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Metabolic imbalance is a preclinical mechanism that silent process
that follows the development of overt disease and is tightly
associated with the oxidative stress and the low-grade chronic
inflammation. The objective of the study was to examine the
association between the serum antioxidant enzymes, such as
superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx), and the metabolic, inflammatory, and
physiological biomarkers in seemingly healthy adults. The study was
a cross-sectional analytical study of 180 adults (20-55 years). The
biochemical and physiological parameters were analyzed (28 in total,
which included the markers of oxidative stress), such as SOD, CAT,
GPx, total antioxidant capacity (TAC), malondialdehyde (MDA),
and GSH/GSSG ratio), glycemic indices (fasting blood glucose
(FBG), HbAlc, insulin, and HOMA-IR), lipid profile (total
cholesterol (TC), LDL, HDL, triglycerides (TG), and atherogenic
index of plasma (AIP)), inflammatory markers (hs-CRP, IL-6, TNF-
a), adipokines (leptin and adiponectin), anthropometric indices
(BMI, waist circumference, body fat percentage), and blood
pressure. There were notable changes in the antioxidant enzyme
activity of those people with early metabolic aberrations. SOD and
GPx also exhibited strong negative relationships with BMI,
triglycerides, HOMA-IR, hs-CRP, and IL-6 (p < 0.01), which
showed that the lower the metabolic status, the less the antioxidant
protection. Conversely, CAT activity showed a compensatory
increment at the initial phases of metabolic disequilibrium. The
multivariate regression analysis found HOMA-IR, AIP, and IL-6 to
be the independent predictor of reduced antioxidant capacity. These
results imply that serum antioxidant enzyme can be used as an early
integrative biomarker to indicate the presence of subclinical
metabolic dysregulation in otherwise healthy people.
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1- INTRODUCTION

The metabolic, hormonal, inflammatory and molecular regulatory pathways interact in a complex manner
to provide metabolic homeostasis which ensures the maintenance of appropriate energy balance and cellular
functioning [1]. Disruption of these interdependent systems can cause a phenomenon called metabolic imbalance
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which is an early preclinical phase that is antecedent to the emergence of metabolic disorders such as insulin
resistance, obesity, type 2 diabetes mellitus and cardiovascular diseases [2]. It is important to note that such
disturbances can take place in individuals that seem to be clinically well, whereas there are biochemical and
molecular changes that are already subtle, yet occurring [3].

Oxidative stress is one of the most significant processes that accompany the development of metabolic imbalance
and occurs due to a disproportion between the generation of reactive oxygen species (ROS) and the neutralizing
power of the antioxidant defense system of the body [4]. Whilst ROS are normal physiological byproducts of cell
metabolism with important functions in intracellular signaling, high levels of ROS can lead to lipid, protein and
nucleic acid damage that results in cellular dysfunction and metabolic imbalances [5]. A number of important
metabolic and inflammatory pathways have been strongly correlated with oxidative stress. High ROS concentrations
may also impair insulin signaling and lead to the onset of insulin resistance, as well as facilitating lipid peroxidation
and adipocyte dysfunction [6]. Moreover, oxidative stress may trigger the activation of inflammatory signaling
pathways, specifically by the activation of transcription factors such as NF- 8B, which promote the expression of
pro-inflammatory cytokines, including tumor necrosis factor- alpha (TNF- 8B) and interleukin- 6 (IL- 6). These
inflammation effects also increase the metabolic imbalances and lead to the development of metabolism disorders
[7]. Simultaneously, an effective endogenous antioxidant defense mechanism mediates cellular protection against
oxidative damages. The main enzymatic antioxidants are superoxide dismutases (SOD), catalase (CAT), and
glutathione peroxidase (GPx) acting in synergy to counter the reactive oxygen species, and to preserve the redox
balance in cells [8]. These enzymes are partly regulated by redox-sensitive transcriptional regulators like Nrf2 that is
a key mediator of antioxidant response signaling, and cell defence against oxidative damage [9]. Although there has
been increased awareness of oxidative stress as an underlying cause of metabolic dysfunction, the majority of the
past researches have involved patients with known metabolic illnesses [10]. Conversely, there is a dearth in the
literature on how antioxidant defense mechanisms relate to the occurrence of early metabolic disturbances in
seemingly healthy populations, in which subtle physiological changes may be antecedents of clinical disease over a
number of years [11].

In turn, early biomarkers that are resilient to indicate the interactivity between oxidative stress and metabolic control
and inflammatory, thus, is of critical importance in amplifying early diagnosis and prevention mechanisms. The
enzymes present in serum as antioxidants may be considered potential biomarkers because the level of their activity
is a marker of the redox condition of the entire body and the adaptation of the body to metabolic-related stress
factors [12]. Accordingly, the present study aims to evaluate whether serum antioxidant enzymes—particularly
SOD, CAT, and GPx—can serve as integrative early indicators of metabolic, inflammatory, and molecular
imbalance in apparently healthy individuals. By examining their relationships with metabolic and inflammatory
parameters, this study seeks to provide further insight into the early biological processes underlying metabolic
dysregulation [13].

2- MATERIALS AND METHOD

2.1 Study Design and Population

The current analytical cross-sectional study will be carried out between January and December 2025 in
primary care centers and preventive clinics across Kirkuk. Eligibility criteria were designed to recruit a stable
metabolically population of apparently healthy adults (90 males and 90 females) aged between 20-55 years to
achieve a total of 180 participants. The subjects had to be free of chronic diseases, had not smoked, and did not have
antioxidant supplements or drugs that could interfere with oxidative stress biomarkers. Patients who had diabetes
mellitus, cardiovascular disease, chronic liver or kidney disease, chronic inflammatory disease, or were pregnant
were screened out to avoid possible confounding factors. The Ethical Committee of University of Kirkuk approved
the study protocol and all participants were informed and gave informed consent before being enrolled in the study.

2.3 Anthropometric and Physiological Measurements

The anthropometric and physiological measurements were acquired in a standardized way. Calibrated
scales and stadiometers were used to measure the body weight and height, and the body mass index (BMI) was
calculated by dividing the weight in kilograms by the height in meters squared (kg/m2). A non-stretchable
measuring tape was used to measure the waist circumference (WC) at the location between the iliac crest and the
lower edge of the final rib. Bio electrical impedance analysis was used to determine body fat percentage under
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standard conditions. A validated automated sphygmomanometer was used to record systolic and diastolic blood
pressure (SBP and DBP) when the participants had at least 5 minutes of rest in a seated position [14].

2.4 Blood Sample Collection

Following the 10 -12 hours of an overnight fast, 10 mL of venous blood was taken out of each participant
under aseptic conditions. The samples were subdivided into plain tubes, on which serum separation was done and
whereas the EDTA-containing tubes were used when the need arose to do further biochemical tests. The serum was
centrifuged and then aliquoted to evaluate antioxidant, metabolic, lipid, and hormonal markers, and whole blood in
EDTA tubes was stored to be further used in molecular tests. All the serums were kept at -80 o C pending additional
biochemical analysis [15].

2.5 Biochemical Analyses
A. Oxidative Stress Markers

The SOD activity was calculated by the pyrogallol autoxidation inhibition method, whose principle is that
the enzyme inhibits the pyrogallol autoxidation activity. The activity of catalase (CAT) was determined by the rate
of decomposition of hydrogen peroxide spectrophotometrically [16]. The performance of Glutathione peroxidase
(GPx) was measured in the context of the NADPH oxidation method in which the reduction in the NADPH
absorbance is a measure of enzyme activity [17]. A commercially available colorimetric assay kit was used to
determine total antioxidant capacity (TAC) based on the instructions of the manufacturer. The amount of lipid
peroxidation, expressed in terms of malondialdehyde (MDA) was determined using the thiobarbituric acid reactive
substances (TBARS) assay [18]. An enzymatic recycling approach was done to determine the reduced-to-oxidized
glutathione ratio (GSH/GSSG) [19].

B. Glycemic Profile

The glucose oxidase enzyme method evaluated the level of fasting blood glucose (FBG). The measurement
of glycated hemoglobin (HbAlc) was performed using high-performance liquid chromatography (HPLC) [20].
Sandwich ELISA was used to measure the fasting insulin levels. The Homeostatic Model Assessment of Insulin
Resistance (HOMA-IR) was used as a measure of insulin resistance; this was calculated as (FBG x fasting insulin)/
22.5. The insulin sensitivity was also measured by Quantitative Insulin Sensitivity Check Index (QUICKI) which
was computed as 1/[log(fasting insulin) + log(FBG)] = 1/1 + [log(insulin) + log(BG)] [21].

C. Lipid Profile

An enzymatic colorimetric measurement of total cholesterol was done. A direct enzymatic assay was used
to measure high-density lipoprotein cholesterol (HDL-C) and the Friedewald formula was used to compute low-
density lipoprotein cholesterol (LDL-C). Enzymatic analysis of triglycerides was done. The difference between the
total cholesterol and HDL-C was used as non-HDL cholesterol. Atherogenic index of plasma (AIP) was computed
as the logarithmic of triglycerides/HDL-C which is used to measure cardiovascular risk [22].

D. Inflammatory Markers

ELISA was used to determine the level of high-sensitivity C-reactive protein (hs-CRP). Interleukin-6 (I1L-6)
and tumor necrosis factor-alpha (TNF-o) were measured by commercial ELISA kits based on the instructions of the
manufacturers. The level of serum ferritin was identified by immunoassay [23].

E. Hormonal and Adipokine Assessment

The leptin and adiponectin serum concentrations were determined by ELISA kits. The ELISA methodology
was used to determine cortisol levels. The concentration of thyroid-stimulating hormone (TSH) was analyzed with a
chemiluminescent immunoassay [24].

2.6 Statistical Analysis

The SPSS (version 26) was used to conduct statistical analysis. The normality of data was checked before
the analysis. mean + SD were used to portray continuous variables. Group comparisons were done using
independent t-test as this is appropriate. Pearson correlation and multiple linear regression were used. A p-value <
0.05 was taken as being significant.
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3- RESULTS AND DISCUSSION

Table 1 summarizes the baseline characteristics of the study participants and Figure 1 illustrates the same.
The research samples were 180 seemingly healthy adults (90 men and 90 women) with a mean age of 36.4 £ 8.2
years of age. Although there is no known diagnosed metabolic disease, the average body mass index (BMI) (27.1 +
3.9 kg/m2) shows a tendency towards the overweight.

Table (1): Baseline Demographic, Anthropometric, and Clinical Characteristics of the Study Participants

Parameter Mean = SD / n (%)
Age (years) 36.4+8.2
Male/Female 90/90

BMI (kg/m?) 27.1+39
Overweight (BMI 25-29.9) 68 (38%)

Obesity (BMI >30) 47 (26%)

Waist Circumference (cm) 925+104

Body Fat % 28.2+7.1
SBP/DBP (mmHg) 123+14/79+9

As Table 1 indicates, a significant percentage of participants was overweight (38%), or even obese (26%), indicating
that there are early anthropometric risk factors related to metabolic disorders. Unwanted adiposity and especially
central fat is dynamically active and leads to the release of pro-inflammatory cytokines and adipokines [25]. High
waist circumference (92.5 + 10.4 cm) and body fat percentage (28.2 + 7.1) demonstrated in Figure 1 are also the
signs of the central adiposity as it is highly associated with the insulin resistance and cardiometabolic risk. Also, the
mean rates of blood pressure (123 + 14 / 79 + 9 mmHg) were close to the upper limit implying that there might have
been some early changes in the vascularity [26].
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Fig (1): Distribution of Anthropometric and Physiological Parameters in the Study Population

These results imply that a clinically healthy person can have the presence of concealed risk factors associated with
metabolism [27].

3.1 Oxidative Stress Markers

It was also found that there was significant difference in the biomarkers of oxidative stress in the two
groups as showcased in Table 2 and Figure 2. The SOD, GPx, TAC and GSH/GSSG ratio indicating poor response
to antioxidant defense were found in much lower concentrations in the respondents of the borderline metabolic
profile.
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Table (2): Comparison of Oxidative Stress Biomarkers between Normal and Borderline Metabolic Profiles

Marker Normal Metabolic Profile | Borderline Metabolic Profile | p-value
SOD (U/mL) 5.82 +0.74 4.91+0.63 <0.01
CAT (U/mL) 48.3%6.1 52.7+74 0.03
GPx (U/mL) 71.5+89 63.2+7.8 <0.01
TAC (mmol/L) 142+0.21 1.19+0.17 <0.01
MDA (umol/L) 2.04+0.35 2.68 +0.41 <0.01
GSH/GSSG Ratio | 12.3+3.1 8.6 +2.7 <0.01

These decreases in antioxidant markers as illustrated in Table 2 are evidence of an imbalance between formation of
reactive oxygen species (ROS) and the antioxidant response [28]. The metabolic derangements such as
hyperglycemia, lipid abnormalities, and mitochondrial dysfunction could be more likely to produce an excess of
ROS [29].

Interestingly, the borderline group showed significantly higher catalase (CAT) activity (Table 2, Figure 2), which
can be attributed to the compensatory mechanism of the higher levels of oxidative stress as catalase is one of the
essential agents in the degradation of hydrogen peroxide [30].

Biomarkers

Fig (2): Comparison of Oxidative Stress Biomarkers between Normal and Borderline Metabolic Profiles

Moreover, MDA levels are very high (Figure 2), which means that lipid peroxidation and membrane damage are
increased. The simultaneous existence of antioxidant capacity decline and oxidative damage is a strong indication of
the presence of oxidative imbalance in individuals with early metabolic disturbances [31].

3.2 Glycemic Profile

The glycemic data in Table 3 and Figure 3 demonstrated the presence of considerable changes in the
glucose metabolism in the subjects with borderline metabolic status. Table 3 demonstrates that the level of fasting
blood glucose (FBG) and HbAlc is significantly increased in the borderline group, which also means that the
glucose homeostasis was dysregulated early [32].
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Table (3): Comparison of Glycemic Parameters between Normal and Borderline Metabolic Profiles

Marker Normal Metabolic Profile | Borderline Metabolic Profile | p-value
FBG (mg/dL) 88.5+9.2 1023+ 114 <0.01
HbAlc (%0) 52+04 59+05 <0.01
Insulin (MIU/mL) | 8.6 £2.3 13.7+3.1 <0.01
HOMA-IR 19+06 35+09 <0.01
QUICKI 0.36 +0.02 0.31+£0.02 <0.01

Moreover, there was a significant increase in fasting insulin levels, as well as in HOMA-IR (Figure 3), indicating the
existence of insulin resistance. On the contrary, QUICKI levels were greatly decreased, which once again proves the
impaired insulin sensitivity [33].
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Fig (3): Comparison of Metabolic Markers in Normal vs. Borderline Profiles

These results are in accordance with the changes of the oxidative stress, which is observed in Figure 2 because
hyperglycemia is known to increase ROS-generation, and it disrupts insulin-signaling (pathways) [34]. The fact that
there is compensatory hyperinsulinemia shows that the pancreatic 8 cells are acting in reaction to the lowered insulin
sensitivity. All these findings indicate that physiological problems with glucose metabolism can happen at an
insidious phase, before the actual manifestation of diabetes [35].

3.3 Lipid Profile

The results of the lipid profile that have been summarized in Table 4 and Figure 4 indicated a much more
atherogenic pattern in the borderline metabolic group. Table 4 demonstrates that the total cholesterol, LDL-C,
triglycerides, non-HDL cholesterol and AIP were high, whereas the level of HDL-C was low [36].
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Table (4): Comparison of Lipid Profile Parameters between Normal and Borderline Metabolic Profiles

Marker Normal Borderline | p-value
Total Cholesterol (mg/dL) 178 + 25 210+ 28 <0.01
LDL-C 104 + 21 135+ 24 <0.01
HDL-C 51+8 43+7 <0.01
Triglycerides 125+ 30 187 + 36 <0.01
Non-HDL 127 £ 22 167 £ 27 <0.01
AIP 0.23+0.08 | 0.38+0.10 | <0.01

These changes are early dyslipidemia related to insulin resistance and augmented adiposity. High triglycerides and
LDL-C levels promoting atherosclerotic’ plaque development and low HDL-C levels undermining reverse
cholesterol transport and antioxidant protection, respectively [37].

Recurring Atherogenic Index of Plasma (AIP) as shown in Figure 4 is also an indication that there is high
cardiovascular risk. It is important to note that such lipid disorders can also lead to the presence of oxidative stress
and inflammation, which underlines the interdependence of metabolic disorders [38].
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Fig (4): Comparison of Lipid Profile Markers between Normal and Borderline Groups

3.4 Inflammatory Markers

Table 5 and Figure 5 outline inflammatory biomarkers that show a substantial enhancement of the systemic
inflammation in the borderline metabolic group [39]. Hs-CRP, IL-6, TNF-o as well as ferritin levels were all
significantly higher than those of the normal group (Tab 5) [40].
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Table (5): Comparison of Inflammatory Biomarkers between Normal and Borderline Metabolic Profiles

Marker Normal Borderline p-value
hs-CRP (mg/L) 1.8+0.7 35+12 <0.01
IL-6 (pg/mL) 23%09 56%15 <0.01
TNF-o (pg/mL) 3.1+08 52%11 <0.01
Ferritin (ng/mL) 89+ 24 118 + 30 <0.01

Adipose tissue, especially visceral fat, is a type of active endocrine organ that releases pro-inflammatory cytokines.
The cytokines can disrupt insulin signaling pathways and cause insulin resistance [41].
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Fig (5): Comparative Analysis of Inflammatory Biomarkers between Normal and Borderline Groups

The high levels of hs-CRP as shown in Figure 5 give substantial evidence of systemic inflammatory activation [42].
Further, IL-6 and TNF-a are important in enhancing an inflammatory response, connecting the inflammation with
the oxidative stress and lipid abnormality discussed in Figure 2 and 4 [43].

3.5 Hormonal and Adipokine Markers

Table 6 and Figure 6 were the delivered hormonal and adipokine profile, which demonstrated serious
changes in the endocrine system of the borderline metabolic group. Leptin concentration was elevated significantly
(as indicated in Table 6), which is probably because of the mass of adipose tissue and appearance of leptin
resistance.

59



Dijlah Journal of Medical Sciences (DJMS) Vol. 3, No. 2, May, 2026, pp. 52-63
P-ISSN: 3078-3178, E-ISSN: 3078-8625, paper ID: 06

Table (6): Hormonal and Adipokine Profile in Normal and Borderline Metabolic Groups

Marker Normal Borderline p-value
Leptin (ng/mL) 125+43 21.2+5.1 <0.01
Adiponectin (ug/mL) 82x21 56%1.7 <0.01
Cortisol (ug/dL) 142 +35 17.1+40 0.02
TSH (uIU/mL) 21+0.7 25+0.9 0.07

Conversely, there were minimal adiponectin levels (Figure 6). With its effects on the promotion of insulin sensitivity
and anti-inflammatory properties, low adiponectin levels could be an additional contributor of the described
metabolic abnormalities [44].
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Fig (6): Comparison of Biomarkers between Normal and Borderline Metabolic Profiles

The level of cortisol was also highly increased (Table 6), which implies the stimulation of the hypothalamic—
pituitary—adrenal (HPA) axis. Persistent cortisol could foster the development of fatty tissues in the viscose and
metabolic imbalance [45]. Even though the TSH levels were a bit higher, the difference was not very significant,
which showed that the thyroid functioning played less of a role in this situation [46].

Overall, these results point to the role of adipokine imbalance and neuroendocrine changes in the initial metabolic
malfunctions [47].

4- CONCLUSION

Overall, the current work shows that people possessing borderline metabolic profiles have premature and
interrelated imbalances in oxidative, metabolic, inflammatory and hormonal pathways even in the absence of overt
clinical disease. The subsequent loss in antioxidant defenses and increased lipid peroxidation, insulin resistance,
dyslipidemia and low-grade inflammation are indicative of a state of subclinical metabolic dysregulation. These
findings verify the thought that metabolic imbalance precedes the clinical symptom development by a great distance
and the importance of early biochemical screening. Preventive measures that focus on targeting these initial changes
could be a key opportunity to mitigate the chances of metabolic syndrome, type 2 diabetes, and cardiovascular
diseases.
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