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A b s t r A c t
Background: Many patients with type 2 diabetes mellitus (T2DM) struggle to control their 
glucose levels with dipeptidyl peptidase-4 inhibitor (DPP4i)-based therapy, highlighting the 
need to explore alternative treatments. This study aims to investigate the benefits of switching 
to a sulfonylurea/metformin combination in individuals with type 2 diabetes (T2D) who were 
previously on DPP4i. Methods: The study is a retrospective, multicenter, observational, case-
based questionnaire survey conducted in T2DM patients who received DPP4i earlier but due 
to poor glycemic control switched to the combination in any strength. Statistical analysis was 
conducted using SPSS® Version 23.0 software. Continuous variables were analyzed using 
mean and standard deviations; categorical variables were analyzed using Fisher's exact and  
Chi-square tests. Results: The study analyzed data from 2,736 T2DM patients who were 18 
years and above, having an average age of 38.46 ± 7.21 and average body mass index (BMI) of  
27.79 ± 4.25 kg/m2. The mean change in the glycated hemoglobin (HbA1c) values after treatment 
was found to be 1.11 ± 0.78, while the mean change in fasting plasma glucose (FPG) and 
postprandial glucose (PPG) was 41.77 ± 31.11 and 67.39 ± 51.57, respectively; 94.8% of patients had 
no hypoglycemic events and 96.2% did not gain weight after switching to glimepiride/metformin, 
additionally the HbA1c, FPG, and PPG levels were control well. HbA1c before treatment was 
9.64 ± 1.79 and after treatment was 7.52 ± 1.97. Similarly, FPG was 175.14 ± 89.89 mg/dL before 
treatment, which reduced to 133.37 ± 43.59 mg/dL after treatment. PPG was found to be 251.38 
± 80.30 mg/dL before treatment and 183.98 ± 54.76 mg/dL after treatment. Vildagliptin (50%) was 
the most common DPP4i being prescribed, followed by sitagliptin (30.2%). The main reason of 
switching to glimepiride/metformin was to improve the HbA1c levels, followed by controlling 
the uncontrolled glycemic levels and further improving FPG and PPG levels. Conclusion: The 
study supports the effectiveness and safety of switching to modern sulfonylureas/metformin in 
T2DM patients who are inadequately controlled on DPP4i-based therapies.
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Introduction

Type 2 diabetes (T2D) is a progressive disease which 
often requires treatments to be added or switched 
in order to achieve glycated hemoglobin (HbA1c) 
targets. However, stringent glycemic targets in people 
over 65 years may increase the risk of hypoglycemia. 
People with multimorbidity may be less likely to 
receive multiple T2D therapies due to concerns about 
polypharmacy and drug interactions. T2D medication 
may be switched due to lack of efficacy or adverse drug 
events (ADEs)1-4.

Dipeptidyl peptidase-4 inhibitors (DPP4i) have 
emerged as a novel class of oral antidiabetic agents, 
offering glucose-lowering effects by inhibiting the 
breakdown of incretin hormones. However, clinical 
reality sometimes presents challenges as some patients 
fail to achieve desired glycemic control despite DPP4i 
therapy5.

Poor glycemic control increases the risk of 
cardiovascular disease, chronic kidney disease (CKD), 
and mortality. Studies have also shown that the use of 
dipeptidyl peptidase-4 (DPP-4) is contraindicated in 
people with CKD and might increase the risk of heart 
failure and acute pancreatitis6,7.

Recent studies suggest that DPP4i are associated with 
an increased risk of developing bullous pemphigoid 
(BP) in patients with diabetes8.

In many instances, discontinuation of DPP4i was 
found to be possible adverse events or tolerability 
issues related to adding insulin (58.9%), lack of efficacy/
treatment goals not being met (55.4%) and cost of DPP4i 
in addition to insulin (48.5%)9.

Modern antidiabetic strategies have evolved to 
incorporate a combination of medications to target 
multiple facets of glucose regulation, such as modern 
sulfonylureas (SUs) and metformin. Modern SUs are 
considered ideal options due to their high efficacy, 
relative cardiovascular safety, and low cost.

Hence, in the pursuit of refining diabetes 
management strategies, the transition from DPP4i-
based treatments to contemporary modern SU/
metformin combinations has emerged as a potential 
solution for patients encountering inadequate glycemic 
control.

This retrospective questionnaire based study 
examines the outcomes and implications of such a 
transition, shedding light on its effectiveness and 
relevance in optimizing the care of patients previously 
uncontrolled on DPP4i therapies.

Material and Methods

Study Design

This was a retrospective, multicenter, observational, 
case-based questionnaire survey. It was conducted 
with 225 health care professionals (HCPs) across 
different centers in India. The study protocol was 
designed according to the principles of the Declaration 
of Helsinki.

Study Population

The study included 2,736 patients of both sexes,  
aged above 18 years, diagnosed with T2DM and received 
DPP4i earlier but due to poor glycemic control switched 
to the combination in any strength. The average age of 
the participants was 38.46 ± 7.21 with an average body 
mass index (BMI) of 27.79 ± 4.25 kg/m2. Participants 
were also found to be overweight and obese.

Data Collection

A case report format was developed to determine 
the effect of switching to modern SU/metformin in 
patients uncontrolled on DPP4i-based therapies. The 
questionnaire was sent to 225 HCPs across India via 
an online portal. Questions regarding demographic 
characteristics, such as age, sex, BMI, weight change, 
and economic class; duration of diabetes; antidiabetic 
drugs used (DPP4i) and (glimepiride/metformin); 
weight change; hypoglycemic episodes, reasons for 
switching to (glimepiride/metformin); adherence to 
lifestyle, were included in the questionnaire. An online 
portal was developed where the HCPs filled in the 
information. A descriptive analysis was performed 
with the data provided on the portal.

Statistical Analysis

All continuous variables are expressed as mean ± SD 
(standard deviation) or median with the interquartile 
range per the data distribution. Categorical variables are 
expressed as number and their respective percentage. 
Differences in binary and ordinal variables between 
two independent groups were analyzed by the exact 
Chi-square test. All the reported p-values are two-
sided, and p-values <0.05 are considered to indicate 
statistical significance. All data entries and statistical 
analyses were performed by using SPSS@ Version 23.0 
software.

Compliance with Ethics Guidelines

The study was approved by the ethical committees 
at all participating centers. All procedures adhered 
to the ethical standards established by the relevant 
institutional or national research committees. Since the 
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study used an anonymized database and was done 
retrospectively, patient consent was not needed.

Results

The study included, 2,736 T2DM patients who were 18 
years and above with an average age of 38.46 ± 7.21. 
It showed significant control on the HbA1c, fasting 
plasma glucose (FPG), and postprandial glucose (PPG) 
levels after the switch. Hb1Ac before treatment was 
9.64 ± 1.79 and after treatment was 7.52 ± 1.97. Similarly, 
FPG was 175.14 ± 89.89 mg/dL before treatment, which 
reduced to 133.37 ± 43.59 mg/dL after treatment. PPG 
was found to be 251.38 ± 80.30 mg/dL before treatment 
and 183.98 ± 54.76 mg/dL after treatment.

The participants had an average BMI of 27.79 ± 4.25 
kg/m2; 28.1% were obese and 49.2% of the participants 
were overweight as shown in Figure 1.

Demographic details showed that 61.5% of the 
participants belonged to the economically weaker 
section. About 45.5% were moderately active, while 
26.4% were engaged in regular exercise and 13.2% 
were inactive as shown in Figure 2. Additionally 25.1% 
had a history of coronavirus disease 2019 (COVID-19) 
as illustrated in Figure 3. Further details showed 
that 94.8% of patients had no hypoglycemic events  
(Fig. 4) and 96.2% did not gain weight after switching 
to glimepiride/metformin (Fig. 5).

It was further observed that 36.4% physician had a 
view that the switching was having very good efficacy, 
followed by 28.2% physician having a view of excellent 
efficacy as is evident from Figure 6; 86.7% patients 
adhered to proper lifestyle changes as seen in Figure 7.

The survey also gave a clear picture of the 
DPP4i which was being prescribed the most along 
with metformin to the patient before switching to 
glimepiride/metformin. Vildagliptin (50%) was the 
most common DPP4i being  prescripbed, followed by 
sitagliptin (30.2%), teneligliptin (16.0%), linagliptin 
(2.4%), saxagliptin (0.8%), evogliptin (0.3%) and 
alogliptin (0.1%) as is observed from Figure 8.

Further OD (once a day) dose was the most 
prevalent (64.5%) dose of DPP4i being prescribed by 
the physicians, followed by BD (twice a day) with 
35.5% as seen on Figure 9.

The median dose of DPP4i used was found to be 50 
with interquartile range (IQR) of 30. More specifically, 
the median dose of glimepiride used was 1 with 
IQR of (1.5) and the median dose of metformin used 
was 500 with IQR of 350. It was further observed 

that DPP4i being prescribed in patients as add-on to 
metformin was highest (69.2%), followed by first-line 
combination therapy with metformin (30.5%) as seen in 

Figure 1. BMI category.
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Figure 3. Incidences of COVID-19 infection.
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Figure 8. Frequency of different DPP4i being prescribed.
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Figure 7. Patients adherence to lifestyle changes.

Figure 10. The most important reason for switching to 
glimepiride/metformin was found to improve HbA1c 
(71.7%), followed by aiming to control the uncontrolled 
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Figure 9. Dose frequency of DPP4i.
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Figure 6. Physician global evaluation efficacy.
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glycemia accounting for 49.5% of patients, to improve 
FPG (34.9%), to improve PPG (26.4%), cost-effectiveness 
(10.7%), less adverse effects (3%), and other factors 
accounted for only 0.4% as is evident from Figure 11.

Discussion

Dipeptidyl-peptidase-4 inhibitors (DPP4i), in general, 
are recommended as second- and third-line therapy for 
T2DM and offer the option for improvement in both 
HbA1c and beta-cell survival, but a long-term clinical 
trial data are not yet available to assess the sustainability 
of glycemic control and protection of beta-cell mass10. 

Some reasons for switch from DPP4i to modern SUs 
might include modest glycemic lowering, relatively 
higher cost and reported incidences of pancreatic 

disease, arthritis, bullous pemphigoid (BP) some 
cases of heart failure11. Detailed effects of the drug 
combination on different parameters such as fasting 
blood glucose (FBG), PPG, HbA1c, and body weight 
are included. It further provides the clinical evidence 
on switching to modern SU/metformin in patients 
uncontrolled on DPP4i-based therapies.

The study included, 2,736 T2DM patients who were  
18 years and above with an average age of 38.46 ± 7.21. 
It was observed that switching from DPP4i to modern 
SU/metformin combination was beneficial for patients 
who could not control their hyperglycemia even with 
DPP4i.

HbA1c reduced from 9.64 ± 1.79 before treatment 
to 7.52 ± 1.97 after treatment. Similarly, FPG which was 
175.14 ± 89.89 mg/dL reduced to 133.37 ± 43.59 mg/dL 
after treatment. PPG lowered from 251.38 ± 80.30 mg/dL 
before treatment to 183.98 ± 54.76 mg/dL after treatment. 
Being overweight or obese significantly raises the 
risk of developing diabetes. Research indicates that 
approximately 86% of adults with T2D fall into the 
overweight or obese category12,13.

A similar trend was also observed in the current 
study. About 28.1% were obese and 49.2% of the 
participants were overweight.

Studies have shown that the majority of the 463 
million individuals who have diabetes globally 
reside in LMICs (low- and middle-income countries). 
Additionally, it was shown that less than 1 in 10 diabetics 
in LMICs are treated with complete, guideline-based 
care14.

The Centers for Disease Control and Prevention 
(CDC) advises that engaging in physical activity not 
only helps regulate blood sugar levels but also reduces 
the risk of heart disease and nerve damage. They 
recommend 150 minutes of moderate-intensity physical 
activity per week15.  

In the present study, the demographic details 
showed that 61.5% of the participants belonged to 
the economically weaker section. About 45.5% were 
moderately active, while 26.4% were engaged in regular 
exercise and 13.2% were inactive as shown in Figure 2.

Research has established a mutual relationship 
between COVID-19 and diabetes mellitus. Diabetic 
individuals infected with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) face an 
increased risk of hospitalization, severe pneumonia, and 
mortality compared to those without diabetes. The key 
characteristics of diabetes, namely insulin deficiency 
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Figure 11. Reasons for switching to glimepiride/metformin.
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and elevated blood glucose levels, are exacerbated by 
SARS-CoV-2’s ability to target and harm the body’s 
insulin-producing cells16,17. In the present study, it was 
seen that 25.1% of the participating population had a 
history of COVID-19 as illustrated in Figure 3.

DPP4i typically do not lead to weight gain and 
carry a low risk of hypoglycemia and other side effects. 
While they generally have a minimal impact on weight, 
some patients with lower baseline blood sugar levels 
have experienced slight weight reduction when using 
the DPP4i vildagliptin. This weight-neutral effect of 
vildagliptin may be attributed, at least in part, to its 
inherently low risk of hypoglycemia18,19. 

A similar observation was also seen in this study 
with 94.8% of patients reporting no hypoglycemic 
events (Fig. 4) and 96.2% did not gain weight after 
switching to glimepiride/metformin (Fig. 5).

The combination of glimepiride/metformin achieves 
good glycemic control and tolerability. In a recent study, 
Kumar also reported a similar finding that stated the 
efficacy and tolerability to be good to excellent (97.3% 
and 96.6%) in a vast majority of patients20.

In another international prospective study, diabetic 
patients treated with glimepiride showed fewer 
hypoglycemic episodes compared to those treated with 
glibenclamide. Glimepiride’s documented cardiovascular 
safety/neutrality and reduced hypoglycemia episodes 
make it an attractive alternative for the management of 
persons with long-standing diabetes21,22.

Modern SUs (glimepiride/glibenclamide, etc.) offer 
superior glycemic efficacy, has better cardiovascular 
profile and are also available at a reasonable cost. 
Treatment with modern SUs is associated with a lower 
economic burden, and hence they are an effective 
alternative to other newer antidiabetic drugs23,24.

It was further observed that 36.4% physician had 
a view that the switching was having very good 
efficacy, followed by 28.2% physician having a view 
of excellent efficacy as is evident from Figure 6. This 
is in line with a recent retrospective, nonrandomized, 
noncomparative, multicentric real-world study which 
showed that glimepiride and metformin combinations 
are frequently prescribed in diabetes with comorbidities 
like hypertension and dyslipidemia and complications 
for the best glycemic control25.

Most of the global bodies and guidelines advise 
metformin and changes in the lifestyle for treating 
newly diagnosed T2DM, with variations mainly in the 
second- and third-line antidiabetic agents26,27. It was 

seen that 86.7% of the participating patients adhered to 
proper lifestyle changes as seen in Figure 7. The study 
also found that vildagliptin (50%) was the most common 
DPP4i being prescribed, along with metformin to the 
patient before switching to glimepiride/metformin.  
It was followed by sitagliptin (30.2%) as is observed 
from Figure 8 below.

Vildagliptin is a potent and selective inhibitor of DPP-4. 
It enhances glycemic control by increasing the 
responsiveness of both islet alpha-cells and beta-cells 
to glucose. When used in combination with metformin, 
pioglitazone, glimepiride, or insulin, vildagliptin leads 
to significant additional reductions in HbA1c levels 
in patients. Moreover, it has been found to reduce the 
occurrence of hypoglycemic episodes when added to 
insulin therapy. Preliminary findings suggest that the 
enhanced function of islet cells, which contributes to 
the effectiveness of vildagliptin in treating T2D, is also 
evident in individuals with impaired glucose tolerance. 
Vildagliptin treatment in such cases results in decreased 
fluctuations in blood sugar levels28.

Besides being an antidiabetic drug vildagliptin also 
possesses a number of other pharmacological features, 
such as neuroprotective benefits in vivo and in vitro 
models29. 

Vildagliptin also causes a dosage-related reduction in 
HbA1c and FPG when added to a steady dose of metformin. 
Furthermore, metformin increases vildagliptin’s 
ability to boost plasma levels of intact glucagon-like 
peptide-1 (GLP-1), which is one of the main ways 
that vildagliptin’s therapeutic effects are mediated via  
GLP-130. The above factors make vildagliptin a 
good candidate to top the list of DPP4i, which are 
generally prescribed along with glimepiride/metformin 
combination.

Vildagliptin and metformin were observed to 
significantly lower plasma glucose and HbA1c when 
taken once daily, suggesting that this regimen may be 
a more practical and affordable beginning point for 
treatment than a twice-daily regimen31. 

Hence, in the current study also OD (once a day) 
dose was the most prevalent (64.5%) dose of DPP4i 
being prescribed by the physicians, followed by BD 
(twice a day) with 35.5% as seen on Figure 9. The median 
dose of DPP4i used was found to be 50 with IQR of 30. 
More specifically, the median dose of glimepiride 
used was 1 with IQR of (1.5) and the median dose of 
metformin used was 500 with IQR of 350. Vildagliptin, 
when used as add-on therapy to metformin, improved 
Chinese patients’ glycemic control and was well-
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tolerated32. Further, a study found that individuals 
with T2DM who had poor glycemic control benefited 
from adding vildagliptin to their regimen of metformin 
and glimepiride33. A similar observation was seen in 
the present study. 

DPP4i was being prescribed in patients as add-on to 
metformin was highest (69.2%), followed by first-line 
combination therapy with metformin  (30.5%) as seen 
in Figure 10.

In the current study, a significant decrease in the 
FBG, PPG, and HbA1c was observed, which is in similar 
lines with the findings by Phung et al (2010), Hassan 
and Abd-Allah (2015), Kumar (2021), Shrivastava et al 
(2023)20,34-36.

The most important reason for switching to 
glimepiride/metformin was found to improve HbA1c 
(71.7%), followed by aiming to control the uncontrolled 
glycemia accounting for 49.5% of patients, to improve 
FPG (34.9%), to improve PPG (26.4%), cost-effectiveness 
(10.7%), less adverse effects (3%), and other factors 
accounted for only 0.4% as is evident from Figure 11.

Numerous studies have demonstrated that 
incorporating glimepiride into the treatment regimen 
of T2D patients who were not achieving adequate 
glycemic control with metformin alone led to improved 
blood sugar management. Furthermore, the concurrent 
administration of glimepiride and metformin in a 
single medication form proved to be both effective and 
safe for individuals with T2D37-39..

A study found that in T2D patients whose condition 
was not properly managed by low-dose metformin 
monotherapy, glimepiride/metformin fixed-dose 
combination treatment was more successful in glucose 
control than metformin uptitration and was well-
tolerated40.

This study also reported that only 5.2% of patients  
(p < 0.001) experienced hypoglycemia after switching to 
glimepiride/metformin combination. The combination 
of glimepiride/metformin achieves good glycemic 
control and tolerability. In a recent investigation, 
Prasanna Kumar et al similarly reported findings 
indicating that the majority of patients experienced a 
high level of effectiveness and tolerability, with rates 
reaching 97.3% and 96.6%, respectively41. 

In another worldwide prospective research it 
was found that diabetic individuals on glimepiride 
experienced fewer hypoglycemia episodes than those 
taking glibenclamide42. Glimepiride is a desirable 
choice for the management of people with long-

term diabetes due to its shown cardiovascular safety/
neutrality and decreased hypoglycemic episodes43.
Modern SUs have better cardiovascular profiles, 
greater glycemic effectiveness, and are also reasonably 
priced. Modern SUs are an efficient alternative to 
other more recent antidiabetic medications since they 
are connected with a smaller financial burden during 
treatment23. According to a research by Barnett et al 
(2015), metformin plus SU, thiazolidinedione, or 
sodium glucose co-transporter 2 (SGLT2) inhibitor 
medication were typically well-tolerated and improved 
glycemic parameters when combined with a DPP4i44.

Decisions regarding treatment are determined 
by considering factors such as the effectiveness of 
glycemic control, safety profiles, and the impact of 
the therapy on weight and the risk of hypoglycemia, 
existing comorbidities, and treatment costs. Switching 
to modern SU/metformin in patients uncontrolled on 
DPP4i-based therapies was an beneficial alternative for 
diabetes management.

Limitations

As the study was a multicenter observational survey 
it had limitations such as selection and response bias. 
Diverse patient populations across centers made the 
generalization difficult. 

Conclusion 

The retrospective clinical evidence has shed light on the 
clinical outcomes associated with transitioning patients 
from DPP4i-based therapies to modern SU/metformin 
combinations.

The study found that the transition to modern 
SU/metformin combinations in DPP4i-uncontrolled 
patients carries significant implications for diabetes 
management. It could play a crucial role in informing 
treatment paradigms. The transition provides an 
alternative treatment option in addressing inadequate 
glycemic control with DPP4i-based therapies and thus 
improves diabetes care, enhancing the quality of life for 
patients facing the challenges of diabetes management.

Major Findings

 Â Switching to modern SU/metformin showed 
significant improvement in the HbA1c values  and 
FPG and PPG levels and were controlled well.

 Â Majority (94.8%) of patients had no hypoglycemic 
events and 96.2% did not gain weight after 
switching to SU/metformin.

 Â Vildagliptin (50%) was the most common DPP4i 
being prescribed, followed by sitagliptin (30.2%).
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 Â The main reason of switching to SU/metformin 
was to improve the HbA1c levels, followed by 
controlling the uncontrolled glycemic levels and 
further improving FPG and PPG levels.

 Â Transitioning to SU and metformin combo is an 
effective choice for diabetes when DPP4i fall short.
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