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Abstract

Diabetes mellitus (DM) is a complex and widespread metabolic disorder marked by persistent

hyperglycemia resulting from defects in insulin secretion, insulin action, or both. Despite
advances in therapy, conventional treatment approaches often fail to address the individual
variability among patients, leading to suboptimal glycaemic control and increased risk of
complications. Recent advances in biomedical science have highlighted the importance of
biochemical markers in the early detection, classification, and management of diabetes. These
markers not only aid in disease monitoring but also support the development of personalized
treatment strategies aimed at improving patient outcomes. As the prevalence of DM continues
to rise globally, especially in developing regions, exploring the role of precision medicine
through biochemical and biometric profiling has become increasingly important in optimizing
care and reducing long-term complications. Samples were collected from different hospitals in
Diyala Governorate (Baquba Teaching Hospital- Diyala, Al-Zahraa Hospital- Shahraban and
Al-Khalis Hospital- Khalis).

The study included 90 patients with diabetes (T1DM, T2DM, and gestational diabetes). Their
ages ranged from 25 to 70 years. The male-female ratio was 38/52. The ratio of t T2DM diabetes
was 47/90, TIDM diabetes 17/90, and gestational diabetes 26/90. The duration of samples
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collection reached 10 months. This study analyses selected diabetes cases and explores the role
of biochemical markers in designing individualized therapies, which are: HbAlc, LDL, and
triglyceride in addition to the biometric variables: body weight and BMI.

Key findings demonstrate improved glycaemic control, reduced cardiovascular risks.

The results have shown that personalized biochemical markers-based therapies significantly
improve blood sugar control, reduce systemic inflammation, and reduce cardiovascular risk in
patients with diabetes. By tailoring treatment plans based on individual profiles, physicians are
able to achieve better overall outcomes, highlighting the potential of precision medicine in
diabetes management.

The present study emphasized the critical role of personalized medicine in follow — up of
diabetes patients, improving treatment efficacy, reducing side effects, and improving patient
outcomes.

Keywords: Gestational diabetes, Insulin resistance, biomarker Analysis, HbAlc.

Introduction

Diabetes is a global health challenge that chronically affects millions of people of all ages,
ethnicities, and socioeconomic backgrounds [1] [2]. The prevalence of diabetes is
hyperglycaemia [3], caused by defective insulin secretion, defective insulin action, or a
combination of the two, and continues to rise with aging, sedentary lifestyles, and dietary
changes [4]. DiabetesT2DM accounts for 90% of all cases, and the burden of this increase is
significant and has a profound impact on health care systems worldwide, requiring new
approaches to improve services and outcomes [5]. DM each subtype exhibits distinct
pathophysiological mechanisms clinical presentations and developmental patterns for example
[6] [3], TLDM is primarily autoimmune dysfunction and destruction of intestinal beta cells,
whereas T2DM is often caused by genetic associated with insulin resistance andp-cell
dysfunction due to environmental factors, presenting with GDM during pregnancy and
associated with fatal maternal health risks [7]. These differences in individual patient
characteristics emphasize the need for personalized treatment using biomarkers as an
important tool in personalized medicine research [8] [9]. These biomarkers provide insight into
the pathophysiology underlying DM, enabling the identification of patient subgroups and the
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development of appropriate treatment strategies [10] [11]. The integration of biomarker
assessment into clinical practice has revolutionized the management of DM [12] [13].
Traditional single-factor approaches often fail to account for individual differences in disease
progression, comorbidities, and response to treatment, and physicians’biomarker-
indexedstrategiesforspecificpatientsoftenyieldsuboptimalresults [14] [15]. As opposed to -you
can develop treatments based on profiles for example anti-inflammatory therapies targeting
elevated CRP [16], GLP-1 receptor agonists and SGLT2 inhibitors are expected to reduce
systemic inflammation and improve glycaemic control by identifying patients with specific
metabolic and cardiovascular risks [17] [18].

Biomarkers such as HbAlc, a key indicator of long-term glycaemic control [19]; LDL, a marker
of cardiovascular risk [20]; and triglycerides, linked to metabolic health, are vital for tailoring
therapies [21]. Additionally, biometric measures like body weight and BMI provide insights

into obesity-related risks, further aiding in individualized diabetes management strategies [22].

Material and Methods

Patient’s selection:

Selection Patients with confirmed diabetes were selected according to standardized diagnostic
criteria. Data on biomarkers, treatment regimens and clinical outcomes were collected. Patients
with different age, gender, and diabetes subtypes were selected.

Determination of the biochemical parameters:

This study focused on key biochemical markers relevant to glycaemic control, pancreatic
function, lipid metabolism, autoimmunity, and inflammation. HbAlc was measured to evaluate
long-term blood glucose regulation [19].

, While C-peptide levels provided insight into residual pancreatic beta cell activity [20],
particularly distinguishing between T1DM and T2DM. Triglycerides and LDL cholesterol were
assessed as indicators of dyslipidaemia and cardiovascular risk [21] [22]. Anti-GAD antibodies
served as autoimmune markers to confirm T1DM diagnosis [23] [24]. Additionally, emerging
inflammatory biomarkers such as visfatin and serum amyloid A (SAA) were Modified included

to explore their potential role in diabetes-related metabolic and inflammatory pathways [25]
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[26]. Data were obtained from patient medical records, encompassing routine lab tests and
specialized immunoassays.
Types of treatment and their Biochemical role:
Treatment Role: The treatment role was divided by the type of treatment prescribed, according
to the patient's medical records, respectively, with some specific interventions related to
(lifestyle modification through diet quality control, weight loss, exercise), and some patterns
leading to weight loss due to the type of medication originally prescribed. These were some of
the medications documented in the patients' records. Which are:
Metformin: to improve insulin sensitivity [27] [28]. GLP-1 and SGLT2 receptor blockers: to
help with weight loss and control blood sugar levels [29] [30].
Insulin therapy: for T2DM diabetes and some cases of gestational diabetes; DPP-4 inhibitors:
for patients with moderate hyperglycaemia [31] [32].
Statins: to reduce cardiovascular risk in patients with elevated LDL levels [33].
Anti-inflammatory agents: for patients with elevated CRP or IL-6 levels [34] [35].
Lifestyle modifications:

Dietary interventions: focused on reducing calories and improving macronutrient distribution.
Exercise programs: aimed at improving insulin sensitivity and weight control.
Outcome Assessment
Clinical outcomes were measured over a follow-up period of 8 to 10 months.
The main outcome measures were as follows: Glycaemic control: a decrease in HbAlc of at
least 1.0% was considered significant.
Weight loss: documented in patients receiving GLP-1 receptor agonists and SGLT2 inhibitors.
Reduction in cardiovascular risk: assessed by improvement in triglyceride and LDL cholesterol
levels.
Data Analysis:
Quantitative analysis: Outcome data were analysed for patients who showed significant
improvement in HbAlc and other therapeutic parameters. Predictors were identified from

biomarkers and a wide range of therapeutic interventions.
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Qualitative analysis: Case-based observations highlighted individual responses, especially in
complex cases, such as very high-risk and poorly controlled cases of T2DM diabetes. This
retrospective analysis included 90 diabetic patients, using biomarkers such as HbAlc, C-
peptide, triglycerides, and anti-GAD antibodies, as well as novel markers such as visfatin and
serum amyloid A. Therapeutics were categorized as biomarkers, health care contributors (e.g.,
metformin, GLP-1 therapy, therapeutic agents), and lifestyle modifications Outcomes such as
HbA1c, weight loss, and patient responsibility were recorded over 10 months.

Statistical Analysis:

Statistical Methods Used:

1. Paired Sample t-Test:

Purpose: To compare the mean values before and after treatment within the same group of
patients.

Application:

Applied to HbA1c levels, weight, BMI, LDL cholesterol, and triglyceride levels (as shown in
Tables 1, 2, and 3).

This test assessed whether the mean difference before and after treatment was statistically
significant.

Significance threshold: A p-value < 0.05 was considered statistically significant.

Rationale: The paired t-test is ideal when evaluating the impact of an intervention on the same
subjects over time.

2. Descriptive Statistics:

Mean + Standard Deviation (SD):

Reported to describe central tendency and variability for each parameter.

Useful for interpreting the average effectiveness of each treatment.

3. Subgroup Analysis:

Conducted to evaluate differences across diabetes subtypes (TLDM, T2DM, and GDM).
Allowed insights into treatment effectiveness across various clinical profiles.

4. Clinical Relevance vs. Statistical Significance:
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While statistical significance (p < 0.05) confirms that changes are unlikely due to chance,

Clinical relevance was also considered by identifying thresholds of improvement.

Results and Discussion

Male
49%

Female
51%

Figures 1: Distribution of the cases enrolled in the present study by gender.

GDM
18%

T2DM
57%

TiDM
25%

Figures 2: Distribution of the cases enrolled in the present study By Type of Diabetes.

Table 1: HbAlc level before and after Treatment

Treatment type HbAlc (%) | HbAlc (%) | p-value Notes
before after
treatment treatment
Metformin 92+11 7.7+0.9 <0.05 80% of GDM patients reached
HbAlc < 6.0%
GLP-1 Receptor 9.0+13 70x1.1 <0.05 Mean HbAlc reduction: 1.5%
Agonists
SGLT2 Inhibitors 9.1+£12 73+£10 <0.05 Mean HbAlc reduction: 1.5%
Insulin Therapy 94+14 78+13 <0.05 Used in TIDM and GDM; 80% of
GDM cases reached HbAlc < 6.0%
Lifestyle 88+1.0 74+11 <0.05 Effective in early-stage T2DM
Modifications
Combination Therapy | 9.3+1.3 72+1.0 <0.05 Often wused in T2DM with
obesity/metabolic syndrome
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Controlling blood sugar levels

Reducing HbA1c:

Overall improvement: 85% of patients achieved a clinically significant reduction in HbAlc of
at least 1.0%.

Subtype trends:

Patients taking GLP-1 receptor antagonists or SGLT2 inhibitors improved the most, with a mean
reduction in HbAlc of 1.5%. Gestational diabetes mellitus (GDM) patients treated with

metformin or insulin had normal HbAZlclevelsbelow 6.0% in 80% of cases (Table-1).

Table 2: Weight and BMI before and after treatment

Treatment type Weight Weight After | p-value BMI Before | BMI After | p-value
Before (kg) | (kg) (kg/m?) (kg/m?)

Metformin 85+ 10 82+9 <0.05 32+3.0 30.9+2.8 | <0.05
GLP-1 Receptor 88+ 12 82+11 <0.05 33+32 31431 <0.05
Agonists

SGLT?2 Inhibitors 87+11 83+10 <0.05 32.5+2.8 31+ 2.7 <0.05
Lifestyle Modifications | 84 +8 817 <0.05 31+£27 30+ 2.6 <0.05

Weight Loss

Patients on GLP-1 receptor agonists or SGLT2 inhibitors experienced the most significant
weight loss, with an average of 5-7% reduction in base line weight(table-2) [30] [29].
Weight loss was particularly pronounced in T2DM patients with obesity, contributing to

improved insulin sensitivity and cardiovascular risk profiles, table-2.

Table 3: Lipid profile levels (LDL and triglycerides before and after treatment).

Treatment type LDL Before | LDL  After | p-value Triglycerides | Triglycerid | p-value
(mg/dL) (mg/dL) Before es  After
(mg/dL) (mg/dL)

Metformin 140 + 20 120 £ 18 <0.05 180 v 25 155+ 20 <0.05

GLP-1 Receptor 145+ 22 115 +19 <0.05 185+ 30 150 + 22 <0.05

Agonists

SGLT2 Inhibitors 142 +18 118 £ 17 <0.05 182+ 28 160 £ 25 <0.05

Insulin Therapy 138 + 21 125+ 20 <0.05 175+ 22 165 +20 <0.05
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Reducing Cardiovascular Risk

Triglycerides and LDL cholesterol:Two studies have shown that 70% of patients with high
triglyceride levels (>175 mg/dL) achieved at least a 20% reduction when using GLP-1 receptor
agonists or statin therapy, Table-3 [21] [36] . LDL cholesterol levels also improved significantly
in patients taking statins, with a median reduction of 25 mg/dL as shown in table 3.

This study demonstrates the effectiveness of biomarker-based precision medicine in improving
outcomes for patients with different types of diabetes by aligning treatment strategies with
individual biochemical profiles [33] [37]. The reduction in systemic inflammation was strongly
associated with improved glycaemic control, suggesting a clear link between inflammatory
processes and insulin resistance. Markers such as C-reactive protein (CRP) and interleukin-6
(1L-6) decreased significantly in patients receiving anti-inflammatory therapies, such as GLP-1
receptor agonists and SGLT2 inhibitors, supporting their dual role in managing both glucose
metabolism and cardiovascular risk.

In TIDM patients, the presence of anti-GAD antibodies guided the application of
immunotherapy in conjunction with insulin, which enhanced glucose stability and reduced
insulin dependency [23] [24] [38]. Similarly, C-peptide levels were used to evaluate residual
beta-cell function, aiding in the distinction between T1DM and T2DM and helping to refine
treatment approaches. In T2DM, particularly among obese patients with elevated triglycerides
and LDL cholesterol, the use of GLP-1 receptor agonists, SGLT2 inhibitors, and statins resulted
in significant lipid profile improvements, contributing to reduced cardiovascular risk. These
patients also experienced weight loss and better glycaemic control, demonstrating the
multifaceted benefits of these medications [27] [28].

Gestational diabetes patients responded well to metformin and insulin, with rapid normalization
of fasting blood glucose and HbALlc levels, which is crucial for preventing adverse pregnancy
outcomes. HbAlc served as a consistent and reliable indicator of long-term glucose control
across all subtypes, with 85% of patients showing significant reductions following treatment.
Additionally, novel biomarkers like visfatin and serum amyloid A (SAA) were elevated in a

subset of T2DM patients with severe insulin resistance, indicating potential pathways for future
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targeted therapies. These markers may help identify patients at higher risk for complications
and guide the development of more personalized anti-inflammatory or metabolic interventions.
Despite these promising results, about 15% of patients did not experience marked improvement,
largely due to non-adherence or the presence of complex comorbidities. This highlights the
importance of integrating patient education and long-term monitoring into treatment plans.
Overall, this study reinforces the value of tailoring diabetes treatment to individual biomarker
profiles, offering a more precise and effective approach to managing this diverse and complex
disease.
Conclusion
This study highlights the value of biomarker-based strategies in improving diabetes
management through personalized treatment. Biomarkers such as C-peptide and GAD
antibodies improve diagnostic accuracy by distinguishing between T1IDM and T2DM. Tailored
therapies based on HbA1c levels support better glycaemic control, while interventions targeting
triglycerides and LDL reduce cardiovascular risk. Inflammatory markers like visfatin and SAA
provide insights into systemic inflammation, guiding anti-inflammatory treatment choices. The
results showed improved outcomes in glycaemic control, lipid profile, and inflammation for
most patients. However, around 15% showed limited improvement, mainly due to poor
adherence. Future directions include investigating new biomarkers, applying Al-based tools to
refine individualized care, and conducting long-term studies to assess sustained treatment
effectiveness.
Source of Funding: This research received no external funding
Conflict of Interest: The authors have no conflict of interest.
Ethical Clearance The samples were gained according to Local Research Ethics Committee
Approval in the College of Science, University of Diyala, No. 25 EC-62 in 9/2/2025
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