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Abstract

Type 2 diabetes mellitus (T2DM) is associated with complications driven by oxidative stress and metabolic
dysregulation. This cross-sectional study compared oxidative stress markers, lipid profiles, and glycemic control
in controlled vs. uncontrolled T2DM patients to elucidate the clinical implications of sustained hyperglycemia.
A cohort of 200 participants (100 controlled [HbAlc <7%] and 100 uncontrolled [HbAlc >7%]) was evaluated
for fasting blood glucose (FBG), HbA lc, lipid parameters (total cholesterol, LDL-C, HDL-C, triglycerides), and
oxidative stress biomarkers, including malondialdehyde (MDA), superoxide dismutase (SOD), glutathione
(GSH), catalase (CAT), and total antioxidant capacity (TAC). Statistical analyses employed independent t-tests,
Mann-Whitney U tests, and correlation coefficients (Pearson/Spearman).

Results revealed significantly elevated oxidative stress in uncontrolled T2DM, with higher MDA levels (5.2 +
1.3 vs. 3.1 + 0.8 nmol/mL, p<0.001) and reduced antioxidant activity (SOD: 12.4 £+ 2.1 vs. 18.6 + 3.0 U/mL;
GSH: 6.5 £ 1.2 vs. 9.8 £ 1.5 pumol/L, p<0.001). Uncontrolled patients exhibited worsened lipid profiles,
including elevated LDL-C (145 + 28 vs. 112 + 24 mg/dL), triglycerides (210 + 45 vs. 150 + 32 mg/dL), and
lower HDL-C (38 + 6 vs. 45 + 7 mg/dL, all p<0.001). Strong positive correlations emerged between HbAlc and
MDA (r=0.72), LDL-C (1=0.65), and triglycerides (r=0.68), while inverse correlations linked HbAlc to HDL-C
(r=-0.59), SOD (r=-0.71), and GSH (r=-0.63) (all p<0.001).

The findings underscore that uncontrolled T2DM is characterized by exacerbated oxidative stress and
dyslipidemia, driven by persistent hyperglycemia. These metabolic disturbances likely contribute to accelerated
vascular and end-organ damage. The study highlights the critical need for stringent glycemic control and
integrated management strategies targeting oxidative stress and lipid abnormalities to mitigate diabetes-related
complications. Further longitudinal research is warranted to explore causal mechanisms and therapeutic
interventions.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic
metabolic  disorder characterized by insulin
resistance and progressive f-cell dysfunction,
leading to sustained hyperglycemia and systemic
metabolic disturbances. Globally, its prevalence
continues to rise, with complications such as
cardiovascular disease (CVD), neuropathy, and
nephropathy contributing significantly to morbidity
and mortality.

While glycemic control remains a cornerstone of
diabetes =~ management, emerging evidence
underscores the interplay between hyperglycemia,
oxidative stress, and lipid dysregulation in driving
diabetic complications. This triad  of
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pathophysiological mechanisms creates a self-
perpetuating cycle, where hyperglycemia-induced
oxidative stress exacerbates lipid abnormalities,
further impairing glycemic control and accelerating
end-organ damage.

Oxidative stress arises from an imbalance between
reactive oxygen species (ROS) production and
antioxidant defense mechanisms. In T2DM,
chronic hyperglycemia promotes ROS generation
via multiple pathways, including glucose auto-
oxidation,  mitochondrial  dysfunction, and
advanced glycation end-product (AGE) formation.
These processes damage cellular macromolecules,
impair  insulin  signaling, and  promote
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inflammation, thereby worsening insulin resistance.
Concurrently, dyslipidemia—marked by elevated
triglycerides  (TG), low-density lipoprotein
cholesterol (LDL-C), and reduced high-density
lipoprotein cholesterol (HDL-C)—is a hallmark of
T2DM. Lipid abnormalities not only contribute to
atherosclerosis but also exacerbate oxidative stress
by promoting lipid peroxidation and endothelial
dysfunction.

Despite clinical guidelines emphasizing glycemic
targets (e.g., HbAlc <7%), a significant proportion
of T2DM patients remain uncontrolled, amplifying
their risk of complications. Previous studies have
independently explored oxidative stress or
dyslipidemia in T2DM, but few have
comprehensively compared these metabolic
derangements between controlled and uncontrolled
patients. Understanding the extent to which poor
glycemic control amplifies oxidative stress and
lipid profile abnormalities is critical for refining
therapeutic strategies and mitigating long-term
risks.

This study aims to investigate the differences in
oxidative stress biomarkers, lipid profiles, and
glycemic indices between controlled (HbAlc <7%)
and uncontrolled (HbAlc >7%) T2DM patients.
We hypothesize that uncontrolled diabetes is
associated with significantly higher oxidative
stress, worsened lipid parameters, and stronger
correlations between HbAlc and metabolic
dysregulation. By elucidating these relationships,
the study seeks to highlight the clinical urgency of
achieving glycemic targets and adopting integrated
approaches that address oxidative stress and
dyslipidemia in diabetes management.

Pathophysiology

Type 2 diabetes mellitus (T2DM) is characterized
by insulin resistance and f-cell dysfunction,
leading to chronic hyperglycemia and systemic
metabolic disturbances.

Persistent hyperglycemia drives oxidative stress,
lipid abnormalities, and glycemic dysregulation,
which are exacerbated in uncontrolled T2DM
(HbAlc =>7%) compared to controlled cases
(HbAlc <7%). This section delineates the
interconnected  pathophysiological ~mechanisms
underlying these processes.

1. Hyperglycemia-Induced Oxidative Stress:

Chronic hyperglycemia activates multiple pathways
that generate reactive oxygen species (ROS),
overwhelming endogenous antioxidant defenses.

Advanced Glycation End Products (AGEs):
Sustained high glucose promotes non-enzymatic
glycation of proteins and lipids, forming AGEs.
These bind to receptors (RAGE) on endothelial and
immune cells, activating NF-«xB and NADPH
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oxidase, thereby amplifying ROS production and
pro-inflammatory cytokines (Singh et al., 2014).

Polyol Pathway Activation: Excess glucose is
metabolized via the polyol pathway, converting
glucose to sorbitol using NADPH. NADPH
depletion reduces glutathione (GSH) regeneration,
a critical antioxidant, exacerbating oxidative stress
(Obrosova, 2005).

Mitochondrial ROS Overproduction:
Hyperglycemia  increases  electron  donors
(NADH/FADH2) in the mitochondrial electron
transport chain, causing electron leakage and
superoxide formation (Brownlee, 2005). This ROS
damages mitochondrial DNA and impairs ATP
synthesis, worsening cellular dysfunction.

Protein Kinase C (PKC) Activation:
Hyperglycemia-induced diacylglycerol (DAG)
activates PKC isoforms, which increase ROS
production and inhibit insulin signaling (Giacco &
Brownlee, 2010).

2. Consequences of Oxidative Stress:

ROS damage lipids, proteins, and DNA,
perpetuating insulin resistance and metabolic
dysregulation:

o Lipid Peroxidation: ROS oxidize LDL
particles, forming oxidized LDL (oxLDL),
which is atherogenic and promotes foam cell
formation  (Taskinen, 2003).  Elevated
malondialdehyde (MDA), a lipid peroxidation
marker, correlates with uncontrolled T2DM
(Maritim et al., 2003).

e Insulin Signaling Impairment: ROS inhibit
IRS-1 phosphorylation in the PI3K/Akt
pathway, reducing glucose uptake in skeletal
muscle and adipose tissue (Evans et al., 2003).

e Inflammation: NF-«B activation upregulates
TNF-a, IL-6, and CRP, further impairing
insulin sensitivity (Dandona et al., 2007).

3. Lipid Profile Abnormalities in T2DM:

Insulin resistance drives dyslipidemia via altered
lipid metabolism:

Increased Free Fatty Acids (FFAs): Adipose
tissue lipolysis releases FFAs, which are taken up
by the liver, stimulating VLDL synthesis and
hypertriglyceridemia (Taskinen, 2003).

Dysfunctional HDL: Glycation of HDL particles
reduces their capacity for reverse cholesterol
transport, lowering HDL-C levels (Betteridge,
2000).

Atherogenic LDL: Small, dense LDL particles are
more prone to oxidation and endothelial
infiltration, accelerating atherosclerosis
(Betteridge, 2000).

4. Glycemic Dysregulation Feedback Loops:
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Oxidative stress and dyslipidemia create a vicious
cycle:

p-Cell Dysfunction: ROS impair pancreatic B-cell
insulin secretion and promote apoptosis (Robertson
et al., 2003).

Ectopic Lipid Deposition: FFAs accumulate in
liver and muscle, inducing lipotoxicity and further
insulin resistance (Unger & Scherer, 2010).

5. Controlled vs. Uncontrolled T2DM:
Pathophysiological Divergence:

Controlled T2DM (HbAlc <7%): Glycemic
management mitigates ROS production and AGE
formation, preserving antioxidant defenses (e.g.,
SOD, GSH) and stabilizing lipid profiles (ADA,
2023). Reduced oxidative stress slows progression
of vascular complications.

Uncontrolled T2DM (HbAlc >7%): Persistent
hyperglycemia amplifies oxidative pathways,
depleting antioxidants and worsening dyslipidemia.
Elevated MDA, triglycerides, and LDL-C with
reduced HDL-C (as reported in the study) reflect
this  exacerbation, accelerating nephropathy,
retinopathy, and cardiovascular disease (Rochette
etal., 2014).

The pathophysiology of T2DM underscores a self-
perpetuating triad of hyperglycemia, oxidative
stress, and dyslipidemia. Uncontrolled diabetes
intensifies these mechanisms, hastening end-organ
damage. The study highlights the clinical
imperative of stringent glycemic control (per ADA
guidelines) and antioxidant/lipid-lowering therapies
to disrupt this cycle.

Discussion

The findings of this comparative study between
controlled and uncontrolled type 2 diabetes mellitus
(T2DM) patients underscore the profound
metabolic derangements associated with poor
glycemic control, particularly in oxidative stress,
lipid profile abnormalities, and glycemic
dysregulation. This discussion interprets these
findings within the broader context of existing
literature, explores mechanistic insights, addresses
clinical implications, acknowledges limitations, and
proposes future research directions.

Interpretation of Findings;

Uncontrolled T2DM (HbAlc =>7%) exhibited
significantly elevated oxidative stress markers,
such as malondialdehyde (MDA), and reduced
antioxidant defenses (e.g., superoxide dismutase
[SOD], glutathione [GSH]), compared to controlled
patients (HbAlc <7%). These results align with the
mechanistic understanding that chronic
hyperglycemia drives oxidative stress through
multiple pathways. For instance, hyperglycemia-
induced mitochondrial reactive oxygen species
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(ROS) overproduction, as described by Brownlee
(2005), and the formation of advanced glycation
end products (AGEs) (Giacco & Brownlee, 2010)
likely contribute to the observed oxidative
imbalance. The depletion of antioxidants such as
SOD and GSH in uncontrolled T2DM further
exacerbates cellular damage, creating a milieu
conducive to diabetic complications.

The worsened lipid profile in uncontrolled
T2DM—marked by elevated LDL-C, triglycerides,
and reduced HDL-C—reflects the interplay
between insulin resistance and dyslipidemia.
Insulin resistance promotes adipose tissue lipolysis,
increasing free fatty acids (FFAs) that drive hepatic
VLDL synthesis (Taskinen, 2003). Additionally,
glycation of HDL particles impairs their
cardioprotective functions (Betteridge, 2000), while
oxidized LDL particles enhance atherogenesis.
These lipid abnormalities not only contribute to
cardiovascular risk but also perpetuate oxidative
stress through lipid peroxidation, as evidenced by
the strong correlation between HbAlc and MDA in
this study.

Comparison with Previous Studies:

Our findings corroborate earlier research
demonstrating heightened oxidative stress and
dyslipidemia in poorly controlled T2DM. Maritim
et al. (2003) similarly reported reduced antioxidant
levels in hyperglycemic states, while Taskinen
(2003) highlighted the atherogenic lipid profile in
insulin-resistant  individuals. However, some
studies have reported variable associations between
HbA 1c and specific antioxidants, potentially due to
differences in population characteristics or
measurement techniques. For example, variations
in diabetes duration or comorbidities like obesity
may modulate oxidative stress pathways,
underscoring the need for standardized biomarkers
in future research.

Mechanistic Insights:

The vicious cycle linking hyperglycemia, oxidative
stress, and dyslipidemia is central to T2DM
pathophysiology. Hyperglycemia generates ROS,
which impair insulin signaling via inhibition of the
PI3K/Akt pathway (Evans et al., 2003), worsening
glycemic control. Concurrently, dyslipidemia-
driven oxidative stress (e.g., via oxidized LDL)
exacerbates endothelial dysfunction and
inflammation (Dandona et al., 2007), further
accelerating complications. This bidirectional
relationship highlights why uncontrolled T2DM
patients face a disproportionately higher risk of
cardiovascular and microvascular diseases.

Clinical Implications: The study reinforces the
necessity of stringent glycemic control (HbAlc
<7%) to mitigate oxidative and lipid-related
damage. However, management must extend
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beyond glucose-lowering to address dyslipidemia
and oxidative stress. Statins remain cornerstone
therapies for LDL-C reduction, while emerging
evidence supports the potential role of antioxidants
like alpha-lipoic acid in improving insulin
sensitivity (Rochette et al., 2014). Clinicians should
prioritize individualized treatment plans that
integrate lifestyle modifications, pharmacological
agents, and regular monitoring of oxidative and
lipid biomarkers.

Uncontrolled T2DM is characterized by a
detrimental triad of hyperglycemia, oxidative
stress, and dyslipidemia, which synergistically
drive complications. This study highlights the
critical need for integrated management strategies
that address all three components. By elucidating
the metabolic divergence between controlled and
uncontrolled T2DM, our findings advocate for
personalized approaches to diabetes care,
emphasizing early intervention and holistic risk
factor modification.

Limitations:

This study has several limitations. Its cross-
sectional design precludes causal inferences, and
the reliance on HbAlc as the sole glycemic marker
may overlook glycemic variability. Unmeasured
confounders, such as dietary habits or concomitant
medications, could influence oxidative and lipid
profiles. Future studies should incorporate
longitudinal ~ designs,  continuous  glucose
monitoring, and inflammatory markers (e.g., CRP)
to provide a more comprehensive assessment.

Future Directions

Longitudinal studies are needed to establish
temporal relationships between glycemic control
and metabolic derangements. Interventional trials
could evaluate the efficacy of combined therapies
targeting glucose, lipids, and oxidative stress (e.g.,
SGLT?2 inhibitors with antioxidants). Additionally,
exploring novel biomarkers, such as mitochondrial
DNA damage or specific oxidized lipids, may
enhance risk stratification in T2DM.

Materials and Methods

Study Design and Participants: This cross-
sectional comparative study was conducted at
[Department of Biochemistry, SKIMS-MCH, and
Bemina Srinagar] for a period of over one year. A
total of 200 adults diagnosed with Type 2 Diabetes
Mellitus (T2DM) were enrolled, stratified into two
groups:

Controlled T2DM (n = 100): HbAlc <7% (per
ADA guidelines).

Uncontrolled T2DM (n = 100): HbAlc >7%.

Participants were recruited from the diabetes
outpatient clinic and screened for eligibility.
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Written informed consent was obtained, and the
study protocol was approved by the Institutional
Ethics Committee.

Inclusion and Exclusion Criteria:
Inclusion Criteria:

e Adults aged 30-70 years with confirmed
T2DM (diagnosed per ADA criteria: fasting
blood glucose >126 mg/dL or HbAlc >6.5%).

o« Stable on antidiabetic  therapy (oral
hypoglycemics or insulin) for >6 months.

Exclusion Criteria:

e Type 1 diabetes, gestational diabetes, or
secondary diabetes.

e Acute diabetic complications (e.g.,
ketoacidosis) or severe comorbidities (e.g.,
cancer, hepatic/renal failure).

o Recent infections, surgery, or hospitalization
within the past 3 months.

e Pregnancy or lactation.

e Use of antioxidants (e.g., vitamin E/C
supplements) within the past 4 weeks.

Sample Size Calculation

The sample size was determined using G Power 3.1
software, based on a pilot study showing a mean
difference in malondialdehyde (MDA) levels of 1.5
nmol/mL between groups. With an effect size of
0.8, a = 0.05, and power = 80%, the required
sample size was 90 per group. To account for
attrition, 100 participants per group were recruited.

Data Collection
Demographic and Clinical Data:

Baseline variables: Age, sex, BMI, diabetes
duration, smoking status, and current medications.

Blood pressure: Measured using a calibrated
sphygmomanometer.

Biochemical Parameters: Fasting blood samples
(12-hour overnight fast) were collected in EDTA
and plain vacutainers. Serum/plasma was separated
via centrifugation (3,000 rpm, 15 min) and stored at
—80°C until analysis.

1) Glycemic Markers:

Fasting Blood Glucose (FBG): Enzymatic
colorimetric assay (Glucose Oxidase-Peroxidase
method).

HbA1c: High-performance liquid chromatography
(HPLC; Bio-Rad D-10™ analyzer).

2) Lipid Profile:

e Total Cholesterol (TC), Triglycerides (TG),
HDL-C: Enzymatic assays (Roche
Diagnostics® kits).
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e LDL-C: Calculated wusing Friedewald’s
formula (LDL-C = TC — HDL-C — TG/S).

3) Oxidative Stress Biomarkers:

a) Malondialdehyde (MDA): Quantified via
thiobarbituric acid reactive substances (TBARS)
assay (Ohkawa et al., 1979).

b) Superoxide Dismutase (SOD):
Spectrophotometric assay based on inhibition of
nitroblue tetrazolium reduction (McCord &
Fridovich, 1969).

¢) Glutathione (GSH): Measured using Ellman’s
reagent (5,5'-dithiobis-2-nitrobenzoic acid; DTNB).

d) Total Antioxidant Capacity (TAC): Ferric
reducing antioxidant power (FRAP) assay.

Quality Control

o Calibration: All assays were calibrated using
manufacturer-provided standards.

o Inter- and Intra-Assay Variability: CV% <10%
for all biochemical parameters.

o Blinding: Laboratory technicians were blinded
to group assignments.

Statistical Analysis: Data were analyzed using
SPSS v.28.0. Continuous variables were expressed
as mean = SD or median (IQR), and categorical
variables as frequencies (%). Normality was
assessed via Shapiro-Wilk test.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

e Multivariate Analysis: Linear regression
models adjusted for age, sex, and BMI.
o Significance Threshold: p < 0.05 (two-tailed).

Ethical Considerations

The study adhered to the Declaration of Helsinki.
Confidentiality was maintained via anonymized
data coding. Participants received no financial
incentives.

Operational Definitions

e  Controlled T2DM: HbAlc <7% (ADA, 2023).
e Uncontrolled T2DM: HbA1lc >7%.

Observations and Results

The study compared oxidative stress markers, lipid
profiles, and glycemic indices between 100
controlled (HbAlc <7%) and 100 uncontrolled
(HbAlc >7%) type 2 diabetes mellitus (T2DM)
patients. Below is a comprehensive presentation of
the findings, organized by key variables and their
clinical relevance.

1. Demographic and Baseline Characteristics:

Both groups were well-matched for age, sex, and
diabetes duration (p > 0.05), minimizing
confounding effects (Table 1).

e Age: Controlled group (55.3 + 8.2 years) vs.
uncontrolled group (56.1 + 7.9 years; p =
0.42).

e Group Comparisons: e Sex: Male:female ratio (52:48 vs. 54:46; p =
o Independent t-test (normally distributed data). 0.76).
e Mann-Whitney U test (non-normal data). « BMI: Controlled (284 + 3.1 kg/m?) vs.
e Correlations: Pearson/Spearman coefficients to uncontrolled (29.0 + 3.5 kg/m?; p = 0.18).
assess relationships between HbA lc, oxidative e Diabetes Duration: Controlled (7.2 + 2.5 years)
stress markers, and lipid parameters. vs. uncontrolled (7.8 + 3.1 years; p = 0.12).
Table 1: Baseline Characteristics:
Variable Controlled T2DM (n=100) Uncontrolled T2DM (n=100) p-value
Age (years) 55.3+8.2 56.1+79 0.42
Male Sex (%) 52 54 0.76
BMI (kg/m?) 28.4+3.1 29.0+3.5 0.18
Diabetes Duration (yrs) 7.2+£25 7.8+£3.1 0.12
Current Smokers (%) 18 22 0.45

2. Glycemic Control Parameters:

Uncontrolled T2DM patients exhibited
significantly elevated glycemic indices compared
to controlled counterparts:

e HbAlc: 8.9+ 1.2%vs. 6.4+ 0.5% (p <0.001).
e Fasting Blood Glucose (FBG): 178 + 32
mg/dL vs. 124 + 18 mg/dL (p < 0.001).

3. Oxidative Stress Biomarkers:

Table 2: Oxidative Stress Markers (Mean =+ SD):

Marker Controlled T2DM Uncontrolled T2DM p-value | Effect Size (Cohen’s d)
MDA (nmol/mL) 3.1+0.8 52+13 <0.001 1.92 (Large)

SOD (U/mL) 18.6+£3.0 124+2.1 <0.001 2.31 (Large)

GSH (pmol/L) 98+15 6.5+12 <0.001 2.28 (Large)

TAC (mmol/L) 14+03 0.9+0.2 <0.001 1.85 Large)
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Key Observations:

v MDA: A 67.7% increase in lipid peroxidation
in uncontrolled T2DM (p < 0.001).

v Antioxidant Defenses: SOD and GSH levels
were 33.3% and 33.7% lower, respectively, in
uncontrolled patients.
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v" TAC: Total antioxidant capacity was 35.7%
reduced in uncontrolled T2DM, indicating
systemic oxidative imbalance.

4. Lipid Profile Abnormalities:

Table 3: Lipid Parameters (Mean = SD):

Parameter Controlled T2DM Uncontrolled T2DM p-value
Total Cholesterol (mg/dL) 182 +28 218 +£34 <0.001
LDL-C (mg/dL) 112+24 145+ 28 <0.001
HDL-C (mg/dL) 457 386 <0.001
Triglycerides (mg/dL) 150 + 32 210+45 <0.001

Key Observations:

v" LDL-C: 29.5% higher in uncontrolled T2DM
(p <0.001).

v’ Triglycerides: 40% elevation in uncontrolled
group (p <0.001).

v" HDL-C: 15.6% reduction in uncontrolled
T2DM (p < 0.001).

5. Correlation Analysis:

Table 4: Correlations between HbAlc and Metabolic Parameters (Pearson’s ‘r’)

Parameter r-value p-value

MDA 0.72 <0.001

SOD -0.71 <0.001

LDL-C 0.65 <0.001

Triglycerides 0.68 <0.001

HDL-C -0.59 <0.001

Key Findings: MDA and 18% lower HDL-C than
. . -

v Strong Positive Correlations: HbAlc normotensive uncontrolled patients (p < 0.05).

correlated strongly with MDA, LDL-C, and
triglycerides, indicating that poor glycemic
control exacerbates oxidative stress and
dyslipidemia.

v' Inverse Correlations: HbAlc inversely
correlated with HDL-C and antioxidants
(SOD, GSH), suggesting that hyperglycemia
depletes endogenous defenses.

6. Multivariate Regression Analysis:
After adjusting for age, sex, and BMI:

o HbAIlc independently predicted MDA (f =
0.61, p<0.001), LDL-C (B = 0.54, p < 0.001),
and triglycerides ( = 0.58, p <0.001).

« Diabetes Duration showed weaker
associations (B = 0.21 for MDA, p =0.03).

7. Subgroup Analysis:

o Hypertensive Patients (n = 65): Uncontrolled
T2DM with hypertension had 23% higher
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o Statin Users (n = 70): Statin therapy modestly
attenuated LDL-C (12% reduction) but did not
significantly improve oxidative stress markers
in uncontrolled T2DM (p > 0.05).

8. Clinical Outcomes:

e Microvascular Complications: Uncontrolled
T2DM had higher prevalence of retinopathy
(32% vs. 12%) and neuropathy (28% vs. 10%)
(p <0.01).

o Cardiovascular Risk: 78% of uncontrolled
patients had a 10-year ASCVD risk score
>10% vs. 45% in controlled group (p < 0.001).

Interpretation through Pie Charts and

Histograms:

o Pie charts: lipid profile abnormality in both
groups

Histograms cach for: HbAlc, MDA, and LDL —
showing distribution in both groups.
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Figure 1:

Pie Charts: Show the percentage of individuals
with abnormal lipid profiles in both controlled and
uncontrolled groups.

Histograms:

e HbAlc: Controlled group shows tighter, lower
range; uncontrolled group has a broader,
higher distribution.

« MDA (oxidative stress marker): Higher in the
uncontrolled group.

e LDL: Elevated levels in the uncontrolled group
with a wider spread.

Summary of Key Results:

1) Glycemic Control: Uncontrolled T2DM had
HbAlc levels 39% higher than controlled
patients.

2) Oxidative Stress: MDA levels were 67.7%
elevated, with antioxidant defenses (SOD,
GSH) reduced by one-third.

3) Lipid Profile: Atherogenic dyslipidemia
(TLDL-C, 1TG, |HDL-C) was prominent in
uncontrolled T2DM.

4) Correlations: HbAlc strongly correlated with
oxidative stress and lipid abnormalities,
independent of confounders.

5) Uncontrolled T2DM is marked by severe
oxidative stress, atherogenic dyslipidemia, and
poor glycemic control, all of which
synergistically elevate cardiovascular and
microvascular risks. These findings underscore
the imperative for aggressive, multifaceted
management targeting hyperglycemia,
oxidative imbalance, and lipid abnormalities in
T2DM.
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Conclusion: This comparative study elucidates the
profound metabolic disparities between controlled
and uncontrolled type 2 diabetes mellitus (T2DM),
emphasizing the triad of oxidative stress,
dyslipidemia, and glycemic dysregulation as key
drivers of diabetic complications. The findings
underscore that uncontrolled T2DM (HbAlc >7%)
is associated with significantly elevated oxidative
stress markers, including malondialdehyde (MDA),
and depleted antioxidant defenses (e.g., superoxide
dismutase, glutathione), alongside a proatherogenic
lipid profile characterized by elevated LDL-C,
triglycerides, and reduced HDL-C. These metabolic
derangements were strongly correlated with HbAlc
levels, highlighting the central role of sustained
hyperglycemia in perpetuating a vicious cycle of
oxidative damage, insulin resistance, and end-organ
injury.

Clinically, uncontrolled T2DM patients exhibited a
markedly higher prevalence of microvascular
complications  (retinopathy, neuropathy) and
cardiovascular risk compared to their controlled
counterparts. These outcomes underscore the
imperative for stringent glycemic control, as
recommended by current guidelines, while also
advocating for integrated therapeutic strategies that
address oxidative stress and dyslipidemia.

Interventions such as antioxidant supplementation
(e.g., alpha-lipoic acid) and aggressive lipid-
lowering therapies (e.g., statins, PCSK9 inhibitors)
may complement glucose-lowering regimens to
mitigate complication risks.

However, this study has limitations. Its cross-
sectional design precludes causal inferences, and
reliance on HbAlc as the sole glycemic marker
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may overlook glycemic variability. Unmeasured
confounders, including dietary habits, physical
activity, and genetic factors, could further influence
oxidative and lipid profiles. Future research should
adopt longitudinal designs to establish temporal
relationships and explore interventional trials
evaluating combinatorial therapies targeting
hyperglycemia, oxidative stress, and dyslipidemia.
Additionally, investigating novel biomarkers (e.g.,
mitochondrial DNA damage, oxidized LDL
subspecies) could enhance risk stratification and
personalize management.

In conclusion, uncontrolled T2DM represents a
state of accelerated metabolic dysfunction,
necessitating a paradigm shift from isolated
glycemic management to holistic, multifactorial
care. By addressing oxidative stress and lipid
abnormalities alongside hyperglycemia, clinicians
can disrupt the pathophysiological cascade driving

diabetic complications, ultimately improving
patient outcomes and quality of life.
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