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ABSTRACT— It is becoming a public health concern to predict which pregnant women may develop 

gestational diabetes mellitus (GDM). The goal of this case control research is to investigate the role of 

maternal oxidative stress levels in the first, second, and third trimesters, as well as other factors, in the 

development of GDM. During October and December 2021, 142 women participated in this study. The 101 

GDM patients were separated into three groups based on their trimester (T1, T2, and T3), and 41 healthy 

pregnant women were chosen as the control group. Levels of oxidative stress were determined by 

measurement of Total Antioxidant status (TAS) and Total oxidant status (TOS) using colorimetric methods 

while oxidative stress index (OSI) was calculated. Advanced oxidation protein products (AOPP), xanthine 

oxidase (XO) and dehydrogenase (XDH) activities were measured. The TOS levels were higher in all GDM 

groups compared with control (p=0.000) and high significant between patients groups in the order 

(T3>T2>T1), while high significant of TAS in GDM than control but in the order (T3<T2<T1). The mean 

levels of OSI were higher significantly in women with GDM in all trimester (T1=73.79 ± 18.43, T2=81.28 ± 

18.06, T3=96.70 ± 20.69) in comparison with control (37.28 ± 18.95) with statistical significance (P = 

0.000). Oxidative stress levels were higher significantly in the order T3>T2>T1, and the same results were 

found in the measured AOPP, Xanthine oxidase, XO\XDH ratio levels. On the other hand, Total protein, 

Albumin, Globulin, and Alb\Glo ratio levels showed non-significant difference (P>0.05) in all GDM groups 

when compared with that of healthy pregnant women. The correlation of oxidative stress with TOS in T1, 

T2, and T3 groups was positive with significance, while negatively correlated with TAS in T1, T2, T3 

groups. From the findings of this study, a significant increase in total oxidant demonstrated by overall lower 

antioxidant level in GDM patients tend to heighten oxidative stress. 
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1. INTRODUCTION 

Gestational diabetes mellitus" (GDM) refers to glucose intolerance that first manifests or is initially 

diagnosed during pregnancy. It is a metabolic disorder of the carbohydrate metabolism characterized by 

hyperglycemia and insulin resistance. Globally, the prevalence of GDM varies and is now believed to range 

between 7 and 10% [1]. GDM is linked to poor maternal, fetal, and neonatal outcomes [2]. A prior 

diagnosis of GDM is a recognized risk factor for developing T2DM in later life [3]. The primary risk factors 

for developing GDM are obesity, progressive overweight, a high-fat, low-carb diet, a sedentary lifestyle, 

and a family history of diabetes. GDM often develops in a spontaneous hyperglycemic state [4]. Although, 

GDM usually goes away after delivery, later-pregnant women are more likely to have T2DM 40–50% of 

the time. The high level of glucose in the blood during pregnancy may cause a multitude of problems 

affecting the growth of the fetus and discomfort if not treated precisely and properly [5]. 

 

Oxidative stress (OS) results from an imbalance between oxidant and antioxidant defense systems, which 
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produces reactive oxygen species (ROS) [6]. Although, the majority of ROS are produced during metabolic 

processes, and a variety of enzymes and substances with antioxidant properties work to reduce their effects, 

however uncontrolled production of ROS, including singlet oxygen (O2
•), hydrogen peroxide (H2O2), 

hydroxyl radicals (HO.), peroxyl radicals, and superoxide anion (O2
•), causes them to attack any 

biomolecules in their surroundings and change their structure and function, including DNA and proteins [7]. 

 

Many diseases, including accelerated aging, diabetes, cancer, hypertension, and coronary heart disease are 

associated with the OS [8]. A significant burden of maternal and fetal morbidity and death results from 

illnesses such as abortion, preeclampsia, fetal embryopathy, premature labor, and GDM, among others [9]. 

Throughout pregnancy, the growing infant is exposed to a variety of endo and ecto-exposome factors, most 

notably oxidative stress, nutrition, and inflammation, a pregnancy problem in which the exposome is 

implicated. Placental oxidative stress is clearly linked to a range of adverse pregnancy outcomes, and 

maternal spiral artery conversion appears to be mechanistically linked. Miscarriage, early delivery, pre-

eclampsia, eclampsia, gestational diabetes, and other problems may be enhanced if the pro-oxidant situation 

is pushed further throughout pregnancy. Additionally, these insults may have an effect on fertility [10]. 

 

The aim of this study, was to explore the association between value of oxidative stress concentrations 

during first, second and third trimester and the development of GDM in pregnant women. 

 

2. Methods 

A case control study was conducted by enrolling 142 participants who visited Al-Alawiyeh Maternity 

Teaching Hospital/ Baghdad during the period between October to December 2021. 101 patients with GDM 

were subdivided to three groups according to their pregnancy semester (T1=34, T2=34, T3= 33), and 41 

healthy pregnant women as a control group. The diagnosis of GDM was done after running fasting /random 

blood sugar blood analysis by physician according to ADA criteria. The period of sample collection was for 

all trimesters of pregnancy. All participant were informed and approved to participate in this study, as well 

the approval from the scientific and ethical committee was obtained. 

 

The inclusion criteria were pregnancy of one fetus. Participants with chronic inflammatory disease, 

metabolic diseases, hypertension, coronary heart disease, and family history of T2DM or previous GDM 

were excluded. 

 

After taking venous blood samples, a direct HbA1c analysis was done while the remaining blood was 

centrifuged after clotting to collect serum which was stored in Eppendroff tubes at -20 ᵒC. Serum TAS [11], 

TOS [12], were measured to calculate the oxidative stress index (OSI), also total serum protein, Albumin, 

and Globulin measured by using Spectrophotometer PD-303 for colorimetric methods (Japan), the AOPP 

[13], xanthine oxidase and dehydrogenase [14], were measured by using UV-Visible spectrophotometer 

(Japan). 

 

Also Fasting and random glucose concentrations, were measured by colorimetric methods using kits from 

HUMAN (Germany), HbA1C was measured using DCA® analyzer Siemens (Ireland). 

 

Statistical analysis: SPSS version 26 was used for all statistical analyses. Data that is descriptive were 

presented as mean and standard deviation (SD). To make a comparison between groups, one-way ANOVA, 

post hock was applied. Pearson correlation analysis was utilized to define the relationship between 

oxidative stress levels with other parameters. The significance level when (P value <0.05) was applied for 

all statistical analysis. 
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3. Results 

The findings from measurement of the biochemical parameters are presented in Table 1 where the results of  

first, second, and third trimester of fasting/Random blood glucose and HbA1c levels revealed noticeably 

higher levels in GDM than that of controls (P = 0.043, P <0.001, and P < 0.000) respectively. The HbA1C 

levels were higher in T1 of GDM than T3 with statistical significance (P = 0.032). Non-significant 

differences were found in levels of S.Protein, Albumin, Globulin levels, Alb\Glo ratio, and XDH activity 

between the four studied groups. 

 

The mean levels of AOPP, XO, XO\XDH ratio, TAS, TOS, and OSI were higher in GDM patients at three 

trimesters than control with statistical significance (P =0.000), also higher significant were observed in 

GDM group who were in T3 than in T2 and in T1 with statistical significant for three semester (P = 0.000). 

 

Table1: The characteristics of the biochemical parameters levels between GDM patients (three semesters) 

and control groups. 

Parameters Control 

n=41 

T1 

n=34 

T2 

n=34 

T3 

n=33 

P  value 

Age range 

(year) 

16-43 19-45 18-43 20-45 --- 

FBG mg\dL  79.45 ± 5.22 

 

113.68 ± 32.38a 116.22 ± 34.27a 113.61 ± 25.01a 0.043 

RBG mg\dL 99.25 ± 17.20 148.80 ± 61.87a 126.73 ± 42.80a 133.53 ± 42.93a 0.001 

HbA1C % 3.56 ± 0.38 6.13 ± 0.91a 6.00 ± 0.91a 5.74 ± 0.63ab 0.000 

S.Protein g\dL 8.23 ± 0.83 8.35 ± 0.87 8.44 ± 1.23 8.52 ± 1.20 0.657 

Albumin g\dL 4.60 ± 0.55 4.48 ± 0.77 4.61 ± 0.61 4.65 ± 0.54 0.714 

Globulin g\dL 3.63 ± 0.92 3.86 ± 1.17 3.82 ± 1.33 3.87 ± 1.39 0.797 

Alb\Glo ratio 1.43 ± 0.79 1.37 ± 0.83 1.40 ± 0.65 1.40 ± 0.72 0.986 

AOPP 

(µmol\L) 

32.06 ± 8.11 53.03 ± 12.18a 58.32 ± 13.05ab 69.63 ± 9.05abc 0.000 

XO U\L 30.79 ± 5.65 55.32 ± 9.16a 70.13 ± 6.52ab 78.31 ± 6.53abc 0.000 

XDH U\L 0.55 ± 0.14 0.55± 0.10 0.56 ± 0.14 0.57 ± 0.14 0.902 

XO\XDH 58.39 ± 15.19 102.11 ± 22.91a 130.10 ±32.20ab 143.93 ± 37.35abc 0.000 

TOS (mmol 

H2O2 Eq\L) 

46.18 ± 15.95 66.49 ± 13.43a 74.72 ± 15.42ab 82.60 ± 15.08abc 0.000 

TAS (mmol 

glutathioneEq\L) 
1.41 ± 0.51 0.92 ± 0.26a 0.94 ± 0.22a 0.88 ± 0.19a 0.000 
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OSI 37.28 ± 18.95 73.79 ± 15.43a 81.28 ± 18.06ab 96.70 ± 20.69abc 0.000 

 

Statistical analysis using ANOVA, significant difference when P< 0.05. a: significant when compared with 

control group, b: significant when compare T1 with T2 and T3 group, c: significant when compare T2 with 

T3 group. FBG: fasting blood glucose; RBG: Random blood glucose. 

 

Serum oxidative stress level in T1, T2 and T3 group shows significantly negative correlation with TAS 

levels (r = -0.379*; P =0.030), (r = -0.482**; p=0.004), (r= -0.533**; p=0.001), respectively. While it was 

positively associated with TOS levels in T1, T2, and T3 (r = 0.641**; P = 0.000), (r = 0.599**; P = 0.000), 

and (r= 0.649**; P= 0.000) respectively. No other correlations were found between oxidative stress level 

with other parameters, as shown in Table 2 and Fig 2. 

 

Table 2: Pearson correlation coefficients of oxidative stress with other biochemical parameters in the first, 

second, and third trimester groups. 

Groups  Parameters r P 

T1 TOS (mmol H2O2 Eq\L) 0.641** 0.000 

TAS (mmol glutathione 

Eq\L) 

-0.379* 0.030 

T2 TOS (mmol H2O2 Eq\L) 0.599** 0.000 

TAS (mmol glutathione 

Eq\L) 

-0.482** 0.004 

T3 TOS (mmol H2O2 Eq\L) 0.649** 0.000 

TAS (mmol glutathione 

Eq\L) 

-0.533** 0.001 
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Figure 2: Pearson correlation analysis of oxidative stress with other biochemical parameters 

 

4. Discussion 

Despite strong evidence that oxidative stress has an influence on pregnancy and reproduction, PCOS, 

subfertility, and endometriosis may all be caused by an imbalance in the body's pro-oxidant and antioxidant 

agents. Miscarriages, gestational diabetes and preeclampsia, fetal growth limitation, and early birth may be 

caused by oxidative stress. According to some hypotheses, hyperglycemia is the primary source of 

oxidative stress in GDM [15- 17]. 

 

In comparison to healthy pregnant women, individuals with GDM had higher levels of oxidative stress, and 

antioxidant levels in these patients dropped as gestation progressed [18]. Since inflammatory reactions 

induce oxidative stress, and oxidative stress prolongs an inflammatory response, inflammation and 

oxidative stress are intimately related [19], [20]. Oxidative stress may rise in response to inflammatory 

stimuli that cause a shift from immunological tolerance to immune effector activation, and subsequently a 

harmful immune response, increasing the probability of poor pregnancy outcomes [21]. 

 

Oxidative stress predominates in a regular pregnancy due to the placenta's presence of transitional metals 

like iron and its mitochondrial richness [22]. Nonetheless, the majority of body cells have the ability to 

enhance the activity of antioxidants in order to successfully combat a minor rise in oxidative stress. If this 

capability is achieved, however, rising ROS levels might cause severe, irreparable damage to cellular 

components [23]. Because of hyperglycemia, which promotes high ROS generation and increases the 

progression of diabetes, oxidative stress is much higher in patients with GDM [24]. 
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According to research by [25], [26] plasma from women with GDM had significantly more protein 

carbonyls than that of preeclamptic or control women. Moreover, [27] have shown a significant increase in 

OS in GDM. They came to the conclusion that oxidative stress, which frequently affects GDM patients, is 

caused by an imbalance between the body's overall free radical production and its antioxidant defenses. 

 

There was a significant difference in XO between groups T1, T2, and T3 with GDM and controls. 

According to the findings of the [28] study, GDM pregnancies produce more ROS than normal pregnancies. 

The XO is the major free radical producing enzyme in the body that generates ROS and consequently 

functions as an oxidative stress marker [29]. [30] theorized that the XO enzyme's enzymatic process, which 

oxidizes hypoxanthine-xanthine into uric acid, causes oxidative stress. When it is synthesized, ROS are 

generated. XO is associated to hyperuricemia and diabetic complications in the vascular endothelium. [31], 

[32] showed that XO activity has also been connected to the emergence of many metabolic diseases and 

oxidative stress. It was concluded that an increase in XO activity is due to the increase conversion of the 

other form (XDH) to XO led to the production of reactive oxygen species and so, OS increase [33], [34]. 

 

Early studies have supported the significance of advanced oxidation protein products (AOPP) as an 

oxidative stress biomarker in a variety of pathological conditions such as diabetes mellitus, coronary artery 

disease, atherosclerosis, and non-diabetic nephropathy. AOPP concentrations were associated with 

atherosclerotic lesions and vascular inflammation in diabetic patients [35], [36]. The stimulation of redox-

sensitive inflammation, mitochondrial dysfunction, and oxidative stress by AOPP causes early diabetic 

nephropathy [37]. 

 

The AOPP values in GDM patients are significantly higher than of the healthy group during (T1, T2, and 

T3), which may indicate the presence of oxidative stress. According to [38], persons with T2DM had (1.7-

2) times higher AOPP levels than healthy patients, due to the fact that DM produces more ROS than normal 

according to [39], [40]. [41] proposed that AOPP levels were an independent risk factor for endothelial 

dysfunction in persons with diabetes in the early stages, while, [42] proposed a link between AOPP levels 

and glycemic impairments (plasmatic glucose and HbA1c). Both diabetic patients and diabetic experimental 

models have increased plasma protein oxidation levels [43]. According to a study by [44], on T2DM 

patients, plasma AOPP levels were significantly greater in diabetics with poor glycemic control than they 

those with acceptable glycemic control. The results of [45], [46] also showed that AOPP levels were greater 

in GDM than in normal pregnancies. 

 

Total protein and albumin levels decrease throughout pregnancy, and this decrease is negatively correlated 

with the length of the pregnancy. Significant changes in the serum concentrations of total protein, albumin, 

and globulin from one trimester to the next could be due to changes in how these substances are involved in 

the metabolic processes linked to each stage of pregnancy. It is common for blood albumin concentrations 

to slightly decrease during pregnancy, although preeclampsia, gestational hypertension, gestational edema, 

and renal failure with proteinuria can all cause lower serum albumin levels [47]. 

 

Diabetes lowers the amount of albumin in the blood, requiring insulin therapy to prevent hypoalbuminemia 

[48]. Early biochemical experiments have shown that insulin increases hepatic gene transcription, which in 

turn boosts the manufacture of albumin [49]. 

 

In this study, albumin levels revealed no significant difference in GDM, which is consistent with the 

findings of the [50] study, which discovered that albumin concentrations were not significantly different 

between the normal pregnant group and the GDM group. The same outcomes were also observed in a 
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research conducted on 215 pregnant women by [51], with non-significant alterations in total protein, 

albumin, and globulin. 

 

5. Conclusions 

The GDM patients tend to have a higher TOS level and decreased TAS which led to oxidative stress may 

enhance the pathogenesis or pathophysiology of GDM. 

 

Acknowledgments: 

The authors wish to thank all the working staff in Al-Alawiyeh Maternity Teaching Hospital for their 

assistance in collecting the samples and the data of the patients. 

 

Conflict of interest: the authors have no conflict of interest. 

 

6. References 

[1] Behboudi-Gandevani S, Amiri M, Bidhendi Yarandi R, Ramezani Tehrani F. The impact of diagnostic 

criteria for gestational diabetes on its prevalence: a systematic review and meta-analysis. Diabetol Metab 

Syndr. 2019;11(1):11. doi:10.1186/s13098-019-0406-1 

 

[2] Casey BM, Lucas MJ, McIntire DD, Leveno KJ (1997) Pregnancy outcomes in women with gestational 

diabetes compared with the general obstetric population. Obstet Gynecol 90:869–873  

 

[3] International Diabetes Federation. IDF Diabetes Atlas - 2019. International Diabetes Federation, 2019 

 

[4] American Diabetes Association Classification and Diagnosis of Diabetes: Standards of Medical Care in 

Diabetes. Diabetes Care 2018, 41, S13–S27. 

 

[5] Diabetes blue circle symbol. 17 March, 2006. International Diabetes Federation 

 

[6] Sharifi-Rad, M.; Anil Kumar, N.V.; Zucca, P.; Varoni, E.M.; Dini, L.; Panzarini, E.; Rajkovic, J.; Tsouh 

Fokou, P.V.; Azzini, E.; Peluso, I.; et al. Lifestyle, Oxidative Stress, and Antioxidants: Back and Forth in 

the Pathophysiology of Chronic Diseases. Front. Physiol. 2020, 11, 694 

 

[7] G. Napolitano, G. Fasciolo, and P. Venditti, “Mitochondrial management of reactive oygen species,” 

Antioxidants, vol. 10, no. 11, p. 1824, 2021 

 

[8]. Liguori I., Russo G., Curcio F., Bulli G., Aran L., Morte D., D. and et al. (2018). Oxidative stress, 

aging, and diseases. Clinical Interventions in Aging. Vol. 13, p. 757-772.  

 

[9] Agarwal A, Gupta S, Sharma RK. Role of oxidative stress in female reproduction. Reprod Biol 

Endocrinol 2005;3:28 

 

[10] Aouache R, Biquard L, Vaiman D, Miralles F. Oxidative Stress in Preeclampsia and Placental 

Diseases. Int J Mol Sci. 2018; 19(5): 1496. 

 

[11] Erel O. (2004). A novel automated method to measure total antioxidant response against potent free 

radical reactions. Clinical Biochemistry. Vol. 37, p. 112. 

 



A. M. Saadoun and S. A. W. AL- Shammaree, 2023                                                                               BNIHS 

 

3304 

 

[12] Erel, O. (2005). A new automated colorimetric method for measuring total oxidant status. Clinical 

biochemistry, 38(12), 1103-1111. 

 

[13] KALOUSOV£ M, ZIMA T, TESAŘ V, äKRHA J, äTÕPEK S: Determination of advanced glycation 

end-products and advanced oxidation protein products. Klin Biochem Metab 10: 11-16, 2002 

 

[14] Fried, R. & L. W. Fried. (1974). Xanthine oxidase (xanthine dehydrogenase). In Methods of Enzymatic 

Analysis (Second Edition), Volume 2, 644-649. Elsevier. 

 

[15] Jamilian, M.; Amirani, E.; Asemi, Z. The effects of vitamin D and probiotic co-supplementation on 

glucose homeostasis, inflammation, oxidative stress and pregnancy outcomes in gestational diabetes: A 

randomized, double-blind, placebo-controlled trial. Clin. Nutr. 2019, 38, 2098–2105. 

 

[16] Saifi, H.; Mabrouk, Y.; Saifi, R.; Benabdelkader, M.; Saidi, M. Influence of selenium supplementation 

on carbohydrate metabolism and oxidative stress in pregnant women with gestational diabetes mellitus. J. 

Med. Biochem. 2020, 39, 191–198. 

 

[17] Jatavan, P.; Lerthiranwong, T.; Sekararithi, R.; Jaiwongkam, T.; Kumfu, S.; Chattipakorn, N.; 

Tongsong, T. The correlation of fetal cardiac function with gestational diabetes mellitus (GDM) and 

oxidative stress levels. J. Perinat. Med. 2020, 48, 471–476. 

 

[18] M. Lappas, U. Hiden, G. Desoye, J. Froehlich, S. H.-D. Mouzon, and A. Jawerbaum, “The role of 

oxidative stress in the pathophysiology of gestational diabetes mellitus,” Antioxidants & Redox Signaling, 

vol. 15, no. 12, pp. 3061–3100, 2011. 

 

[19] K. Zhang, Integration of ER stress, oxidative stress and the inflammatory response in health and 

disease., Int. J. Clin. Exp. Med. 3 (2010) 33–40.  

 

[20] Shatha Abdul Wadood, Refif Sabih Al- Shawk, Shahla´a Fadil Sabir. The Correlation of Lipocalin-2 

and Retinol Binding Protein-4 with the Inflammatory State in Iraqi Patients with T2DM. Iraqi Journal of 

Science, 2016, Vol. 57, No.2A, pp: 802-807. 

 

[21] M. Nadeau-Vallée, D. Obari, J. Palacios, M.-È. Brien, C. Duval, S. Chemtob, S. Girard, Sterile 

inflammation and pregnancy complications: a review, Reproduction. 152 (2016) R277–R292. 

https://doi.org/10.1530/REP-16-0453. 

 

[22] Omu AE, Al-Azemi MK, Omu FE, Fatinikun T, Abraham S, George S, et al. Butyrylcholinesterase 

activity in women with diabetes mellitus in pregnancy: correlation with antioxidant activity. Journal of 

obstetrics and gynaecology : the journal of the Institute of Obstetrics and Gynaecology. 2010;30(2):122-6 

 

[23] Wender-Ozegowska E, Kozlik J, Biczysko R, Ozegowski S. Changes of oxidative stress parameters in 

diabetic pregnancy. Free Radic Res. 2004;38(8):795-803.  

 

[24] Marfella R, Quagliaro L, Nappo F, Ceriello A, Giugliano D. Acute hyperglycemia induces an oxidative 

stress in healthy subjects. J Clin Invest. 2001;108(4):635-6. 

 

[25] Gelisgen R, Genc H, Kayali R et al. Protein oxidation markers in women with and without gestational 

https://www.healthsciencesbulletin.com/


ISSN: 1343-4292 

Volume 141, Issue 03, March, 2023 

  

3305 

 

diabetes mellitus: a possible relation with paraoxonase activity. Diabetes Res. Clin. Pract. 94(3), 404–409 

(2011). 

 

[26] Aydemir B, Baykara O, Cinemre FB et al. LOX-1 gene variants and maternal levels of plasma 

oxidized LDL and malondialdehyde in patients with gestational diabetes mellitus. Arch. Gynecol. Obstet. 

293(3), 517–527 (2016). 

 

[27] Lopez-Tinoco C, Roca M, Garcia-Valero A, Murri M, Tinahones FJ, Segundo C, et al. Oxidative stress 

and antioxidant status in patients with late-onset gestational diabetes mellitus. Acta Diabetol. 

2013;50(2):201-8. 

 

[28] Bambrana V, Dayanand CD, Kotur P. Relationship Between Xanthine Oxidase, Ischemia Modified 

Albumin, Nitric Oxide with Antioxidants in Non Pregnants, Pre and Post-delivery of Normal Pregnants and 

Preeclampsia. Indian J Clin Biochem. 2017;32(2):171–8. 

 

[29] Aouache R, Biquard L, Vaiman D, Miralles F. Oxidative stress in preeclampsia and placental diseases. 

Int J Mol Sci. 2018;19(5). 

 

[30] Santni Manickam, Prashanth Arun, Velammal Petchiappan, and Sujaya Menon. Is Serum Uric Acid an 

Added Risk Factor for Micro-Vascular Complications of Diabetes Mellitus. 6(7), 2019. 

 

[31] Ahmed, Q.U., Alhassan, A.M., Khatib, A., Shah, S.A.A., Hasan, M.M., Sarian, M.N., 2018. 

Antiradical and Xanthine Oxidase inhibitory activity evaluations of averrhoa bilimbi L. Leaves and 

tentative identification of bioactive constituents through LC-QTOF- MS/MS and molecular docking 

approach. Antioxidants 7 (10), 137–15 

 

[32] Fatima, I., Zafar, H., Khan, K.M., Saad, S.M., Javaid, S., Perveen, S., Choudhary, M.I., 2018. 

Synthesis, molecular docking and xanthine oxidase inhibitory activity of 5- aryl-1H-tetrazoles. Bioorg. 

Chem. 79, 201–21 

 

[33] Abdulhussain Naama, N., & Abdulmohsin Zainulabdeen, J. (2022). Evaluation of oxidative status with 

xanthine oxidoreductase activities in postmenopausal Iraqi osteoporosis women. Eurasian Chemical 

Communications, 4(12), 1295-1305. doi: 10.22034/ecc.2022.350996.1503. 

 

[34] Qais Ahmed Mahdi, Shatha Abdul Wadood, Rusul Hashem Association Between Systemic and Local 

Oxidative Stress of Infertile Women Undergoing Ivf/Icsi. Iraqi Journal of Science, 2019, Vol.60, No.9, pp: 

1888-1897. 

 

[35] Heidari, F.; Rabizadeh, S.; Ali Mansournia, M.; Mirmiranpoor, H.; Salehi, S.S.; Akhavan, S.; 

Esteghamati, A.; Nakhjavani, M. Inflammatory, oxidative stress and anti-oxidative markers in patients with 

endometrial carcinoma and diabetes. Cytokine 2019, 120, 186–190.  

 

[36] Haneen Muhanedalnajer, Shatha Abdul Wadood AL-Shammaree and Isam N. Salman Determination 

of Advanced Oxidative Protein Products Levels and Its Correlation with Inflammation in Diabetic Foot 

Patients. Biochem. Cell. Arch. Vol. 20, No. 2, pp. 5843-5847, 2020 

 

[37] Li, X.; Zhang, T.; Geng, J.; Wu, Z.; Xu, L.; Liu, J.; Tian, J.; Zhou, Z.; Nie, J.; Bai, X. Advanced 



A. M. Saadoun and S. A. W. AL- Shammaree, 2023                                                                               BNIHS 

 

3306 

 

oxidation protein products promote lipotoxicity and tubulointerstitial fibrosis via CD36/β-Catenin pathway 

in diabetic nephropathy. Antioxid. Redox Signal. 2019, 31, 521–538.  

 

[38] KALOUSOV£ M, ZIMA T, TESAŘ V, äKRHA J, äTÕPEK S: Determination of advanced glycation 

end-products and advanced oxidation protein products. Klin Biochem Metab 10: 11-16, 2002. 

 

[39] ROSEN P, NAWROTH PP, KING G, MOLLER W, TRITSCHLER HJ, PACKER L: The role of 

oxidative stress in the onset and progression of diabetes and its complications. Diabetes Metab Res Rev 17: 

189-212, 2001. 

 

[40] WAGNER Z, WITTMAN I, MAZAK I, SCHINZEL R, HEIDLAND A, KIENTSCH-ENGEL R, 

NAGY J: Nε -(carboxymethyl)lysine levels in patients with type 2 diabetes: role of renal function. Am J 

Kidney Dis 38: 785-791, 2001 

 

[41] Liang, M.; Wang, J.; Xie, C.; Yang, Y.; Tian, J.W.; Xue, Y.M.; Hou, F.F. Increased plasma advanced 

oxidation protein products is an early marker of endothelial dysfunction in type 2 diabetes patients without 

albuminuria. J. Diabetes 2014, 6, 417–426.  

 

[42] Potra, A.R.; Kacso, T.P.; Gavrilas, A.M.; Rusu, C.C.; Rusu, C.C.; Rusu, C.C.; Moldovan, D.; Bondor, 

C.I.; Tirinescu, D.; Coman, L.A.; et al. SP457Adiponectin Is Related to Markers of Endothelial Dysfunction 

and Neoangiogenesis in Diabetic Patients. Nephrol. Dial. Transplant. 2018, 33, i501.   

 

[43] Telci A, Cakatay U, Kayali R, Erdog˘an C, Orhan Y, Sivas A, et al. Oxidative protein damage in 

plasma of type 2 diabetic patients. Horm Metab Res 2000;32(January (1)):40–3.  

 

[44] Cakatay U. Protein oxidation parameters in type 2 diabetic patients with good and poor glycaemic 

control. Diabetes Metab 2005;31(December (6)):551–7. 

 

[45] Karacay O, Sepici-Dincel A, Karcaaltincaba D, Sahin D, Yalvac¸ S, Akyol M, et al. A quantitative 

evaluation of total antioxidant status and oxidative stress markers in preeclampsia and gestational diabetic 

patients in 24–36 weeks of gestation. Diab Res Clin Pract 2010 Sep;89(3):231–8. 

 

[46] Horva´th EM, Magenheim R, Kugler E, Va´cz G, Szigethy A, Le´va´ rdi F, et al. Nitrative stress and 

poly(ADP-ribose) polymerase activation in healthy and gestational diabetic pregnancies. Diabetologia 

2009;52(September (9)):1935–43 [Epub July 14, 2009] 

 

[47] Seong, W. J. et al. Clinical signifcance of serum albumin level in pregnancy-related hypertension. J. 

Obstet. Gynaecol. Res. 6, 1165–1173 (2010). 

 

[48] D.C. Chang, X. Xu, A.W. Ferrante, J. Krakoff, Reduced plasma albumin predicts type 2 diabetes and is 

associated with greater adipose tissue macrophage content and activation, Diabetol. Metab. Syndr. 11 (1) 

(2019) 

 

[49] Y. Kawaguchi, J. Sawa, C. Hamai, Y. Kumeda, Differential effect of hypoalbuminemia on 

hypoglycemia on type 2 diabetes patients treated with insulin glargine 300 U/ml and insulin degludec, 

Diabetes Ther. 10 (4) (2019) 1535–1541. 

 

https://www.healthsciencesbulletin.com/


ISSN: 1343-4292 

Volume 141, Issue 03, March, 2023 

  

3307 

 

[50] Güngör ES, Danişman N and Mollamahmutoğlu L. (2011): Relationship between serum uric acid, 

creatinine, albumin and gestational diabetes mellitus. Clin Chem Lab Med., 44:974-7. 

 

[51] Gomez -Cantarino S, Agullo -Ortuno M, Dios -Aguado M, Ugarte -Gurrutxaga M, Bouzas -Mosquera 

C. Prevalence of hypoproteinemia and hypoalbuminemia in pregnant women from three different 

socioeconomic populations. Int J Environ Res Public Health. 2020;17(17):6275. 

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 


