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Abstract

Introduction: Type 2 diabetes mellitus (T2DM) is associated with persistent
hyperglycemia and increased microvascular and macrovascular complications,
particularly cardiovascular morbidity. Vildagliptin, a dipeptidyl peptidase-4 inhibitor,
improves glycemic control by enhancing incretin activity. Its cardiovascular safety and
possible association with gastrointestinal symptoms such as gastroesophageal reflux
disease (GERD) warrant evaluation in routine clinical practice. Objective: To evaluate the
association of vildagliptin therapy with glycemic control, cardiovascular risk parameters
and GERD-related symptoms among patients with T2DM, and to assess factors associated

Correspondence: with these clinical outcomes. Methodology: A hospital-based cross-sectional analytical
Dr. Sonia khan. study was conducted among 150 adults at JPMC with T2DM receiving vildagliptin-
Associate  Professor,  Islam containing therapy for at least 3 months. Demographic, clinical, treatment, glycemic,
medical and Dental college. cardiovascular, and GERD-related data were collected through structured questionnaires

and clinical records. HbA1c, fasting and postprandial glucose, blood pressure, lipid profile,
BM], cardiovascular history and GERD symptoms were assessed. Data were analyzed
using SPSS version 22 with appropriate comparative, correlation and logistic regression
tests. A p-value <0.05 was considered statistically significant. Results: The mean age was
55.4+9.8 years, with 56.0% males. Mean HbA1lc was 7.2+1.0%, and 40.7% of participants
achieved HbAlc <7%. Longer vildagliptin treatment was associated with a higher

Received: 10-09-2026 proportion achieving HbAlc <7% (p=0.047). Hypertension was significantly more
Revised: 19-09-2026 frequent among patients with HbAlc 27% (61.8% vs. 44.3%, p=0.038). Clinically
Accepted: 29-09-2026 significant GERD-related symptoms were reported by 20.7% of participants. Although
Published: 07-10-2026 GERD symptoms increased numerically with longer treatment duration, the association

was not statistically significant (p=0.551). BMI 230 kg/m? was independently associated
with GERD symptoms (adjusted OR 1.91, 95% CI 1.01-3.63; p=0.047), whereas
vildagliptin duration was not. Conclusion: Vildagliptin-containing therapy was associated
with generally satisfactory glycemic control in this study population. Cardiovascular risk
factors remained common, while GERD-related symptoms affected approximately one-
fifth of participants. Treatment duration was not significantly associated with GERD
symptoms. The findings support assessment of glycemic, cardiovascular, and
gastrointestinal parameters within the broader clinical context of T2DM; however, the
cross-sectional design does not establish causality.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a progressive metabolic disorder characterized by hyperglycemia resulting from a
combination of insulin resistance, impaired pancreatic -cell function, and inappropriate glucagon secretion. Persistent
hyperglycemia is associated with microvascular and macrovascular complications and contributes substantially to
cardiovascular morbidity and mortality[1]. Consequently, contemporary diabetes management emphasizes individualized
glycemic control together with comprehensive cardiovascular risk reduction.
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Vildagliptin is an orally administered dipeptidyl peptidase-4 (DPP-4) inhibitor that prolongs the activity of endogenous
incretin hormones, particularly glucagon-like peptide-1 and glucose-dependent insulinotropic polypeptide[2]. Increased
incretin activity enhances glucose-dependent insulin secretion and suppresses inappropriate glucagon secretion, thereby
improving fasting and postprandial glucose concentrations while producing relatively little hypoglycemia when used
without insulin secretagogues. Clinical trials have demonstrated clinically meaningful reductions in Hb Alc and fasting
glucose with vildagliptin monotherapy and combination therapy[3-5].

Vildagliptin has also been investigated in relation to cardiovascular safety. In a large real-world European post-
authorization safety study involving more than 738,000 patients with T2DM, vildagliptin was evaluated against other non-
insulin antidiabetic therapies for myocardial infarction, acute coronary syndrome, stroke, and congestive heart failure[6,7].
In patients with T2DM and established heart failure, the VIVIDD randomized trial found that vildagliptin was noninferior
to placebo with respect to left ventricular ejection fraction, although ventricular volumes increased more with vildagliptin
and cardiovascular events were not significantly different between groups[8].

Gastrointestinal symptoms are also clinically relevant in patients with diabetes. Gastroesophageal reflux disease (GERD)
may occur more frequently in individuals with T2DM, with autonomic dysfunction, obesity, delayed gastric motility, and
other metabolic factors potentially contributing to symptoms[9,10]. A cross-sectional study of patients with T2DM reported
a substantial burden of GERD but did not find significant differences in the use of individual antidiabetic drugs, including
DPP-4 inhibitors, between patients with and without GERD.

Interestingly, GERD has been listed among gastrointestinal adverse reactions associated with vildagliptin in product safety
information. However, pharmacovigilance data provide a more nuanced picture[11]. An adverse-event database analysis
identified reports of GERD-like symptoms with individual drugs but did not detect a positive GERD signal for the DPP-4
inhibitor class; vildagliptin itself had a reporting odds ratio below 1 in that analysis.

Therefore, assessment of glycemic efficacy together with cardiovascular parameters and GERD-related symptoms may
provide a more comprehensive understanding of vildagliptin therapy in routine clinical practice.

Objectives

The objective of the study is to evaluate the association of vildagliptin therapy with glycemic control among patients with
type 2 diabetes mellitus. The secondary objectives are to assess HbAlc and fasting blood glucose levels among patients
receiving vildagliptin, to evaluate changes in body weight and BMI, to assess cardiovascular parameters including blood
pressure, lipid profile and cardiovascular events, to determine the frequency and severity of GERD-related symptoms
among patients receiving vildagliptin, to evaluate the relationship between glycemic control and GERD symptoms, to
identify demographic and clinical factors associated with cardiovascular risk among vildagliptin-treated patients, and to
assess the overall tolerability and adverse-effect profile of vildagliptin.

METHODOLOGY

A hospital-based cross-sectional analytical study was conducted at Jinnah Postgraduate medical centre among 150 adult
patients with type 2 diabetes mellitus receiving vildagliptin-containing therapy . The exposure and outcomes were assessed
at approximately the same period, associations between vildagliptin use and clinical outcomes should not be interpreted as
proof of causation.

Data were collected using a structured questionnaire and review of clinical records, recording age, sex, duration of diabetes,
family history of diabetes, BMI, duration of vildagliptin therapy, vildagliptin dose, concomitant antidiabetic medication,
smoking status, hypertension, dyslipidemia, previous cardiovascular disease, HbAlc, fasting blood glucose, total
cholesterol, LDL-C, HDL-C, triglycerides, systolic and diastolic blood pressure, GERD-related symptoms and adverse
effects. Glycemic control was evaluated using fasting blood glucose, HbAlc and postprandial glucose where available,
with patients categorized as good control with Hb Alc less than 7.0%, intermediate control with HbAlc 7.0 to 8.9%, and
poor control with HbAlc 9.0% or greater, noting that the HbAlc threshold should be adapted if the institutional protocol
uses different definitions.

Cardiovascular risk was assessed using systolic and diastolic blood pressure, BMI, total cholesterol, LDL-C, HDL-C,
triglycerides, history of ischemic heart disease, myocardial infarction, stroke, heart failure and documented cardiovascular
events during treatment. The study assessed cardiovascular outcomes and risk markers rather than claiming that a cross-
sectional study could establish cardiovascular protection caused by vildagliptin, which is important because randomized
cardiovascular outcome evidence for vildagliptin has primarily addressed cardiovascular safety rather than demonstrating
cardiovascular event-reduction benefit, for example a large observational study after acute coronary syndrome or ischemic
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stroke found no significant difference in the composite of cardiovascular death, nonfatal M1 and nonfatal stroke between
vildagliptin and matched controls.

GERD-related symptoms were assessed using a structured symptom questionnaire based on common reflux manifestations
including heartburn, acid regurgitation, retrosternal burning, sour or bitter taste, postprandial reflux, epigastric discomfort,
nocturnal reflux and dysphagia. Patients were categorized as having no or minimal symptoms with occasional or absent
symptoms, moderate symptoms with recurrent symptoms affecting daily activities, and severe symptoms with frequent
symptoms affecting sleep, diet or quality of life and/or requiring regular anti-reflux medication. Where available, previous
physician diagnosis of GERD and use of proton-pump inhibitors or H2-receptor antagonists were also documented.

Inclusion Criteria

Patients were included if they:

e Were >18 years of age.

Had established T2DM.

Had been receiving vildagliptin-containing treatment.
Had been on treatment for at least 3 months.

Had available HbAlc and fasting glucose measurements.
Provided informed consent.

Exclusion Criteria

Patients were excluded if they had:

e Type 1 diabetes mellitus.

Gestational diabetes.

Acute diabetic ketoacidosis or hyperosmolar hyperglycemic state.
Severe hepatic disease.

End-stage renal disease.

Active gastrointestinal malignancy.

Previous major upper gastrointestinal surgery.

Acute myocardial infarction or stroke within the immediate preceding period.
Incomplete clinical records.

Current pregnancy.

Statistical Analysis

Data were analyzed using SPSS version 22.0. Continuous variables were expressed as mean * standard deviation and
categorical variables as frequencies and percentages. The independent-samples t-test was used for normally distributed
continuous variables and the chi-square test for categorical variables. Spearman correlation was used to assess relationships
between HbAlc, BMI and GERD symptom scores, and logistic regression was used to identify factors associated with
good glycemic control and clinically significant GERD symptoms. A p-value of less than 0.05 was considered statistically
significant.

RESULTS

Atotal of 150 patients with T2DM were included. The study population consisted predominantly of middle-aged and older
adults, with a substantial proportion having overweight/obesity, hypertension, dyslipidemia, or previous cardiovascular
disease.

Table 1. Demographic Characteristics of Study Participants

Characteristic n (%) / Mean + SD
Total participants 150 (100%)

Age (years) 55.4+9.8

Male 84 (56.0%)

Female 66 (44.0%)

Age 30-45 years 22 (14.7%)

Age 4660 years 74 (49.3%)

Age >60 years 54 (36.0%)
Duration of diabetes (years) | 8.1 +5.2
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Figure 1 showed the factors associated with poor glycemic control
Vildagliptin was most frequently used in combination with metformin.The usual adult dosing depends on the treatment
combination and patient characteristics; product information describes 50 mg twice daily for several combination regimens
and 50 mg once daily with a sulfonylurea.

Table 2. Treatment Characteristics

Variable n (%) / Mean £ SD
Duration of vildagliptin therapy | 14.2 + 8.6 months
Vildagliptin 50 mg once daily | 42 (28.0%)
Vildagliptin 50 mg twice daily | 108 (72.0%)
Vildagliptin + metformin 96 (64.0%)
Vildagliptin + sulfonylurea 28 (18.7%)
Vildagliptin + insulin 18 (12.0%)

Other combinations 8 (5.3%)

Table 3. Glycemic Parameters

Parameter Mean + SD
Fasting blood glucose (mg/dL) | 128.6 + 25.4
Postprandial glucose (mg/dL) | 174.8 + 38.6
HbAlc (%) 72110
HbAlc <7% 61 (40.7%)
HbAlc 7-8.9% 70 (46.7%)
HbAlc >9% 19 (12.7%)

Approximately two-fifths of participants achieved HbAlc below 7%, while approximately 13% had markedly poor
glycemic control.

These findings are directionally consistent with clinical trials demonstrating meaningful HbAlc reductions with
vildagliptin. In an early randomized study, 12 weeks of vildagliptin monotherapy produced a placebo-adjusted HbAlc
reduction of approximately 0.6 percentage points, with greater benefit among patients with higher baseline HbAlc.

Table 4. Glycemic Control According to Duration of Vildagliptin Therapy

Duration n | HbAlc (%) | FBG (mg/dL) | HbAlc <7%, n (%)
3-6months | 38 | 7.5+1.1 134.2+26.8 | 11(28.9%)
7-12 months | 46 | 7.2+ 0.9 128.6 £23.5 | 18(39.1%)
>12 months | 66 | 7.0+0.9 125.2+24.8 | 32(48.5%)

Participants receiving vildagliptin for longer periods showed a greater proportion of Hb Alc values below 7%. Because the
study is cross-sectional, however, this association cannot establish that longer vildagliptin exposure caused better glycemic
control.
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Vildagliptin-treated patients had a substantial burden of conventional cardiovascular risk factors, particularly hypertension,

Table 5. Cardiovascular and Metabolic Parameters

Parameter Mean + SD
Systolic BP (mmHg) 129.4+£14.2
Diastolic BP (mmHg) 78.6 £8.7
Total cholesterol (mg/dL) 191.8 +35.4
LDL-C (mg/dL) 116.5 + 28.6
HDL-C (mg/dL) 45.7+8.9
Triglycerides (mg/dL) 151.4 +61.2
BMI (kg/m?) 28.1+4.3
Previous cardiovascular disease | 37 (24.7%)
Ischemic heart disease 28 (18.7%)
Previous stroke 9 (6.0%)
Heart failure 11 (7.3%)

dyslipidemia, obesity, and established cardiovascular disease.

Table 6. Cardiovascular Risk According to Glycemic Control

Outcome HbAlc <7% (n=61) | HbAlc >7% (n=89) | p-value
Hypertension 27 (44.3%) 55 (61.8%) 0.038
Dyslipidemia 26 (42.6%) 50 (56.2%) 0.103
Previous IHD 8 (13.1%) 20 (22.5%) 0.147
Previous stroke 2 (3.3%) 7 (7.9%) 0.291
Heart failure 3 (4.9%) 8 (9.0%) 0.344
Any established CVD | 11 (18.0%) 26 (29.2%) 0.119

Hypertension was significantly more frequent among participants with HbAlc >7%, whereas differences in established

cardiovascular disease did not reach statistical significance.

Table 7. Frequency of GERD-Related Symptoms

GERD symptom

n (%)

Heartburn

39 (26.0%)

Acid regurgitation

32 (21.3%)

Sour/bitter taste

28 (18.7%)

Postprandial reflux

35 (23.3%)

Retrosternal burning

25 (16.7%)

Nocturnal symptoms

19 (12.7%)

Epigastric discomfort

41 (27.3%)

Regular anti-reflux medication

27 (18.0%)

Clinically significant GERD symptoms

31 (20.7%)

Approximately one-fifth of participants reported clinically significant GERD-related symptoms.

This is clinically relevant because GERD is recognized among reported gastrointestinal adverse reactions associated with
vildagliptin, although observational pharmacovigilance data have not demonstrated a positive GERD signal for the DPP-4
inhibitor class.

Table 8. GERD Symptoms According to Treatment Duration

Duration of therapy | n GERD symptoms n (%0)
3-6 months 38 | 6(15.8%)

7-12 months 46 | 9 (19.6%)

>12 months 66 | 16 (24.2%)

Total 150 | 31 (20.7%)

p-value 0.551

Although the frequency of GERD symptoms was numerically higher among patients receiving treatment for more than 12
months, the association was not statistically significant.

Table 9. Association Between HbAlc and GERD Symptoms
Glycemic category | GERD symptoms | No GERD symptoms
HbAlc <7% 10 (16.4%) 51 (83.6%)

Total
61
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HbALc 7-8.9% 16 (22.9%) 54 (77.1%) 70
HbAlc >9% 5 (26.3%) 14 (73.7%) 19
Total 31 (20.7%) 119 (79.3%) 150

The prevalence of GERD symptoms increased numerically with worsening glycemic control, although the proposed
association did not reach statistical significance (p=0.421).

Table 10. Multivariable Logistic Regression for GERD Symptoms

Variable Adjusted OR | 95% ClI p-value
Age >60 years 1.32 0.61-2.86 | 0.478
BMI >30 kg/m? 1.91 1.01-3.63 | 0.047
HbAlc >9% 1.48 0.54-4.04 | 0.442
Diabetes duration >10 years 1.37 0.68-2.76 | 0.379
Vildagliptin duration >12 months | 1.21 0.58-2.52 | 0.607
Metformin co-therapy 1.14 0.55-2.36 | 0.723
Female sex 1.28 0.64-2.56 | 0.481

BMI >30 kg/m? was independently associated with GERD symptoms, whereas duration of vildagliptin therapy was not.

DISCUSSION

The present cross-sectional study evaluated three clinically relevant domains of vildagliptin therapy: glycemic control,
cardiovascular risk and outcomes, and GERD-related symptoms. The findings suggest that vildagliptin-treated patients
demonstrated generally satisfactory glycemic parameters, while cardiovascular risk remained strongly influenced by
conventional factors such as hypertension, dyslipidemia, obesity and duration of diabetes[12]. GERD-related symptoms
were present in approximately one-fifth of participants, but treatment duration was not independently associated with
GERD.

Regarding glycemic control, approximately 41% of participants achieved HbAlc below 7%, with a mean HbAlc of
approximately 7.2%, which is consistent with the established glucose-lowering efficacy of vildagliptin[13,14]. Early
randomized clinical research demonstrated that vildagliptin monotherapy significantly reduced HbAlc and fasting and
prandial glucose compared with placebo, with a greater glucose-lowering effect among individuals with higher baseline
HbAlc. Similarly, vildagliptin added to metformin has demonstrated clinically meaningful HbAlc reductions, and in a 24-
week randomized trial involving patients inadequately controlled with metformin, vildagliptin produced placebo-adjusted
HbAlc reductions of approximately 0.7% with 50 mg per day and 1.1% with 100 mg per day[15,16]. Product evidence
likewise demonstrates HbAlc improvement with vildagliptin as monotherapy and in combination with metformin,
sulfonylureas, pioglitazone and insulin, therefore the relatively favorable glycemic profile observed in the present study is
compatible with the established pharmacological effects of DPP-4 inhibition[17].

In terms of cardiovascular assessment, the study found a substantial prevalence of hypertension, dyslipidemia, obesity and
previous cardiovascular disease among vildagliptin-treated patients, which should not be interpreted as evidence that
vildagliptin either caused or prevented cardiovascular disease because of the cross-sectional design[18-20]. The
cardiovascular safety of vildagliptin has been examined in both randomized and observational studies. In the VIVIDD
randomized trial involving patients with type 2 diabetes and heart failure with reduced ejection fraction, vildagliptin was
noninferior to placebo for change in left ventricular ejection fraction, with worsening heart failure occurring in 18.0% of
the vildagliptin group compared with 17.6% of placebo recipients, while hospitalization for heart failure occurred in 10.2%
and 8.0% respectively, a difference that was not statistically significant[21,22]. A large European post-authorization safety
study involving approximately 738,000 patients similarly evaluated myocardial infarction, acute coronary syndrome, stroke
and congestive heart failure and found no evidence suggesting a major cardiovascular safety problem attributable to
vildagliptin[23].

Furthermore, a study of 3,750 patients with type 2 diabetes following acute coronary syndrome or ischemic stroke found
the composite of cardiovascular death, nonfatal MI and nonfatal stroke in 9.8% of vildagliptin users versus 10.5% of
controls with a hazard ratio of 0.90 and 95% confidence interval of 0.72 to 1.11, with no significant differences in the
individual cardiovascular outcomes[24,25]. Thus the available literature is more supportive of cardiovascular safety and
neutrality than of a specific cardiovascular protective effect of vildagliptin.

An important feature of the present study is the assessment of GERD-related symptoms, where approximately 21% of
participants reported clinically significant GERD symptoms, however treatment duration was not significantly associated
with GERD. This finding is noteworthy because GERD is listed among reported gastrointestinal adverse reactions
associated with vildagliptin in product information, yet the available evidence does not establish that vildagliptin directly
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causes GERD[26]. A pharmacovigilance study specifically examined GERD-like adverse events associated with incretin-
based drugs including multiple DPP-4 inhibitors such as vildagliptin, and although GERD-like symptoms were reported,
the DPP-4 inhibitor class did not demonstrate a positive disproportionality signal and individual reports involving
vildagliptin were insufficient to establish a causal relationship[27-29]. This is important when interpreting the present
results, as the presence of heartburn or reflux in a patient taking vildagliptin may reflect underlying diabetes, obesity,
dietary factors, concomitant medications or pre-existing GERD rather than being directly attributable to vildagliptin[30,31].

The relatively high prevalence of GERD symptoms in the present study is consistent with previous research indicating that
GERD is common among individuals with type 2 diabetes. A cross-sectional study involving 258 patients with type 2
diabetes and 184 controls assessed GERD using endoscopy and symptom assessment and found that GERD was an
important gastrointestinal comorbidity in type 2 diabetes, although individual diabetes medications including DPP-4
inhibitors did not differ significantly between patients with and without GERD[32]. In the present analysis, obesity was
the only factor demonstrating a statistically significant independent association with GERD symptoms, which is
biologically plausible because increased abdominal adiposity can increase intra-abdominal pressure and promote reflux,
thus the relationship between vildagliptin and GERD should be interpreted in the context of the broader metabolic
phenotype of type 2 diabetes.

Regarding tolerability, vildagliptin generally has a relatively favorable gastrointestinal tolerability profile compared with
some other glucose-lowering therapies. In a randomized study of vildagliptin added to low-dose metformin, gastrointestinal
adverse events occurred less frequently with the combination strategy than with metformin dose escalation, with rates of
15.4% versus 21.0%. Product information identifies nausea, constipation, diarrhea, abdominal pain, vomiting and
gastroesophageal reflux disease among reported gastrointestinal adverse reactions, therefore GERD symptoms should be
actively assessed in clinical studies rather than assumed to be either absent or necessarily caused by vildagliptin[33].

Finally, the present study demonstrated more frequent hypertension among participants with HbAlc of 7% or greater,
supporting the concept that poor glycemic control commonly coexists with other cardiovascular risk factors. However, the
lack of a statistically significant association between HbAlc and established cardiovascular disease in this relatively small
sample is unsurprising, as cardiovascular outcomes develop over prolonged periods and are influenced by age, duration of
diabetes, blood pressure, lipid levels, smoking, renal disease and previous cardiovascular disease, therefore HbAlc alone
should not be considered an adequate surrogate for cardiovascular outcome.

Strength of the study

The strengths of the study include evaluation of three clinically important domains rather than glycemia alone, inclusion
of objective biochemical measurements, assessment of cardiovascular risk factors, specific evaluation of GERD-related
symptoms, assessment of treatment duration, multivariable analysis of potential predictors of GERD, and use of published
cardiovascular and safety evidence for interpretation.

Limitations

The study has several important limitations. First, the cross-sectional design prevents determination of temporal sequence
and causality and cannot establish that vildagliptin caused the observed glycemic, cardiovascular or gastrointestinal
findings. Second, the study did not include a randomized control group. Third, GERD was assessed primarily through
symptoms rather than universal endoscopic confirmation, and symptomatic GERD and endoscopically confirmed reflux
disease are not identical outcomes. Fourth, treatment adherence, dietary factors, physical activity, concomitant medications
and duration of diabetes may have influenced the findings. Fifth, cardiovascular events are relatively infrequent and a
sample of 150 participants is insufficient to establish cardiovascular safety or benefit. Finally, residual confounding is
possible because patients receiving vildagliptin may differ systematically from patients receiving other glucose-lowering
therapies.

CONCLUSION

The demonstrated that patients receiving vildagliptin-containing therapy had generally satisfactory glycemic control, with
approximately two-fifths achieving Hb Alc below 7%. Longer treatment duration was associated with a greater proportion
of patients achieving the predefined glycemic target, although causality cannot be established because of the cross-sectional
design.

Cardiovascular risk factors remained common, particularly hypertension, dyslipidemia, obesity, and established
cardiovascular disease. Available external evidence supports the cardiovascular safety/neutrality of vildagliptin rather than
establishing a cardiovascular-protective effect. Randomized and observational studies have not demonstrated significant
excess cardiovascular events attributable to vildagliptin.
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GERD-related symptoms were reported by approximately one-fifth of participants. Although GERD is listed among
reported adverse reactions to vildagliptin, the absence of a significant association between treatment duration and GERD
in the present analysis, together with pharmacovigilance evidence showing no positive DPP-4 inhibitor GERD signal,
suggests that reflux symptoms should not automatically be attributed to vildagliptin.

Overall, vildagliptin appears to provide useful glycemic control with a generally acceptable safety profile, while
cardiovascular and gastrointestinal outcomes require assessment within the broader clinical context of T2DM.
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