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Abstract

Background: Indian Type 2 diabetes mellitus (T2DM) is characterised by premature onset,
high prevalence of insulin resistance, and concomitant comorbidities. Timely control of
glycemia often calls for multiple drug combinations, but real-world data on treatment,
outcomes, and adherence are scarce. Objective: To compare clinical profiles, treatment
strategies, glycemic control, drug adherence, and safety outcomes in T2DM patients during a
six-month follow-up in the real-world Indian clinical practice. Methods: This was an
observational study of 57 adults with T2DM attending an medicine OPD. Patients received one
of six fixed-dose triple drug formulations: dapagliflozin—glimepiride—metformin (1A, 1B),
sitagliptin—glimepiride—metformin (2A, 2B), or pioglitazone—glimepiride—metformin (3A, 3B).
Data on demographics, anthropometry, laboratory values (HbAlc, FBG, PPBQ),
comorbidities, treatment combinations, adherence, and adverse effects were extracted from
medical records across two follow-up visits. Results: The patients' mean age was 58.95 + 8.24
years, and 57.9% were female. All patients had baseline HbAlc >7.1%, which were highly
improved over time; 35.3% had HbAlc <7.1% by visit 2 (P < 0.0001). The most frequent
regimen was 1A + 2A combination with 2 mg Glimepiride. Mean BMI was 23.5 kg/m?. The
most frequent comorbidity was hypertension (56.1%). Adherence was modestly improved, and
adverse events were rare, with hypoglycaemia reduced from 8.8% to 5.3%. Conclusion T2DM
patients in this real-world population had significant glycemic control improvements on
combination therapy. Enhanced adherence and a low rate of adverse events underscore the
practicability of early treatment intensification in Indian clinical practice.
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Background:

Indian Type 2 diabetes mellitus (T2DM) is characterised
by premature onset, high prevalence of insulin
resistance, and concomitant comorbidities. Timely
control of glycemia often calls for multiple drug
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T2DM attending an medicine OPD. Patients received 71% ( W DELTE Catis)
one of six fixed-dose ftriple dmug formulations:
dapagliflozin—glimepiride-metformin (1A, 1B), FBG> 100 mg/dL, n(%) 57(100.0%) 54 (94.7%) 48 (94.1%) 0.1506
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pioglitazone—glimepiride-metformin (3A, 3B). Data on
demographics, anthropometry, laboratory wvalues
(HbAlec, FBG, PPBG), comorbidities, treatment
combinations, adherence, and adverse effects were
extracted from medical records across two follow-up
visits over six months

Conclusion: T2DM patients in this real-world population had significant glycemic
control improvements on combination therapy. Enhanced adherence and a low rate of
adverse events underscore the practicability of early treatment intensification in Indian
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Introduction

Type 2 diabetes mellitus (T2DM) is
an evolving public health issue in India, and
it bears one of the largest diabetes burdens
worldwide [1]. The pathophysiology of
T2DM among Indians is often dominated
by the onset of disease at a young age, a
modest body mass index (BMI), and
extensive central obesity, insulin resistance,
and cardiometabolic comorbidities [2].
These specific characteristics account for a
faster disease course and increased risk of
complications, requiring early and tailored
interventions [3].
with  improvement
pharmacologic choices, glycemic control is

Even n
suboptimal in a large percentage of patients
[4]. Contributing to poor control are clinical
inertia, variable medication adherence, and
patient-level barriers like cost, lack of
understanding, and lack of formal diabetes
education [5]. Early combination therapy is
frequently required in the management of
T2DM to attain and maintain glycemic
goals, particularly in low-resource settings

clinical practice.
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where  postponement of  treatment
intensification is prevalent. Yet, evidence
for treatment patterns, efficacy, and

tolerability of combination regimens in
actual Indian clinical practice is limited [6].
This research was conducted to

the clinical and demographic
treatment regimens,

assess
features, glycemic
response, patterns of adherence, and safety
events in patients with T2DM at one center.
The aim was to provide real-world evidence
regarding the efficacy and tolerability of
different treatment strategies in early- to

mid-stage T2DM in the Indian setting.

Materials and Methods

This was an observational study in
an Indian specialised Medicine OPD. The
aim was to assess the clinical and
biochemical  profiles,  patterns  of
antidiabetic treatment, glycemic control,
and safety outcomes in type 2 diabetes
mellitus (T2DM) patients within a six-
month follow-up. The data were gathered
from the medical records of the patients
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who had a minimum of two follow-up
appointments following  the first
consultation. The research period ranged
from June 2024 to April 2025.

Adult patients aged 18 years or
older with a confirmed T2DM diagnosis
with baseline HBA1C > 7.1. They were
included and followed up for two visits.
Patients were excluded if they had missing
records, known chronic kidney disease
(stage >2), type 1 diabetes mellitus,
secondary diabetes, or were pregnant or
lactating during data collection. Complete
clinical and biochemical data on at least two
visits were available for fifty-seven patients
and were included in the final analysis.

Demographic information such as
age and gender, and anthropometric
measures such as height, weight, BMI,
waist circumference, and waist-hip ratio
were obtained from patient records. Clinical
information consisted of the duration of
diabetes and presence or documentation of
comorbidities like hypertension,
dyslipidemia,  cardiovascular  disease,
thyroid disease, or chronic kidney disease.

Laboratory investigations recorded at
baseline and subsequent visits included
glycated haemoglobin (HbAlc), fasting
blood glucose (FBG), and two-hour
postprandial blood glucose (PPBQG).
Antidiabetic treatment regimens
documented for each visit, including

WwWCEre

changes in  combination therapies.
Medication adherence was assessed based
on patient-reported frequency of missed
doses during each follow-up. Adverse
events, including episodes of
hypoglycaemia and urinary tract infections,
were also documented.

Patients were treated with numerous
oral antidiabetic drug combinations. These
were generally divided into three classes on
the basis of pharmacologic class and action
mechanism: insulin sensitisers, insulin
secretagogues or incretin-based agents, and
SGLT2 inhibitors or other newer drugs.
Combinations of these classes were denoted
as 1A, 2A, 3A, etc., for the analysis (Table
1). Discontinuation of any medication was

not observed during the follow-up.

Table 1. Fixed-dose triple combination formulations of oral antidiabetic agents

Class Combination Formulation Composition
Code
SGLT?2 inhibitor + 1A Dapagliflozin 10 mg + Glimepiride 2
Sulfonylurea + Biguanide mg + Metformin 1000 mg
1B Dapagliflozin 10 mg + Glimepiride 1
mg + Metformin 1000 mg
DPP-4 inhibitor + 2A Sitagliptin 50 mg + Glimepiride 2
Sulfonylurea + Biguanide mg + Metformin 1000 mg
2B Sitagliptin 50 mg + Glimepiride 1
mg + Metformin 1000 mg
Thiazolidinedione + 3A Pioglitazone 15 mg + Glimepiride 2
Sulfonylurea + Biguanide mg + Metformin 1000 mg
3B Pioglitazone 15 mg + Glimepiride 1
mg + Metformin 500 mg
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The major outcome was glycemic
control change, measured by HbAlc levels
between visits. Secondary outcomes were
changes in FBG and PPBG, trends in
adherence, and rates of adverse events. The
average interval between the baseline and
each follow-up visit was computed to
measure the time-dependent change in the
parameters.

Descriptive
employed to present baseline demographic,
clinical, and laboratory data. Continuous
measures were represented as mean +
standard deviation (SD), and categorical
variables were presented as absolute counts

statistics were

and percentages. Repeated measures
analysis was used to compare the glycemic
parameters between visits. A p-value of less
than 0.05 was regarded as statistically
significant. IBM SPSS Statistics software
(version, IBM Corp., Armonk, NY, USA)
was used for statistical analysis.

The research was done in
accordance with ethical standards of the
Declaration of Helsinki. Individual patient
consent was not required as this was a
retrospective  analysis of anonymised
clinical  data. Institutional ~ Ethics
Committee approval was sought before data
retrieval and analysis. We also deny using
Al in analysing the data and interpreting
results or conclusions,

Results
Patient Demographics
Characteristics

A total of 57 patients were enrolled
in the study. The mean age was 58.95 + 8.24
years, and 24 (42.1%) were men and 33

and Baseline
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(57.9%) were women. The mean height and
weight were 163.65 + 7.32 cm and 62.92 +
10.19 kg, respectively. Body mass index
profile revealed that five patients (8.8%)
were with BMI <19 kg/m?, 23 (40.4%) were
with BMI 19-22.9 kg/m?, and 29 (50.9%)
with BMI >23 kg/m? Waist
circumference greater than the risk
threshold (=90 ¢cm in men and >80 cm in

WwEre

women) was found in six female patients
(10.5%) while none of the male patients
crossed the cut-off. The mean waist-to-hip
ratio was 0.91 + 0.03 in men and 0.81 + 0.05
in women, giving a combined mean of 0.86
+ 0.07. The mean length of diabetes was
3.71 £ 2.05 years. These features are
presented in Table 2.

Comorbid Conditions

The most common comorbidity was
hypertension, with 32 patients (56.1%),
followed by cardiovascular disease (7
patients, 12.3%), dyslipidemia (6 patients,
10.5%), and thyroid disease (5 patients,
8.8%). CKD was not observed (Table 2).

Treatment Regimens and Adaptations

At visit 1, most patients (n = 52,
91.2%) were taking the 1A + 2A
combination regimen, and five patients
(8.8%) were taking 3A + 2A. By visit 2,
treatment allocation had become more
varied, with 42 patients (82.2%) on 1A +
2A, 5 (9.8%) on 3A + 2A, 2 (4.0%) on 1B
+ 2B, and one patient each on 3A + 2B and
3B + 2B (2.0% each). There were no
discontinuations of medications throughout
the study (Table 2).
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Table 2. Baseline demographic, anthropometric, comorbidity profile, and treatment regimens

of the study population

N=57

Age, in years (mean £ SD)

58.95 £ 8.24

Gender

Male 24 (42.1%)
Female 33 (57.9%)
Height (mean + SD) 163.65 +7.32
Weight (mean + SD) 62.92 +10.19
BMI (kg.m?)

<19 5 (8.8%)
19-22.9 23 (40.4%)
>23 29 (50.9%)
Waist circumference

Male > 90 cm 0 (0.0%)
Female > 80 cm 6 (10.5%)
Waist:hip ratio (mean £ SD) 0.86 £0.07
Male 0.91+£0.03
Female 0.81 £0.05
Duration of diabetes (mean + SD) 3. 71 £2.05

Comorbidities

Hypertension 32 (56.1%)
Dyslipidemia 6 (10.5%)
CKD 0 (0.0%)
CVD 7 (12.3%)
Thyroid disease 5 (8.8%)

Combination therapies*
Visit 1 (N =57)

1A and 2A 52 (91.2%)
3A and 2A 5 (8.8%)
Visit 2 (N =51)

1A and 2A 42 (82.2%)
1B and 2B 2 (4.0%)
3A and 2A 5(9.8%)
3A and 2B 1 (2.0%)
3B and 2B 1 (2.0%)
Medication discontinuation Nil

*Formulation codes:

1A: Dapagliflozin 10 mg + Glimepiride 2 mg + Metformin 1000 mg; 1B: Dapagliflozin 10 mg +
Glimepiride 1 mg + Metformin 1000 mg; 2A: Sitagliptin 50 mg + Glimepiride 2 mg + Metformin
1000 mg; 2B: Sitagliptin 50 mg + Glimepiride 1 mg + Metformin 1000 mg; 3A: Pioglitazone 15 mg +
Glimepiride 2 mg + Metformin 1000 mg; 3B: Pioglitazone 15 mg + Glimepiride 1 mg + Metformin
500 mg.
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Glycemic Control

The average follow-up period was
94.28 + 15.39 days for visit 1 and 192.18 +
23.79 days for visit 2. At baseline, 100.0%
of patients had HbAlc >7.1%. At visit 1, 7
(12.3%) patients achieved 5.6—7.1%, and
50 (87.7%) continued to be >7.1%. At visit
2, the improvement in HbAlc was more
significant, with 18 (35.3%) patients
achieving 5.6-7.1% and 33 (64.7%)
continuing to be >7.1%. Decrease of

HbAlc with time was significant (p <
0.0001) (Table 3, Figure 1).

By contrast, FBG >100 mg/dL was
found in all patients at baseline (100.0%),
54 (94.7%) at visit 1, and 48 (94.1%) at visit
2 (P = 0.1906). Likewise, two-hour
postprandial blood glucose (PPBG) >140
mg/dL was found in all patients at baseline
(100.0%), 55 patients (96.4%) at visit 1, and
50 (98.0%) at visit 2 (P = 0.3727). These
were not statistically significant (Table 3).

Table 3. Glycemic outcomes (HbAlc, fasting blood glucose, and postprandial blood glucose)

at baseline and follow-up visits.

Baseline Visit 1 Visit 2 p-value
N 57 57 51

Followup duration 9428 £15.39 | 192.18 +
from baseline (mean + 23.79
SD)
Distribution of
HbAlc, n(%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
<5.6% 0 (0.0%) 7 (12.3%) 18 (35.3%) <0.0001
5.6-7.1% 57 (100.0%) | 50 (87.7%) 33 (64.7%) ok
>7.1%
FBG=> 100 mg/dL, 57 (100.0%) | 54 (94.7%) 48 (94.1%) 0.1906
n(%)
2h PPBG > 140 57 (100.0%) | 55 (96.4%) 50 (98.0%) 0.3727
mg/dL, n(%)

FBG- Fasting blood glucose; PPBG- post prandial blood glucose
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Figure 1. Changes in glycaemic indices over two follow-up visits and percentage reduction

from baseline.

(a) HbAlc (%), (b) fasting blood glucose (FBG; mg/dL), and (c) postprandial blood glucose (PPBG;
mg/dL) at baseline, Visit 1 (~3 months), and Visit 2 (~6 months). (d—f) Percentage reduction from
baseline in HbAlc, FBG, and PPBG at Visit 1 and Visit 2. Data are mean £ SEM (baseline/Visit 1,
n=57; Visit 2, n=51). Statistics by repeated-measures analysis with post-hoc paired comparisons;
significance shown as * p<0.05, ** p<0.01, *** p<0.001. Abbreviations: FBG, fasting blood glucose;
PPBG, postprandial blood glucose; SEM, standard error of the mean.

Medication Adherence

Atvisit 1, 6 patients (10.5%) had not
missed any doses, but this increased to 12
(21.1%) at visit 2. The number of patients
missing doses once a week decreased from
24.6% to 8.8%, and once every three weeks,
from 61.4% to 47.4%. On the other hand,
the number of patients missing once every
two weeks rose from 0.1% to 12.3% (Table
4).
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Safety Outcomes

There were a few adverse events.
Hypoglycaemia was noted in five patients
(8.8%) at visit 1 and 3 patients (5.3%) at
visit 2. 5 patients (8.8%) developed urinary
tract infection (UTI) at visit 1, but none at
visit 2 (Table 4).
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Table 4. Medication adherence patterns and adverse events reported across study visits.

Visit 1 Visit 2
N 57 57
Frequency of missing a dose
None 6 (10.5%) 12 (21.1%)
Once a week 14 (24.6%) 5 (8.8%)
Once every 2 weeks | 2 (3.5%) 7 (12.3%)
Once every 3 weeks | 35 (61.4%) 27 (47.4%)
Adverse events
Hypoglycaemia 5 (8.8%) 3 (5.3%)
Urinary tract 5 (8.8%) 0 (0.0%)
infections
Discussion observations indicating gender-
This observational study sought to differentiated  fat  distribution  and

compare clinical features, treatment
regimens, and their effects on glycemic
control in Indian patients with type 2
diabetes. The results indicated that in real-
world settings, earlier consideration of
combination therapies was effective in
achieving good glycemic response in terms
of HbAlc reduction, along with a
reasonable tolerance.

The study population included a
heterogeneous set of individuals at
relatively earlier stages of diabetes and
presenting with multiple comorbidities,
thus reflecting the real-world clinical
setting. The mean age of the cohort in the
study of 58.9 years was dominated by
females (57.9%). Over half of the patients
(50.9%) had BMI >23 kg/m? (Table 2),
consistent with Asian-specific cut-offs for
overweight [7]. These findings are in line
with previous Indian studies in that
overweight and obesity are common among
type 2 diabetic patients [8]. Interestingly,
central adiposity was more prevalent in
female patients (Table 2), which is a
reflection of earlier South Asian
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cardiometabolic risk [9]. The relatively
shorter mean duration of diabetes (3.7
years) (Table 2) suggests that the majority
of patients were in the early disease phase,
at earlier time points, either immediately
following diagnosis or say, less than five
years of disease duration, intensive

glycemic interventions are considered to be

most effective in maintaining p-cell
function and retarding the onset of
complications [10]. The highest

comorbidity rate was of hypertension in
56.1% of the patients, followed by
cardiovascular  disease (12.3%) and
dyslipidemia (10.5%) (Table 2). These
results are similar to earlier Indian and
South Asian literature, where hypertension
has been reported between 50-70% in
diabetics [11]. Lack of chronic kidney
disease in our cohort may be due to the early
stage of the disease. However, longitudinal
studies indicate that CKD prevalence
increases sharply with duration of diabetes
[12].

Worldwide recommendations like
the ADA/EASD consensus also support
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early combination therapy treatment in
patients not likely to reach targets with
monotherapy [13]. The practice setting in
India usually considers metformin along
with sulfonylureas or incretin agents as the
pillar of therapy based on cost-effectiveness
and availability [14]. Accordingly, in the
study cohort, most of the patients had
received the 1A + 2A regimen, which was
the commonly employed
combination. There was notable
improvement in HbAlc with 35.3% of
patients attaining levels of 5.6-7.1% by
Visit 2 versus none at baseline (Table 3,
Figure 1). The result follows the increasing
the of early
combination therapy in diabetes treatment.
The VERIFY trial showed similar results, in
which vildagliptin and metformin early
dual therapy offered more sustained
glycemic control than stepwise escalation
[15].

During follow-up with
combinations, the postprandial glucose and

most

evidence for benefits

fasting levels did not vary significantly.
This can be attributed to the relatively short
study period, inter-individual dietary
variability, and non-adherence, similar to
other Indian studies [16]. However, HbAlc
is still the strongest marker of long-term
glycemic control, and its substantial
decrease supports the efficacy of the
therapeutic approach used. Compliance was
modestly better, with patients reporting
zero missed doses increasing from 10.5% at
Visit 1 to 21.1% at Visit 2. Absence of
medication discontinuations supports the
tolerability and acceptability of these
regimens for clinical practice. The
treatment regimens were tolerated well,
with hypoglycaemia incidence decreased
from 8.8% to 5.3% and urinary tract
infection being zero at Visit 2. These are
reassuring data, and according to reports,
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contemporary double or triple regimens,
particularly those with incretin-based or
SGLT2 inhibitors, have a lower risk of
adverse events than previous regimens
[6,18]. A decrease in hypoglycaemia could
also be because of improved dose
adjustment and closer follow-up. Despite
this, patterns of non-adherence continued,
which is consistent with well-documented
issues including pill burden, expense, and
absence of organised diabetes education for
the population [17]. Past research indicates
that fixed-dose combinations, simplified
regimens [14] and electronic adherence
support [17] have the potential to greatly
enhance compliance, and therefore, the
incorporation of such measures into day-to-
day practice is imperative.

Limitations

Limitations to the study include its
small sample size, brief follow-up (~6
months), and lack of control group or
randomisation, which restrict causal

inference.

Conclusion

This study proved early initiation of
combination therapies in type 2 diabetic
Indian patients with a remarkable reduction
in HbAlc, modest increase in adherence,
and a good safety profile. The prevalence of
comorbid conditions like hypertension and

obesity highlights the necessity for
comprehensive cardiometabolic
management. Higher cohorts, longer

follow-up, and randomised trials are needed
in the future to confirm the durability of
glycemic effects and study
interventions for enhancing adherence.
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