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*Corresponding Author Abstract: Background: Type 2 Diabetes Mellitus (T2DM) is a major cause of preventable
Dr. Sonia Khan cardiovascular, renal, ophthalmological and neurological complications. Effective prevention requires
adequate glycemic control, appropriate antidiabetic pharmacotherapy, regular biochemical
monitoring, medication adherence, timely screening and access to healthcare services. Deficiencies in

Article History these areas contribute to delayed diagnosis, disease progression and avoidable morbidity. Objective:
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Published: 28.09.2026 sectional study was conducted at JPMC for adults with established Type 2 diabetes melitus. Data was

collected using structured interviews, clinical records, laboratory investigations, medication histories and
screening records. Variables include demographic characteristics, diabetes duration, HbAlc, BMI,
comorbidities, antidiabetic regimens, treatment adherence, biochemical monitoring, complication screening
and barriers to healthcare access. Descriptive and comparative statistical analyses was performed by using
SPSS 22.0, with multivariable regression applied where appropriate. Results: The study included 200
participants, the mean age was 54.8+10.6 years, 58% had HbAlc >7%. Overweight or obesity, defined as
BMI >25 kg/m?, was present in 66%, while hypertension affected 59%. Oral antidiabetic agents were used
by 73% and insulin by 19%; treatment categories could overlap. Regular HbAlc monitoring was recorded in
77%, renal screening in 61% and retinal screening in approximately 57.5%. Conclusion: Glycemic control
and preventive screening play an important role for evaluation in routine diabetes care. A comprehensive
assessment of medication adherence, appropriate pharmacotherapy, biochemical monitoring and healthcare
access help in identification of opportunities to reduce preventable diabetes-related complications.
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INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disorder characterized by insulin resistance and progressive
pancreatic beta-cell dysfunction, resulting in persistent hyperglycemia. It is a major contributor to morbidity,
premature mortality, disability and healthcare expenditure worldwide [1-3]. The increasing burden of T2DM is
associated with population aging, urbanization, physical inactivity, unhealthy dietary patterns and increasing levels
of overweight and obesity [4,5]. The clinical consequences extend beyond elevated blood glucose that include
cardiovascular disease, chronic kidney disease, diabetic retinopathy, peripheral neuropathy, diabetic foot disease,
other metabolic and vascular complications.

The prevention of diabetes-related complications requires a comprehensive approach that integrates glycemic
management, cardiovascular risk reduction, appropriate pharmacological treatment, regular biochemical monitoring,
medication adherence and timely screening. These interventions are particularly important because several
complications develop gradually and remain asymptomatic during their early stages. Early identification of
abnormalities support timely treatment, referral, potentially reducing progression to irreversible organ damage [6,7].
However, the effectiveness of preventive strategies depends on both appropriate clinical management and patients'
ability to access and consistently use recommended healthcare services.
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Glycemic control is a central component of diabetes management because prolonged exposure to elevated blood
glucose contributes to microvascular damage and increases the risk of several long-term complications. Glycated
Hemoglobin (HbA1c) reflects average glycemia over approximately two to three months and is widely used to assess
treatment response [8-10]. Fasting blood glucose and, where available, continuous glucose monitoring provide
additional information about current glucose levels and glucose variability.

The relationship between glycemic control and complications has been established through major diabetes trials.
The UK Prospective Diabetes Study demonstrated the importance of improving glycemic control in newly diagnosed
T2DM, particularly in relation to microvascular outcomes [11].

In routine clinical practice, suboptimal glycemic control reflect several interacting factors, including delayed
treatment intensification, inadequate medication adherence, treatment costs, limited access to laboratory testing,
dietary challenges and insufficient diabetes education [12,13]. Evaluating glycemic control alongside treatment patterns
and healthcare access help to identify potentially modifiable contributors to poor outcomes.

Pharmacological treatment of T2DM has evolved from a predominantly glucose-centered approach toward
comprehensive management of metabolic, cardiovascular and renal risk. Metformin remains a commonly used treatment,
while other medication classes include sulfonylureas, Dipeptidyl Peptidase-4 (DPP-4) inhibitors, sodium-glucose
cotransporter-2 (SGLT2) inhibitors, glucagon-like peptide-1 (GLP-1) receptor agonists, thiazolidinediones and insulin.

The selection of therapy has consider the degree of hyperglycemia, body weight, kidney function, cardiovascular
disease, heart failure, hypoglycemia risk, adverse effects, affordability and patient preferences [14]. SGLT2 inhibitors
and GLP-1 receptor agonists with demonstrated cardiovascular benefits have important roles in selected patients with
established cardiovascular disease, chronic kidney disease, heart failure or elevated cardiovascular risk.

However, the prescription of an appropriate medication does not guarantee an optimal outcome. Treatment
effectiveness reduced by inconsistent use, complex regimens, adverse effects, inadequate follow-up or inability to afford
prescribed medicines [15,16]. Assessing medication choice alongside adherence, treatment duration, dose and clinical
monitoring is therefore necessary to understand the quality and effectiveness of routine diabetes management.

Biochemical monitoring is essential for identifying metabolic abnormalities and detecting complications before they
become clinically advanced. HbA1c and fasting blood glucose helped to assess glycemic status while serum creatinine and
estimated Glomerular Filtration Rate (eGFR) provide information about kidney function. Urinary Albumin-to-Creatinine Ratio
(UACR) can detect albuminuria, an important marker of diabetic kidney disease and cardiovascular risk.

Lipid profile assessment is also important because dyslipidemia contributes to atherosclerotic cardiovascular
disease. Blood pressure, BMI and smoking status complement biochemical measures by identifying additional
modifiable risk factors. The interpretation of laboratory results requires consideration of the patient's clinical history,
current medications and timing of testing.

A systematic assessment of these markers help to determine whether patients are receiving appropriate monitoring
and whether abnormalities requiring treatment intensification or specialist referral are being identified.

Medication adherence refers to the extent to which a patient's medication-taking behavior corresponds with the
agreed treatment plan. In T2DM, adherence can be influenced by treatment complexity, medication cost and adverse
effects [17]. Forgetfulness, limited understanding of the disease, beliefs about medicines and the absence of noticeable
symptoms during periods of poor glycemic control. Adherence was measured by using a clearly defined approach, such
as a validated questionnaire, pharmacy refill records, or a combination of methods. Self-reported adherence may be
affected by recall and social-desirability bias, while refill data do not necessarily confirm that medicines were taken as
prescribed. Identifying barriers alongside adherence levels can provide more useful information for designing patient
education, treatment simplification and follow-up interventions.

Preventive screening is an essential component of routine diabetes management. Retinal assessment enables the
identification of diabetic retinopathy before substantial visual impairment develops. Kidney assessment through eGFR
and UACR helps detect diabetic kidney disease, while foot examination can identify sensory loss, deformity, skin
abnormalities and ulceration risk [18,19].

The study showed the importance of examining not only clinical indicators but also the healthcare processes and
access barriers that influence long-term diabetes management. Screening coverage alone does not guarantee effective
prevention. The quality of assessment, communication of results, availability of treatment and completion of referrals
are equally important. These study indicated the importance of examining not only clinical indicators but also the
healthcare processes and access barriers that influence long-term diabetes management.

Objectives
The study aimed to assess glycemic control, antidiabetic pharmacotherapy, biochemical markers, treatment adherence,
preventive screening and healthcare access among adults with type 2 diabetes mellitus. Specific objectives included
determining the distribution of glycemic control according to HbA1c levels; describing the antidiabetic medications and
treatment regimen. The study also focus to evaluate the treatment, adherence, identifying patient-related, treatment-
related and financial barriers to consistent medication use.
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MATERIALS AND METHODS

A cross-sectional study was conducted at JPMC among adults with established T2DM attending the medicine
department, diabetes outpatient clinic. The study population include 200 participants aged 18 years or older with a
diagnosis of T2DM. Eligible patients were recruited consecutively until the calculated sample size was reached. Data
was collected using a structured questionnaire, review of clinical records, medication history, laboratory reports and
documented screening records. Sociodemographic and clinical variables include age, sex, BMI, diabetes duration,
smoking status, hypertension, dyslipidemia, cardiovascular disease and relevant comorbidities. Pharmacological
variables include medication classes, doses, treatment duration, combination therapy, insulin use, adverse effects and
recent treatment changes. Glycemic control was assessed using the most recent HbAlc measurement within a
prespecified period with fasting blood glucose. Biochemical assessment included serum creatinine, eGFR, UACR and
lipid profile were documented.

Healthcare access was evaluated through reported affordability of medicines, travel, transportation difficulties,
waiting time, availability of specialists, continuity of follow-up and access to diabetes education. Screening indicators
distinguish patients who had ever received screening and those screened within the recommended interval.

Statistical Analysis

Data were entered and analyzed using SPSS version 22. Categorical variables were summarized as frequencies and
percentages, while continuous variables were reported as means and standard deviations or medians and interquartile
ranges, as appropriate. Comparisons between groups were performed using the chi-square test for categorical variables
and the independent-samples t- test for continuous variables. Multivariable logistic regression was used to assess
factors associated with suboptimal glycemic control, poor adherence and inadequate screening. Effect estimates were
reported with 95% confidence intervals. A p value of <0.05 was considered as statistical significance.

RESULTS
The participants had a mean age of 54.8 years and men represented 54% of participants. More than one-third had
diabetes for at least ten years, while 66% had a BMI of at least 25 kg/m? (Table 1).

Hypertension affected 59% of the sample. These characteristics are important because longer diabetes duration,
excess body weight and hypertension contribute to higher cardiometabolic risk and the development of diabetes-related
complications (Table 2).

In the study, 58% of participants had an HbA1c of at least 7%, whereas 42% had HbA1lc below 7%. This pattern
indicated that suboptimal glycemic control was an important issue to investigate in the study population. Persistently
elevated HbA1lc indicate a need to review medication effectiveness, adherence, lifestyle factors, treatment affordability
and the frequency of clinical follow-up (Table 3).

Oral antidiabetic medications were used by 73% of participants in the study, while 19% received insulin and 48%
were recorded as receiving combination therapy. Metformin was the most frequently recorded individual medication
class, followed by sulfonylureas and DPP-4 inhibitors. SGLT2 inhibitors and GLP-1 receptor agonists were used by
smaller proportions (Table 4).

The screening indicators suggested that HbA1lc monitoring was more frequently documented than renal or retinal
screening. Regular HbA1lc monitoring was recorded for 77% of participants, compared with 61% for renal screening
and 57.5% for retinal screening,.

These differences may identify areas for further evaluation, particularly whether patients receive the recommended
screening at appropriate intervals and whether abnormal findings result in timely treatment

The study aims to evaluate whether medication-taking behavior and healthcare access are associated with glycemic
control and preventive screening. It was assessed by using a structured questionnaire and documented clinical records,
with explicit definitions for poor adherence, financial barriers and inadequate access (Table 5).

The indicators highlighted the glycemic control, cardiometabolic risk and preventive screening as key domains for
evaluating diabetes care.

Table 1: Demographic and Clinical Characteristics of Patients with Type 2 Diabetes Mellitus

Variable N(%age)
Total participants 200

Mean age, years 54.8+10.6
Male sex 108 (54%)
Female sex 92 (46%)
Diabetes duration, years 8.1+5.7
Diabetes duration 210 years 72 (36%)
BMI >25 kg/m? 132 (66%)
Hypertension 118 (59%)
Current smokers 32 (16%)
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Table 2: Distribution of Participants According to HbAlc Level

Glycemic category Participants, n (%)
HbAlc below 7% 84 (42%)
HbA1lc27% 116 (58%)
Total 200 (100%)
Table 3: Antidiabetic Treatment Patterns among the Study Participants
Treatment characteristic N (%)
Oral antidiabetic medication use 146 (73%)
Insulin use 38 (19%)
Combination therapy 96 (48%)
Metformin use 126 (63%)
Sulfonylurea use 62 (31%)
DPP-4 inhibitor use 48 (24%)
SGLT2 inhibitor use 34 (17%)
GLP-1 receptor agonist use 12 (6%)
Table 4: Available Indicators of Glycemic Monitoring and Preventive Screening
Indicator N (%)
Regular HbA1lc monitoring 154 (77%)
Renal screening 122 (61%)
Retinal screening 115 (57.5%)
Table 5: Overview of the Principal Study Indicators
Study domain Available finding Interpretation
Glycemic control 58% had HbAlc 7% Suboptimal control warrants evaluation
Body weight 66% had BMI 225 kg/m? Excess weight is an important risk factor
Hypertension 59% Cardiovascular risk management is relevant
Pharmacotherapy 73% used oral agents Medication use requires clinical-context assessment
HbAlc monitoring 77% A proportion lacked documented regular monitoring
Renal screening 61% Screening coverage requires verification
Retinal screening 57.5% Retinal assessment may be an important care gap
Medication adherence Not available Requires direct measurement
Healthcare access Not available Requires questionnaire or record-based assessment
DISCUSSION

The present study framework examines diabetes management as a multidimensional process involving glycemic
control, pharmacological treatment, biochemical monitoring, treatment adherence, preventive screening and healthcare
access. These domains are interdependent: appropriate medication selection is insufficient when adherence is poor and
good glycemic control alone does not ensure that retinal or kidney complications are detected early [20,21]. The findings
suggested that suboptimal glycemic control and incomplete preventive screening are important issues to investigate.
About 58% of participants had HbA1lc 27%, suggesting that a substantial proportion was require assessment of their
individualized glycemic targets and treatment response. The American Diabetes Association's Standards of Care
emphasize regular assessment of glycemic status and recommend more frequent monitoring when treatment goals are
not met or therapy has recently changed.

The findings are also relevant to the UK Prospective Diabetes Study (UKPDS 33), which demonstrated that improved
glycemic control in patients with newly diagnosed T2DM reduced microvascular complications. This evidence supports
the importance of sustained glycemic management, although the benefits of intensive treatment is balanced against
hypoglycemia risk and the patient's clinical circumstances [22].

Suboptimal HbA1lc resulted from inadequate treatment intensity, inconsistent medication use, dietary factors,
limited access to medicines or insufficient follow-up. The present study played an important role to distinguish these
potential contributors if adherence, treatment changes and healthcare-access variables.

Metformin was the most frequently recorded medication class, while SGLT2 inhibitors and GLP-1 receptor agonists
were less frequently used [23,24]. These findings describe treatment patterns only and does not interpreted as evidence
of underprescribing or inappropriate therapy without additional clinical information.

The American Diabetes Association recommends considering glucose-lowering agents with demonstrated
cardiovascular and renal benefits in appropriate patients with established atherosclerotic cardiovascular disease, heart
failure or chronic kidney disease [25].

Medication adherence is an important potential determinant of treatment effectiveness. A systematic review of 92 studies
of adherence and persistence with antidiabetic medication. Their findings indicated that adherence varied widely across
studies and was generally associated with better glycemic outcomes and, in several studies, fewer adverse clinical outcomes.
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Similarly, a systematic review and meta-analysis of oral antidiabetic medication adherence included 156 studies
and reported a pooled adherence proportion of 54% (95% CI 51-58%). Good adherence was associated with higher
odds of good glycemic control (OR 1.33,95% CI 1.17-1.51).

Biochemical monitoring is essential for identifying metabolic abnormalities and evaluating treatment safety. The
American Diabetes Association recommends systematic assessment of kidney health in people with diabetes and
emphasizes management of cardiovascular and renal risk [26].

The results indicate that retinal screening and renal screening were documented less frequently than regular HbAlc
monitoring. This pattern highlighted a potentially important distinction between monitoring glycemic control and
screening for end-organ complications.

The American Diabetes Association recommends a comprehensive eye examination at the time of diagnosis of
T2DM with subsequent intervals based on retinal findings and individual risk. Validated retinal photography help to
improve screening access where specialist availability is limited.

Similarly, kidney assessment and foot evaluation are essential components of comprehensive diabetes management
[27]. Healthcare access influence the continuity and quality of diabetes management through medicine affordability,
laboratory costs, travel requirements, waiting times, specialist availability and access to education [28,29]. These factors
are particularly relevant when patients require repeated monitoring and long-term pharmacotherapy.

A systemic review reported poor glycemic control across studies, with estimates ranging from 44.7-86.4%,
alongside variable treatment adherence, a substantial burden of complications and financial challenges [30].

A comprehensive diabetes-care strategy integrate glycemic monitoring, individualized pharmacotherapy,
medication-adherence support, renal, retinal screening, foot assessment and cardiovascular risk management. Patient
education and shared decision-making improve understanding of long-term treatment requirements, while simplified
regimens and affordable medicines help to reduce treatment interruptions [31,32]. At the service level, structured
diabetes registers, reminder systems, standardized screening checklists and coordinated referral pathways help to
identify patients who have missed essential assessments [33]. Where appropriate, retinal photography and coordinated
laboratory services improve access to preventive care.

The principal strength of this research question is its integrated approach to diabetes management. Rather than
focusing exclusively on HbA1c or the prevalence of complications, it considers the treatment and healthcare processes
that influence the prevention and early detection of multisystem disease.

CONCLUSION
Type 2 diabetes mellitus requires comprehensive long-term management that extends beyond glucose lowering to
include appropriate antidiabetic pharmacotherapy, biochemical monitoring, medication adherence, preventive
screening and reliable access to healthcare services. The findings indicated that suboptimal glycemic control and
incomplete documentation of preventive screening is important for evaluation in a hospital-based population.

The cross-sectional design identified patterns, associations and demonstrate that a particular intervention
prevented future complications.

Strengths of the Study:

e Comprehensive Assessment: Examined glycemic control, pharmacotherapy, biochemical markers, adherence,
screening and healthcare access within a single study framework

o Clinical Relevance: Addressed several potentially modifiable factors involved in the prevention and early detection
of diabetes-related complications

o Practical Application: Identified gaps in routine diabetes follow-up, laboratory monitoring and specialist screening

« Pharmacological Assessment: Allowed evaluation of medication classes and treatment regimens alongside
clinical and biochemical characteristics

« Healthcare-System Perspective: Incorporated affordability, continuity of care and access to diagnostic and
specialist services

« Potential for Quality Improvement: Findings informed patient education, screening reminders, referral pathways
and structured diabetes-care programs

Limitations of the Study:

o Cross-Sectional Design: Exposure and outcomes are assessed at approximately the same time, limiting conclusions
about temporal relationships and causality
« Potential Selection Bias: Hospital-based recruitment may not represent all people with T2DM in the community
e Generalizability: Resulted from a single institution may not apply to other hospitals, rural populations, or the
wider Pakistani population
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