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ABSTRACT— The inactivation of nitric oxide caused by oxidative stress raises the possibility of HT by
promoting disruption of endothelial cells. Discussing the development of type-Il diabetes mellitus with
concurrent hypertension impacted by oxidative stress was the primary goal of this study. The 384 participants
were split into four distinct groups based on their illness status: 108 controls (those without T2DM or HT), 48
prediabetes (those without HT), 22 T2DM, and 68 T2DM+ HT (those with coexisting T2DM and HT). We
used GSH/GSSG and 8-OHdG as oxidative stress indicators. Because they demonstrate the effectiveness of
the antioxidant defense system, GSH, 8-OHdG, and GSSG were chosen. The statistical software SPSS 25 was
used for all tests. Sample size estimates were not carried out before statistical assessments because this
investigation was conducted using information that had already been gathered. Since it was established that
perpetual variables did not follow a normal pattern of distribution, they were represented by the median. To
find significant differences between the four groups, Kruskal-Wallis tests were employed. The threshold for
significance was p<0.05. Compared to the control and prediabetes groups, the HbAlc levels were considerably
higher in the T2DM and T2DM-HT groups. The T2DM-HT group's levels for inflammatory biomarkers
eventually returned to being equivalent to controls. Regarding OS, GSH first rose from controls to T2DM
(p<0.001), nearly reaching the threshold for statistical significance, and then significantly decreased when
juxtaposed with concurrent T2DM-HT (p<0.001). From controls to T2DM, GSSG showed a similar pattern
of increase (p<0.01), followed by a significant decline in T2DM-HT (p<0.001). The study's conclusions
suggest that an increased understanding of OS markers is more reliable for distinguishing between the stages
of T2DM progression with and without HT. Our results also confirm the usefulness of prescription
pharmaceuticals, especially when considering the known functions of OS in the onset of the illness.
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1. Introduction

The global population of people with type Il diabetes mellitus (T2DM), which is predicted to reach 700.2
million by 2045, constitutes one of the primary contributors of morbidity and early mortality worldwide [1].
By the following year, the incidence of prediabetes, a metabolic disorder that precedes type 2 diabetes, is
predicted to increase to 8.3% worldwide [2], [3]. The stage in between normoglycemia and overt type 2
diabetes is known as prediabetes [4]. Even though this illness frequently has no symptoms [5], pathogenic
mechanisms and problems related to hyperglycemia are currently apparent [6]. It is currently believed that
type 2 diabetes is an immunological and oxidative illness [7]. Oxidative stress (OS) contributes to the
progression and aggravation of type 2 diabetes in addition to being a consequence of insulin resistance, the
main feature of the disease. Because of their weakened antioxidant defense mechanism, pancreatic 3 cells are
more susceptible to reactive oxygen species (ROS), which can cause malfunction and cell death [8]. Moreover,
OS reduces the amount and potency of insulin produced by interfering with the development and functioning
of B cells [9- 11]. By interfering with insulin signaling pathways, OS can also impair insulin efficiency. As in
prediabetes to diabetes, the advancement of hyperglycemia is largely dependent on the concomitant
deterioration of insulin release and functionality [12]. ROS are ineffective as OS indicators because of their
significant responsiveness and short half-life. On the other hand, ROS's a detrimental impact and their harm
to proteins, lipids, and mitochondria are better indicators of OS [13]. Arachidonic acid peroxidation produces
8-isoprostane, a lipid peroxidation biomarker that is an excellent representation of a biomarker because of its
remarkable stability [14].

In addition to oxidative damage, OS may additionally be measured by indicators of the antioxidant defense
mechanism. Diminished glutathione (GSH), a non-enzymatic antioxidant found in erythrocytes, detoxifies
ROS that penetrate the circulatory system. Glutathione peroxidase 1 oxidizes GSH to glutathione disulfide
(GSSG) as part of GSH's electron-scavenger functionality. Because hyperglycemia makes the erythrocyte
membrane stiffer, it prevents the transit of its precursor, cysteine, which lowers the quantity of GSH present
[15]. Therefore, GSH and GSSG measurements are helpful in assessing the level of oxidative stress. Through
enhancing the activity of mitochondria and reacting to OS, research in diabetic animals has shown that HN
influences insulin responsiveness and efficiency [16], [17]. In diabetes mellitus, inflammatory factors are
primarily generated by visceral white adipose tissue. Multiple processes, including hypoxia and macrophage
penetration, facilitate the breakdown of cytokines and chemokines, numerous of resulting in are stimulated
by hyperglycemia. Inflammatory variables, alongside oxidative stress, significantly contribute to the
progression of diabetes by enhancing insulin resistance by means of modifications in B-cell function and
disruption of insulin signaling [18- 20]. Considering the significant role of interleukins in mediating
inflammation, encompassing both pro-inflammatory and anti-inflammatory properties, numerous interleukins
have been examined in patients with T2DM. Interleukin-6 (IL-6) [21], interleukin-1B (IL-1B) [22], and
interleukin-10 (IL-10) [23] have been identified and proposed to play multipurpose contributions to the
progression of T2DM. Hypertension (HT) commonly occurs alongside diabetes, and the presence of both
disorders elevates the risk of microvascular and macrovascular adverse effects, which includes an exponential
rise in the threat of heart failure . Both disorders frequently overlap due to prevalent risk variables, especially
insulin resistance, with approximately 75% of T2DM patients experiencing HT. The interplay between
oxidative stress and inflammatory responses in diabetes results in blood vessels growth, characterized by
changes in vessel framework, beginning with endothelial dysfunction [26]. Oxidative stress contributes to the
emergence of endothelial dysfunction by inactivating nitric oxide, thereby increasing the risk of hypertension.
This study primarily aimed to examine the progression of type-11 diabetes mellitus alongside simultaneously
hypertension, with a focus on the consequences of oxidative stress.

2. RESEARCH METHODS
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During the course of a year (October 2022 to February 2024), study participants were selected from the
Internal Medicine department of the Combined Military Hospital in Pakistan and approved by the Institutional
Ethics (Ethics Approval number: 2024/04281). The study also included experts from the Arabian and
Pakistani countries (NMC Royal Hospital, Sharjah, United Arab Emirates). Additionally, prediabetes was
diagnosed based on a fasting BGL of 5.6-6.9 mmol/L. We used GSH/GSSG and 8-OHdG as oxidative stress
indicators. Because they demonstrate the effectiveness of the antioxidant defense system, GSH, 8-OHdG, and
GSSG were chosen. Those who presented with acute inflammation, renal disease, or cardiovascular disease
(CVD, etc.) were excluded. The remaining 384 participants were split up into four groups based on their
disease status: 48 prediabetes (no HT), 22 T2DM, 68 T2DM+ HT (coexisting T2DM and HT), and 108
controls (no T2DM or HT). Patients taking antihypertensive drugs, such as beta and calcium channel blockers,
angiotensin-converting enzyme (ACE) receptor blockers, ACE inhibitors, and hypoglycemic medications, as
well as preventive statin use, were not eliminated from this investigation because the data collection was done
in a healthcare environment rather than under controlled conditions. The method of collecting biomarkers was
employed. Finger prick point of care testing was used to measure the subjects' fasting BGL. An authorized
pathological laboratory produced the HbAlc, triglyceride, and cholesterol readings. After a five-minute rest,
brachial artery blood pressure was recorded in a supine posture using a Welsh-Allyn BP recorder. If high
blood pressure had been suspected, the measurement was performed two days later [27]. Urine specimens
were used to evaluate the concentrations of oxidative stress biomarkers. Both GSH and GSSG are determined
by dividing the samples. By blocking any free GSH in the sample with 2-vinylpyridine, GSSG is ascertained.
Total GSH will be obtained from all specimens that have not undergone treatment with 2-vinylpyridine. The
difference between the total GSH measured and the GSH produced from oxidized glutathione for the
specimens that were administered 2-vinylpyridine is used to assess the free GSH content in the sample.
Calorimetric measurements at 405 nm were used to figure out the GSH concentration [28]. The amounts of
8-OHdG and 8-isoprostane were measured in urine specimens. 8-OHdG levels were measured using the Kit
using AChE-substrate for color development monitoring and competitive assay binding. Using the Isoprostane
ELISA Kit, competitive assay binding, and color monitoring with horseradish peroxidase, 8-isoprostane was
guantified. The statistical application SPSS 25 was used for all assessments. Sample size estimates were not
carried out before statistical evaluation because this investigation was conducted using data that had already
been gathered. Since it was established that continuous parameters did not follow a standard distribution, they
were represented by the median. To find substantial distinctions between the four groups, Kruskal-Wallis tests
were employed. The threshold for significance was p<0.05.

3. RESULTS AND DISCUSSION

Table 1 shows the number of individuals, biochemical information, and overall clinical characteristics. The
control group's respondents were noticeably younger. Significantly more statins were used in the T2DM-HT
group than in any other group, and significantly more in the T2DM group than in the control and prediabetes
groups. The control, T2DM, and T2DM-HT groups were the only ones whose BMIs differed significantly.
Additionally, although there were no differences between the prediabetes, T2DM, and T2DM-HT groups,
BGL was significantly greater in the prediabetes, T2DM, and T2DM-HT groups than in the control group, as
was to be anticipated. Compared to the control and prediabetes groups, the HbAlc levels were substantially
higher in the T2DM and T2DM-HT groups (Table 1). Table 2 displays the OS biomarker values. After then,
levels in the T2DM-HT group were once more equivalent to controls. Regarding OS, GSH first rose from
controls to T2DM (p<0.001), nearly reaching statistical significance, and then significantly decreased when
juxtaposed with concurrent T2DM-HT (p<0.001). From controls to T2DM, GSSG showed a similar pattern
of increase (p<0.01), followed by a significant decline in T2DM-HT (p<0.001).
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Table 1: Demographics and Clinical Characteristics of Patients

General Medicine

Characteristic Group- Group-ll Group Il Group-1V p-value
(Controls, n= (Prediabetes, n=  (T2DM, n= 22) (T2DM+HT, n=
108) 48) 68)
sex (F), (%) 57% 58% 66% 55% 0.422
Alcohol, (%) 12% 16% 6.2% 14% 0.453
Smoking, (%) 6.7% 9.1% 9.4% 8.0%) 0.732
DM-Medications, (%) 0.0 0.0 62% 77% <0.001
Antihypertensive 0.0 0.0 0.0 76% <0.001
Drugs, (%)
Statin Use, (%) 1.9% 0% 22% 48% <0.001
Age (Years), Median 52 (45-62) 57 (50-68) 55(49-65) 61(57,70) <0.001
(Q1-Q3)
BMI (Kg/m?), Median 25.7(23.3, 28.1(24.5, 29.2(23.8, 29.4 (26.0, <0.001
(Q1-Q3) 29.1) 30.4) 34.1) 34.5)
Lying-SBP (mmHg), 120(113, 128) 126 (116, 132) 128 (118, 132) 140 (130, 152) <0.001
Median (Q1-Q3)
Lying-DBP (mmHg), 77 (70, 82) 80 (70, 85) 78 (70, 84) 80 (74, 88) 0.001
Median (Q1-Q3)
Duration of diabetes TR 2.0(1.04.2) 4.0(1.0,9.5) 0.032
(years), Median (Q1-
Q3)
Lipid profile and glycemic measurements
BGL (mmol/L) 4.80(4.43,5.10) 5.90(5.70,6.25) 6.65(5.93,9.25) 7.50 (5.95, 9.60) <0.000
HbAlc (%) 5.65 (5.40,5.90) 5.80(5.70,6.10) 7.40(6.30,8.20) 7.60 (6.60, 8.15) 0.000
HDL (mmol/L) 1.30(1.10, 1.40) 1.50(1.20,1.70) 1.20(1.00,1.52) 1.30(1.10, 1.50) <0.001
LDL (mmol/L) 3.10(2.80,3.40) 3.00(2.50,3.50) 2.70(1.90,2.82) 2.70(2.10,3.30) <0.001
Triglycerides (mmol/L)  1.10(0.90, 1.40) 1.00(0.80, 1.30) 1.80(1.23,3.30) 2.00 (1.50, 2.20) 0.000
TC (mmol/L) 4.95 (4.50,5.57) 5.00 (4.70,5.50) 4.50(3.90,5.03) 4.60 (4.10, 5.50) 0.000

BGL, Fasting blood glucose levels; HDL, High density lipoprotein; LDL, Low density lipoprotein; TC, Total cholesterol.

a Significant difference between control and prediabetes group (p<0.05); b significant difference between control
and T2DM group (p<0.05); c significant difference between control and T2DM

+HT group (p<0.05); d significant difference between prediabetes and T2DM group; e significant difference between
prediabetes and T2DM+HT group; f significant difference between T2DM and T2DM+HT group

Table 2: Biomarkers Level in Four Groups

Characteristic Group-l Group-ll Group Il Group-1V p-
(Controls) (Prediabetes) (T2DM) (T2DM+HT) value

GSH (mM) 1,584 1,629 (1,388, 1,740 1,314 <0.001
(1,524, 1,827) (1,666, (1,299,
1,720) 1,740) 1,682)

GSSG (mM) 270 (243, 345 (249, 351 (275, 261 (215, <0.001
318) 358) 412) 357)

GSH/GSSG 5.85(5.01, 4.81(3.95, 4.66(4.23, 4.97(4.23, <0.001
6.57) 7.13) 5.74) 7.38)

8-OHdG 143 (103, 153 (153, 110 (83, 90 (49, <0.001

(ng/mL) 212) 204) 144) 114)

The precise processes separating normotensive and hypertensive individuals with T2DM remain enigmatic,
and this field of research is still underdeveloped despite the increased consequences in patients with coexisting
T2DM and HT [29]. In Australia, 15.5% of those aged 65 to 69 have type 2 diabetes, and 16% of adults over
25 have prediabetes [30]. Additionally, as was previously mentioned, about 25% of those with type 2 diabetes
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have normotension. It is therefore reasonable to anticipate variations in the sizes of the participant groups.
There were variations in medication use among the groups, which probably affected a large number of the
biomarker levels found in this investigation. For instance, the T2DM and T2DM-HT groups had lower LDL
values, which were probably caused by a higher percentage of statin use in these groups. By accelerating the
rate at which LDL is absorbed by hepatic cells, statin medication reduces intrahepatic cholesterol levels and
increases the density of LDL receptors on hepatic cell surfaces [32]. In addition to being a result of insulin
resistance, the primary characteristic of type 2 diabetes, oxidative stress (OS) also plays a role in the
development and exacerbation of the condition. Pancreatic B cells are more vulnerable to reactive oxygen
species (ROS), which can lead to dysfunction and cell death, due to their compromised antioxidant defense
system. Furthermore, by disrupting the growth and function of B cells, OS lowers the quantity and strength of
insulin generated. OS can also reduce insulin efficiency by disrupting insulin signaling pathways. Similar to
the progression of prediabetes to diabetes, the concurrent decline in insulin secretion and function is a major
factor in the development of hyperglycemia. Due to their high responsiveness and brief half-life, ROS are not
useful as OS indicators. However, ROS's negative effects and damage to mitochondria, lipids, and proteins
are better markers of OS. Because of its exceptional stability, 8-isoprostane, a lipid peroxidation biomarker
produced by arachidonic acid peroxidation, is a great example of a biomarker. The global population of people
with type Il diabetes mellitus (T2DM), which is predicted to reach 700.2 million by 2045, constitutes one of
the primary contributors of morbidity and early mortality worldwide. By the following year, the incidence of
prediabetes, a metabolic disorder that precedes type 2 diabetes, is predicted to increase to 8.3% worldwide
[2], [3]. The stage in between normoglycemia and overt type 2 diabetes is known as prediabetes [4]. Even
though this illness frequently has no symptoms, pathogenic mechanisms and problems related to
hyperglycemia are currently apparent [6]. Contrary to earlier findings, 8-OHdG levels did vary by group, with
T2DM having lower levels than controls and prediabetes. This could affect the effects of statins,
antihypertensive drugs, and antidiabetic medications. By scavenging ROS, preventing the production of
advanced glycation end products, and upregulating antioxidants, hypoglycemic medications such as
metformin, sulfonylureas, and thiazolidinediones demonstrate antioxidant qualities [33]. Furthermore, statin
medication is thought to affect levels of oxidative DNA damage by reducing dyslipidemia, which lowers 8-
OHdG, however studies have not confirmed this effect [34]. The much lower levels of 8-OHdG in the
T2DM+HT group, where a significantly higher proportion of individuals were on statin medication, serve as
additional evidence of this. Our data demonstrate the efficacy of ACE inhibitors and a number of
antihypertensive drugs, such as the beta-blockers metoprolol, carvedilol, and bisoprolol, as well as ACE
inhibitors, which have been shown to lower OS [35], [36]. To confirm if the reduction in oxidative stress
improves the course of the patient's illness, longer follow-up research is required. The current results further
confirm earlier findings [37] that T2DM causes increased GSH synthesis in response to rising OS, which is
reflected in growing GSSG levels. The declining GSH levels as they approach T2DM+HT are consistent with
findings that indicate a reduction in the effectiveness of GSH synthesis when coexisting conditions are present
[38]. The actions of the aforementioned antihypertensive medications may lead to reduced levels of OS, which
in turn may result in lower GSSG levels. Additionally, GSH is not just produced by recycling GSSG; it is also
produced from the precursors glycine and cysteine, both of which have been shown to be significantly
decreased in type 2 diabetes (T2DM) [39]. The examination of mitochondrial biomarkers at different phases
of the disease was one of the study's novel discoveries. Going from controls to T2DM, HN significantly
dropped, which is consistent with a prior finding by [40]. The pattern was reversed, though, as T2DM+HT
levels rose once more, surpassing the control group by a significant margin. When paired with the results of
the oxidative and inflammatory biomarkers, our results of a significant rise in systolic blood pressure in the
DM+HT group can help doctors select the right drugs to lower blood pressure in this population. As a
proactive therapy approach, the little elevations in blood pressure for the groups with prediabetes and type 2
diabetes can be analyzed similarly. When taken together, the observed changes in inflammatory markers and
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OS show significant differences in the progression of diabetes from no diabetes to DM+HT in a clinical setting
where patients must take medication. This suggests that adding more biomarkers to the patient review could
be beneficial. T2DM and its co-occurring comorbidities, such HT, are becoming more common. The
significance that oxidative stress plays in the development of diabetes has been emphasized by current
understanding of disease progression in general [41].

4. CONCLUSION

It is possible to draw some significant implications. The research has validated earlier findings of increased
oxidative stress in type Il diabetes and prediabetes. Furthermore, oxidative stress biomarkers could be useful
for tracking how well antihypertensive drugs are working. Additionally, it seems to be a trustworthy biomarker
for HT even when medicine is used, and it could be a useful predictor in long-term, follow-up research. The
assessments of inflammatory processes and OS in healthcare settings provided in the current investigation are
the first of their kind and can serve as the foundation for additional investigations into to determine thresholds
and customized treatment determined by these parameters.
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