg 79.27±7.77 76.41±8.04 0.5 78.72±7.02 77.38±9.30 0.5297 80.55±10.52 77.52±8.28 0.049 

FPG, mg/dL 165.33±47.90 127.96±26.98 0.027 150.9±45.99 121.11±30.42 0.0003 151.84±50.80 123.19±21.27 0.0024 

PPPG, mg/dL 222.3±81.85 173.27±58.65 0.021 231.62±80.88 176.24±61.49 0.0017 203.88±70.46 186.47±46.94 0.3 

ALT,U/L 38.57±21.76 33.56±16.43 0.17 42.16±17.56 30.9±11.72 0.0123 40.6±20.04 33.13±17.23 0.4548 
CHOLESTEROL, 

mg/dL 
150.77±39.16 138.88±27.82 0.74 141.16±31.60 139.09±34.33 0.9849 132.09±40.70 129.05±33.55 0.4089 

TG, mg/dL 149±79.03 129.17±57.28 0.57 144.63±76.45 132.78±43.44 0.3244 148.77±68.55 143.88±64.98 0.2231 

HDL, mg/dL 40.15±8.91 38.57±7.91 0.78 39.03±7.14 39.81±9.48 0.5444 38.41±11.83 38.81±10.22 0.3723 

LDL, mg/dL 87.62±31.68 80.87±25.40 0.78 83.34±27.99 79.39±34.06 0.6436 72.54±27.26 70.6±25.26 0.6232 

NON-HDL, mg/dL 99.17±49.98 84.34±47.77 0.51 84.08±49.20 78.71±51.71 0.4831 88.87±46.26 79.5±44.90 0.0781 

Creatinine, mg/dL 0.84±0.25 0.84±0.29 0.47 0.91±0.19 0.91±0.22 0.59 0.95±0.18 0.92±0.21 0.4215 

Urine ACR (mg/g) 18.41±26.87 18.42±19.59 0.91 33.71±47.82 36.88±52.87 0.91 57.15±143.56 29.48±56.39 0.2387 

Duration,  weeks 
 

22±12.21 
  

25.73±15.66 
  

19.9±9.84 
 

% of patients with 
HbA1c <7%  

46.67 
  

45 
  

45.16 
 

Table 3: Changes in Parameters after treatment with SGLT2 inhibitors. 
 
Figure 1 shows the changes in HbA1c in the study 

group after treatment with the three SGLT-2inhibitors.In 
canagliflozin and dapagliflozin treated groups there was a 

significant reduction in HbA1c values (p=0. 008 and 
p=0.0005 respectively) but empagliflozin failed to show 
statistically significant changes (p=0.65). 

 
 

 

Figure 1: Changes in HbA1c after treatment with SGLT-2 Inhibitors. 
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Figure 2 shows the changes in weight in the study 
group after treatment with SGLT-2inhibitors.When the 
baseline mean body weights were compared to the mean 
body weight at follow up all the three SGLT-2 inhibitors 

showed significant reduction in body weight-canagliflozin 
(p=0.007), dapagliflozin (p=0.002) and empagliflozin 
(p<0. 0001). 

 

 

 

Figure 2: Changes in Weight after treatment with SGLT-2 Inhibitors. 
 
 

Discussion 

T2DM is a multifactorial, multi-organ, and progressive 
disease, during which glucose control worsens due to the 
deterioration of pancreatic β-cell function and increasing 
insulin resistance [12]. In practice, this inevitably requires 
the intensification of glucose-lowering drug therapy and 
the use of dual or even triple therapy in the effort to 
achieve and maintain glucose control [13]. However, 
many patients with T2DM failing to achieve their glucose 
targets do not receive intensification of glucose-lowering 
therapy in a timely manner [14]. Delays of ~1–3 years 
was reported for patients with HbA1c ≥7.5% to receive 
additional glucose-lowering medication [15,16]. A recent 
retrospective cohort study based on patients with T2DM 
(N=105,477) reported that 22% of newly diagnosed 
patients had poor glucose control over 2 years and 26% 
did not receive treatment intensification. This study 
further concluded that delaying treatment intensification 
by 1 year in conjunction with poor glucose control 
significantly increased the risk of cardiovascular events 
[17]. 

 
There are many choices for therapy in patients with 

T2DM requiring treatment intensification. The rationale, 
mechanism, and clinical data on combination therapy 
with DPP-4 inhibitors and SGLT-2 inhibitors have been 

explored in many systematic reviews and meta-analysis. 
Clinical trial results suggest that the complementary 
mechanisms of action of SGLT-2 and DPP-4 inhibitor 
combinations result in clinically meaningful and sustained 
reductions inHbA1c, FPG, and body weight, as well as small 
reductions in blood pressure, with low rates of 
hypoglycaemia, and good tolerability.  

 
A meta-analysis has evaluated the efficacy and safety 

of a combination therapy comprising a SGLT-2 inhibitor 
and DPP-4 inhibitor in type 2 diabetes [18]. Eight 
randomised controlled trials (RCT) comparing SGLT-2 
inhibitor/DPP-4 inhibitor and DPP-4 inhibitor, and five 
RCTs comparing SGLT-2 inhibitor/DPP-4inhibitor and 
SGLT-2 inhibitor, with three RCTs involving both 
comparisons, were included in the review. SGLT-2 
inhibitor/DPP-4 inhibitor resulted in a greater mean 
HbA1c reduction [weighted mean difference (WMD]): -
0.62%]), than did DPP-4inhibitor alone, which was a 
much less marked reduction (WMD: -0.35%) than with 
SGLT-2 inhibitor alone. Interestingly, the authors 
thereafter suggest that additional glucose control is 
significant when SGLT-2inhibitors are combined with or 
added to DPP-4 inhibitors but not vice versa, as was also 
suggested previously [19]. 
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A randomized double-blind trial studied the effect of 
saxagliptin plus dapagliflozin addition versus single 
addition of saxagliptin or dapagliflozin to metformin. 
Patients receiving dapagliflozin plus saxagliptin 
demonstrated greater improvements in glycaemic control 
(ie, HbA1c and FBG) at week 24 than those receiving either 
dapagliflozin or saxagliptin alone. Furthermore, 41% of 
patients achieved HbA1c <7% with dapagliflozin plus 
saxagliptinvs 18% and 22% with saxagliptin or 
dapagliflozin, respectively [20].  

 
Two further RCTs investigated the triple combination 

therapy of dapagliflozin plus saxagliptin plus metformin. 
In the first study, patients (N=320) received open-label 
treatment with saxagliptin (5 mg/day) and metformin 
(immediate-release formulation ≥1,500 mg/day) for 16 
weeks before being randomized to a 24-week, double-
blind treatment period and receive additional treatment 
with dapagliflozin (10 mg/day) or placebo [21]. The 
second study (N=315) followed a similar design and drug 
dosing, but with saxagliptin (or placebo) added to 
dapagliflozin and metformin [22]. The results from both 
studies showed greater reductions in HbA1c and FBG at 
week 24 occurring in patients receiving dapagliflozin plus 
saxagliptin plus metformin [21,22].  

 
A similar study comparing linagliptin/empagliflozin, 

empagliflozin, and linagliptin as add-on therapy to 
metformin was published. At week 24, empagliflozin 
significantly reduced HbA1c (mean baseline 7.96-7.97% 
versus placebo) [23]. However in the present study 
canagliflozin and dapagliflozin treated groups showed 
improved glycaemic outcome with significant reduction in 
HbA1c (p=0.008 and p=0.0005 respectively). When overall 
effect of SGLT-2 inhibitor as added on to metformin/DPP-
4 inhibitor combinations was analysed FBG (<0.0001), 
PPBG (<0.0001) showed statistically significant reduction. 
Mean baseline HbA1c value came down to 7.33 which was 
also statistically significant (<0.0001). 

 
Body weight changes little when a DPP-4 inhibitor is 

added to a metformin/SGLT-2 inhibitor combination but, 
in patients with baseline BMI 30-32kg/m2, adding the 
SGLT-2 inhibitor to a metformin/DPP-4 inhibitor 
combination is associated with weight loss of 
approximately 1.5-3.0kg compared with 0.3-0.4kg among 
placebo recipients [21,23]. In this study there was 2.67 kg 
weight loss when SGLT-2 inhibitor was added to 
metformin/DPP-4 inhibitor combinations in the study 
group with mean BMI of 30.85kg/m2 and mean body 
weight of 81.55 kgs at baseline .This was statistically 
significant (p<0. 0001). 

Adding an SGLT-2 inhibitor to metformin/DPP-4 
inhibitor is also associated with a small reduction in blood 
pressure of about 1.0–2.5mmHg above the effect of 
placebo for systolic and diastolic pressures but there is 
little impact when a DPP-4 inhibitor is the third drug 
added [21-24]. In the present study in the empagliflozin 
treated group there was 8.17mmHgreduction of SBP 
(p=0.0002) and 3.03 mmHg reduction in DBP (p= 0.049). 

 
Finally, the limitations of this study must be 

considered. First, this is a real world study (RWS). 
Randomisation and placebo controlling were not done. 
Secondly, due to small number of cases dose related 
subgroup analysis of the three SGLT-2 inhibitors couldn’t 
be done. Thirdly, the DPP-4 inhibitors were not 
individually analysed. These issues might have 
implication in the result and outcome of the study.  
 

Conclusion  

The present study showed addition of SGLT2 
inhibitors as an add-on to DPP-4 inhibitors and 
metformin in inadequately controlled T2DM produce 
favourable effects on metabolic parameters with the 
advantage of weight loss. This only Indian real world 
study is thus consistent with RCTs and real world studies 
of western world.  
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