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Abstract
Objective
To evaluate the usage of various strengths of glimepiride and metformin fixed-dose combinations in the
management of type 2 diabetes mellitus (T2DM) patients with comorbidities and complications.

Methods
A retrospective, non-randomized, non-comparative, multi-centric real-world study included T2DM patients
(age > 18 years) taking glimepiride and metformin fixed-dose combinations. Age, duration of diabetes,
diabetes complications, comorbidities (hypertension and dyslipidemia), dosage frequency, and concomitant
medications were analyzed from medical charts.

Results
A total of 4858 T2DM patients were included, with a mean age of 52.67 years and males being predominant
in the study population (60.85%). The laboratory investigations showed a mean glycated hemoglobin
(HbA1c) of 7.5, low-density lipoprotein (LDL) cholesterol of 104.81 ± 38.19 mg/dL, and serum creatinine of
0.88 ± 0.26 mg/dL. Around 2055 (42.30%) T2DM patients were hypertensive, and telmisartan alone and a
telmisartan-based combination were the drugs of choice for hypertension management. Similarly, 1073
(22.08%) T2DM patients were having dyslipidemia and were primarily managed with rosuvastatin and its
combination in 664 (62%) patients. Macrovascular complications were observed in 339 (6.97%) T2DM
patients, among which coronary artery disease (CAD) had maximum prevalence, affecting 273 (5.61%) T2DM
patients. Microvascular complications were 1010 (20.79%) T2DM patients, among which neuropathy had
affected a maximum of 686 (14.12%) followed by retinopathy (2.34%) and nephropathy (1.81%). Among the
available 11 strengths, the glimepiride 2 mg and metformin 500 mg combination were most widely
prescribed in 1297 (26.69%), followed by glimepiride 1 mg and metformin 500 mg in 1193 (24.57%) patients,
and the preferred dosage pattern was twice a daily in 2665 (54.85%) T2DM patients. An age-wise
prescription analysis showed that glimepiride and metformin combinations were the preferred choice for the
management of diabetes across all the age groups.

Conclusion
The real-world evidence in the Indian clinical setting indicates that glimepiride and metformin fixed-dose
combinations are widely used in the management in T2DM patients with comorbidities like hypertension,
dyslipidemia, and diabetes complications. Glimepiride and metformin fixed-dose combinations are suitable
for early as well as long-standing diabetes.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine
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Introduction
Diabetes mellitus has become a global burden, affecting 463 million people worldwide and responsible for
4.2 million deaths [1]. Type 2 diabetes mellitus (T2DM) is a heterogeneous disorder, and patients are at
increased risk of developing macrovascular complications (coronary artery disease (CAD), peripheral arterial
disease (PAD), and stroke/transient ischemic attack (TIA)) and microvascular complications (diabetic
nephropathy, neuropathy, and retinopathy) due to inadequate glycemic control [2]. In India, the epidemic of
diabetes continues to rise, which leads to disability and fatal complications that are related to an increased
financial burden. According to the UK Prospective Diabetes (UKPDS) study, glycemic control using a single
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oral hypoglycemic agent is likely to be ineffective in the longer duration of disease, thus, unavoidably, many
patients will require combination therapy to achieve their target glucose level [3]. The combination of
modern sulfonylurea (glimepiride) and metformin is widely prescribed for effective blood glucose
control due to its capability of counteracting “insulin secretion disorder” and “insulin resistance,”
respectively. In India, multiple strengths of the glimepiride and metformin fixed-dose combination are
available and widely used by primary care physicians and specialists [4]. The current study is aimed to
analyze the usage of various strengths of the glimepiride and metformin combination in the management of
T2DM patients with comorbidities and complications.

Materials And Methods
A retrospective, non-randomized, non-comparative, multi-centric, real-world study of Glycomet
Glimepiride (REAL GGP) was conducted in Indian health care centers having the medical records of adult
T2DM patients (age >18 years) who had received treatment with any strengths of glimepiride and metformin
SR (sustained-release) combination as per the standard of care in a physician's practice. The data collected
were analyzed for age, diabetes complications (microvascular and macrovascular), comorbidities
(hypertension and dyslipidemia), the dosage frequency and strengths of the glimepiride and metformin
combination, and the durability of glycemic control across all age groups (>18 years).

The study was conducted in accordance with the ethical principles that are consistent with the Declaration
of Helsinki, International Conference on Harmonization-Good Clinical Practices, and the applicable
legislation on non-interventional studies. The current study is Clinical Trials Registry India (CTRI)
registered (CTRI/2018/09/015693) and the study protocol was approved by an Independent Ethics
Committee.

Results
Population characteristics
The study enrolled 4858 T2DM patients across India, i.e., 3030 patients from the south zone, 1239 patients
from the east zone, 439 patients from the north zone, and 150 patients from the west zone. The mean age
was 52.67± 11.53 years, with glycated hemoglobin (HbA1c) of 7.5%, 2956 (60.85%) patients were men, and
mean weight was 71.07±11.59 kg. The laboratory investigations showed mean total cholesterol of 180.21 ±
42.36 mg/dL, low-density lipoprotein (LDL) cholesterol of 104.81 ± 38.19 mg/dL, high-density lipoprotein
(HDL) cholesterol of 45.58 ± 18.34 mg/dL, triglyceride of 164.13 ± 81.74 mg/dL, and serum creatinine of 0.88
± 0.26 mg/dL (Table 1).
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Population Characteristics (n)

Age (years, mean ±SD) 52.67 ± 11.53

Male, n (%) 2956 (60.85%)

Female, n (%) 1902 (39.15%)

Weight (kg, mean ±SD) 71.07±11.59

Laboratory Investigations

HbA1c 7.5

FPG (mg/dL) 147.53 ± 48.99

PPG (mg/dL) 211.51 ± 64.99

Total Cholesterol (mg/dL) 180.21 ± 42.36

LDL (mg/dL) 104.81 ± 38.19

HDL (mg/dL) 45.58 ± 18.34

Triglycerides (mg/dL) 164.13 ± 81.74

Serum creatinine (mg/dL) 0.88 ± 0.26

Comorbidity

Hypertension 2055 (42.30%)

Dyslipidemia 1073 (22.08%)

Macrovascular complications [n (%)]

Coronary artery disease 276 (5.66%)

Stroke 63 (1.29%)

Microvascular complications [n (%)]

Neuropathy 686 (14.12%)

Retinopathy 114 (2.34%)

Nephropathy 88 (1.81%)

Erectile dysfunction 85 (1.74%)

Foot ulcer 37 (0.76%)

Age-wise usage of glimepiride and metformin FDC [n (%)]

18-40 years 696 (14.31%)

40-60 years 3798 (78.18%)

>60 years 365 (7.51%)

TABLE 1: Baseline characteristic and laboratory investigations

Clinical usage of glimepiride and metformin fixed-dose combinations
Strengths of the Combination

Among the available 11 strengths, the glimepiride 2 mg and metformin 500 mg combination were most
widely prescribed in 1297 (26.69%) patients with T2DM, followed by glimepiride 1 mg and metformin 500 mg
in 1193 (24.57%), and glimepiride 0.5 mg and metformin 500 mg in 640 (13.17%) patients with T2DM (Table
2).
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Sr. No. Strengths of glimepiride and metformin combinations Number of patients (%)

1 Glimepiride 0.5 mg and Metformin 500 mg 640 (13.17%)

2 Glimepiride 0.5 mg and Metformin 1000 mg 175 (3.6%)

3 Glimepiride 1 mg and Metformin 500 mg 1194 (24.57%)

4 Glimepiride 1 mg and Metformin 850 mg 72 (1.48%)

5 Glimepiride 1 mg and Metformin 1000 mg 393 (8.08%)

6 Glimepiride 2 mg and Metformin 500 mg 1297 (26.69%)

7 Glimepiride 2 mg and Metformin 1000 mg 528 (10.86%)

8 Glimepiride 2 mg and Metformin 850 mg 232 (4.76%)

10 Glimepiride 3 mg and Metformin 1000 mg 200 (4.11%)

11 Glimepiride 4 mg and Metformin 1000 mg 127 (2.61%)

TABLE 2: Usage of the various strengths of glimepiride and metformin combinations

Dosage Pattern

The prescription of glimepiride and metformin dosage was individualized according to the patients, among
which BID (twice a day) was the preferred dosing frequency in 2665 (54.85%) patients with T2DM while OD
(once a day) was prescribed in 2193 (45.14%) patients with T2DM (Figure 1).

FIGURE 1: Dose frequency of glimepiride and metformin fixed-dose
combinations

Durability of the glimepiride and metformin combination
Around 3798 patients with T2DM (78.18%) on the glimepiride and metformin combination were in the age
group of 40-60 years, followed by 14.3% patients of <40 years of age, and 365 patients (7.15%) patients >60
years of age (Table 1). The duration of diabetes in the study population ranged from two years to 12 years
across the age groups; this highlights the glycemic durability of the glimepiride and metformin combination
(Figure 2). The mean duration of diabetes was 8.8 years, 11.5 years, and 12.9 years in patients of 60-70 years
of age, 70-80 years of age, and over 80 years of age, respectively. All the strengths of glimepiride and
metformin are used for T2DM patients >60 years of age and having long-standing diabetes.
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FIGURE 2: Duration of diabetes in patients taking glimepiride and
metformin

Diabetes comorbidities
Hypertension

In total, 2055 (42.30%) patients with T2DM were having hypertension as comorbidity (Table 1). Telmisartan
alone and telmisartan-based combinations were the most common antihypertensive therapy used in 1322
(64%) patients, followed by olmesartan and its combination in 301 (11%) patients (Figure 3).

FIGURE 3: Anti-hypertensive therapy in hypertension with T2DM
T2DM: type 2 diabetes mellitus

Dyslipidemia

Dyslipidemia was observed in 1073 (22.08%) patients (Table 1). The study result showed that rosuvastatin
and its combination was the choice of lipid-lowering therapy in 664 (62%) of patients, followed by
atorvastatin and its combination in 391 (36%) patients with T2DM (Figure 4).
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FIGURE 4: Lipid-lowering therapy in dyslipidemia with T2DM
T2DM: type 2 diabetes mellitus

Diabetes complications
Macrovascular Complications

The results showed that 339 (6.97%) T2DM patients had macrovascular complications, among which
coronary artery disease (CAD) was present in 276 (5.68%) T2DM patients, followed by stroke in 63 (1.29%)
patients (Table 1). As primary or secondary prevention, aspirin was administered as monotherapy or dual
antiplatelet therapy (DAPT) in ~7% of T2DM patients.

Microvascular Complications

Among the patients with T2DM, 1010 (20.79%) had microvascular complications. Neuropathy was the
leading microvascular complication affecting 686 (14.12%) T2DM patients and the preferred choice of
treatment was pregabalin and its combination. Retinopathy was observed in 114 (2.34%), nephropathy in 88
(1.81%), erectile dysfunction in 85 (1.74%), and foot ulcer in 37 (0.76%) T2DM patients.

Discussion
All the strengths of the glimepiride and metformin combination are widely prescribed by the physicians
across India, considering the efficacy and cost-effectiveness of the combination therapy [5].

The present real-world study describes the usage of various strengths of the glimepiride and metformin
combination in patients with T2DM having hypertension and dyslipidemia as the major comorbidities and
showing the presence of micro- and macrovascular complications.

The results of the present study indicate good glycemic control at all the age groups and showed a sustained
legacy effect maintained for a longer duration of diabetes, which was in concordance with the study
conducted by Kalra S et al. [4]. Early combination therapy with the glimepiride and metformin combination
could provide the benefit of a legacy effect through earlier glucose control, avoiding a negative glycemic
memory related to micro- and macrovascular complications [6]. Hypertension is a major risk factor for
cardiovascular disease (CVD) [7], and the presence of hypertension in diabetes patients increases the risks of
micro- and macrovascular complications and mortality [1].

In the present study, hypertension was the most common comorbidity observed, which highlights the fact
that at least one antihypertensive drug should be administered to patients with diabetes to reduce
cardiovascular (CV) morbidity and mortality [7]. As per Derosa G et al. antihyperglycemic drugs might have a
small but clinically significant effect on blood pressure in patients with T2DM [8]. Despite the various anti-
diabetic agents, the glimepiride and metformin combination was the preferred choice in hypertensive
patients with diabetes for optimal blood glucose control, which was in concordance with the previous study
by Tripathi S et al [5]. The hypertension treatment regimen in the current study showed that telmisartan and
telmisartan-based combinations were the preferred choices of antihypertensive therapy in 64% of patients,
followed by olmesartan and its combination in 11% of patients. These results were in concordance
with Guerrero-García C et al. who stated that in hypertensive diabetes patients, multiple drug therapy is
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necessary to achieve blood pressure targets [9]. Studies report the CV protection of metformin, as it reduces
the risk factors of CV diseases, including lipids, overweight, and hypertension; thus, lowering the incidence
of CVD [10-11]. The conventional sulfonylureas are reported to have adverse CV effects while studies report
glimepiride to have neutral CV effects [12]. A preliminary study of glimepiride conducted in 34 patients with
T2DM showed positive effects on biomarkers related to CV regulation, indicating the presence of anti-
oxidant, anti-inflammatory, and angiogenic properties [13].

Patients with T2DM have an increased prevalence of lipid abnormalities and, consequently, a high risk of
atherosclerotic cardiovascular disease (ASCVD). Increased levels of LDL cholesterol and decreased levels of
HDL cholesterol are the strongest predictors of CAD in patients with T2DM [14]. In the current study,
dyslipidemia was observed in 22.08% of patients, which highlights the importance of lipid management as
an integral part of T2DM management. Glimepiride does not show significant effects on lipid profile
[15] while metformin is found to improve dyslipidemia in patients with T2DM by reducing LDL, triglycerides,
and increasing HDL-C levels [16]. Kashi et al. [17] have reported a synergistic effect between metformin and
statin, which is beneficial to reduce CV events in high-risk patients.

Macrovascular complications in diabetes primarily affect coronary arteries, peripheral arteries, and
cerebrovasculature. Early macrovascular disease is associated with atherosclerotic plaque in the vasculature
supplying blood to the heart, brain, limbs, and other organs while a late stage involves complete blockage of
these vessels, which can increase the risks of myocardial infarction (MI), stroke, claudication, and gangrene
[18]. Hence, the main target in the management of T2DM is maintaining good glycemic control, which is
particularly important for controlling diabetes and preventing and delaying diabetes complications [19]. The
CAROLINA (Cardiovascular Outcome Study of Linagliptin vs Glimepiride in Type 2 Diabetes) trial conducted
in patients with T2DM at an elevated cardiovascular risk demonstrated that glimepiride is at par with
linagliptin for safety from a three-point major cardiovascular event (3P-MACE) and 4P-MACE. Similarly, the
South Asian Federation of Endocrine Societies (SAFES) consensus statement recommended that modern
sulfonylureas (e.g. glimepiride) should be preferred over conventional sulfonylureas given the reduced
mortality (all-cause and CV mortality) and better CV outcomes [20].

Micro-vessels are the basic functional unit of the CV system. They also regulate vascular permeability and
myogenic responses, which can adapt blood flow according to local metabolic needs [18]. Diabetes induces
pathognomonic changes in the microvasculature, affecting the capillary basement membrane, including
arterioles in the glomeruli, retina, myocardium, skin, and muscle, by increasing their thickness, leading to
the development of diabetic microangiopathy [21]. Hence, optimal glycemic control and achieving targeted
blood glucose levels is important for the prevention of microvascular complications [22]. In the current
study, 20.79% of patients with T2DM had microvascular complications, of which neuropathy was the leading
microvascular complication affecting patients with T2DM and preferably treated with pregabalin and its
combination. The UKPDS (United Kingdom Prospective Diabetes Study) showed that early intensive glucose
control at the time of diagnosis is associated with a significant decrease in the risk of myocardial infarction
and death from any cause, along with a reduction in the risk of microvascular disease [23], thus indicating
the important role of glycemic control to reduce microvascular complications.

According to the American Diabetes Association (ADA) and the Research Society for Study of Diabetes in
India (RSSDI) wheel, modern sulfonylureas, such as glimepiride have high efficacy over conventional
sulfonylureas and lower risk of hypoglycemia with neutral CV risk [24-25].

A case-based questionnaire conducted with 2248 Indian patients showed that multiple strengths of
glimepiride and metformin combinations are prescribed in T2DM patients, irrespective of age, diabetes
duration, body mass index (BMI), and diabetes complications [26]. These combinations have shown good
clinical efficacy, tolerability, and glycemic control and are beneficial particularly in resource constraint
locations. The clinicians are benefited from these combinations due to the ease of up- and down-titration.

Glimepiride in combination with metformin is not only safe and effective but also cost-effective and an
easily accessible approach for the management of T2DM [27]. A pharmacoeconomic study showed that the
glimepiride and metformin combination was more cost-effective than the metformin and teneligliptin
combination [28]. Glimepiride is comparable to other newer agents, such as DPP4i and GLP-1, in achieving
the glycemic goal but at a low cost [29]; correspondingly, the results of reported studies confirm the cost-
effectiveness of metformin over other anti-diabetic agents and lifestyle interventions [30]. These
combinations are available widely in various strengths and easily accessible at affordable prices.

One of the key limitations of this study was the retrospective collection of data, which limited the strength
of inference that can be made from the observations. The collection of data did not include fasting and
the postprandial blood glucose levels and BMI of the patients.

Conclusions
The real-world analysis concludes that all the strengths of the glimepiride and metformin combinations are
widely prescribed in diabetes with comorbidities like hypertension and dyslipidemia and complications for
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optimal glycemic control. Glimepiride and metformin fixed-dose combinations are suitable for early as well
as long-standing diabetes.
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